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Subframe Control Channels of IEEE802.16m System
Youngsoo Yuk, Youngseob Lee, Sang Gook Kim and Kiseon Ryu

LG Electronics
1. Introduction
We proposed the hierarchical MAP concept at the session #53, in Levi, Finland [1]. In our proposal, the main concept was to divide the control information into the common part and the dedicated part. Based on our objective, we propose the hierarchical MAP structure with three entities: the BSD (Broadcast System Descriptor) used for transmitting system configuration information, the SuperMAP for transmitting the common control part and the SubMAP for transmitting dedicated control signal. The overall concept of our proposed hierarchical MAP structure is described in Figure 1.
In this contribution, we propose a more detailed structure for IEEE802.16m systems which is focused on the subframe control channel. The remaining issues will be covered in our other contributions (BSD [2], SuperMAP [3]).
Here we discuss various considerations for designing scheduling control channels of the IEEE802.16m, such as resource allocation, control channel structuring and so on. As mentioned in [1], to meet the system requirements of IEEE 802.16m, the introduction of shorter frame size and low-latency signaling are also considered.
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Figure 1 Functional transition of the Hierarchical MAP structure

Figure 2 shows SubMAP configuration examples in various cases. The downlink subframes may have several downlink SubMAPs and uplink SubMAPs. The downlink SubMAP contains scheduling information of downlink bursts in the corresponding subframe. The uplink SubMAP contains the scheduling grant and the power control information of the uplink bursts in each uplink subframe. 
The total size of SubMAPs will vary according to the number of the scheduled MSs. Especially in the case of an asymmetric DL/UL configuration case in TDD, the variance of SubMAP size will become large since some subframes have no uplink SubMAP as shown in Figure 2(b). 
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Figure 2 The location of SubMAPs in a frame.

2. Sub-frame Control Structure
The proposed subframe control structure is composed of three different channels; subframe control header (SFCH), SubMAP header, and SubMAP body. A SFCH contains the subframe configuration information. The SubMAP header contains the encoding information of several SubMAP bodies. Finally, the SubMAP body is the main scheduling channel. Simply, we call a SubMAP body as a SubMAP.
A. Subframe Control Header (SFCH)
SFCH is similar to FCH (Frame Control Header) in the IEEE802.16e. Table 1 shows an example of the contents of a SFCH.

SFCH delivers information about a subframe and SubMAPs, and simultaneously indicates information of the allocated data encoded by the lowest MCS (Broadcast channel (BSDs) and the data for user in the worst channel environment. Thus, SFCH should be encoded with the most reliable coding scheme in that cell. The requirement of the performance of SFCH is to achieve 
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1% BLER at a 5% geometry CDF point [4]. The code rate can be informed by SuperMAP, or can be fixed with the lowest code rate, such as tail-biting CC rate of 1/8~1/12 with QPSK modulation. If we assume that SFCH is encoded by the CC with code rate of 1/12, the required subcarriers for SFCH will be 54 ~ 104 (90), which is about 6.5~16.67% of one symbols (assume that total number of used subcarrier is 864). Though the ratio of the overhead is somewhat high, the proposed SFCH can provide considerable performance gains to both MS and BS. 

Table 1 Elements transmitted by SFCH
	Field
	Contents
	Description
	Required Bits

	Subframe Information
	Sub-frame grouping information
	Subframe will be tied up with next n consecutive subframes
	1~2 (1)

	
	RB Configuration Index
	Distribution index of the distributed RBs
	0~6 (4)

	
	Group ACK
	Set if all the ACK/NACK bits in the subframe is set to ACK, then any physical ACK/NACK channel does not exist in the subframe
	0~2 (1)

	SubMAP Information
	Total SubMAP Size
	Number of Allocation Units (Scalable TDM) or 
Half symbols and RBs (Hybrid TDM/FDM)
	2~6 (4)

	
	Next SubMAP (Header) MCS
	The MCS/Type information for SubMAP (header) next to SFCH
	1~2 (1)

	Broadcast Channel Information
	Number of the allocated resource for the broadcast channel 
	Resource allocation for the data by the lowest MCS in downlink, such as BSDs (Similar with the Burst 1 in IEEE802.16e) 
	3~6 (4)

	Total (Bits)
	
	9~24 (15)


B. SubMAP (Body)
In [1], we showed that the separately encoded dedicated control channel provides high spectral efficiency. Thus we assume to use the dedicated SubMAP for controlling specific MSs or MS groups.

The elements expected to be included in SubMAP are shown in Table 2. The elements and the number of the required bits may be different according to the type of SubMAPs. We can define various types of SubMAPs, such as downlink/uplink ordinary SubMAP, downlink MBMS SubMAP, uplink power control SubMAP, persistent/group scheduling SubMAP and so forth.

For identifying the destination MS, the use of the CID-embedded CRC can be considered as a useful method. MSs should decode all SubMAPs, and find a scheduling channel by comparing the decoded CRC with their CID or MS-ID. Each SubMAP can be aligned to an order according to its MCS and size. The SubMAP with the lowest coding rate will be ordered at the very front. All SubMAPs transmitted to a MS may be encoded as the same MCS. If an MS finds a SubMAP, it does not need to further search for SubMAPs encoded with higher MCS levels, which will save useless SubMAP decoding. In addition, to minimize the number of the blind decoding or SubMAP indication bits, not too many different SubMAP sizes should be defined. We recommend to use 2~3 different sizes of SubMAP .

Table 2 Candidate contents of SubMAP
	Fields
	Detailed Contents

	Resource Assignment Information
	· Resource Allocation Information

· Duration/Persistent Allocation Information

· Resource Type Information (Distributed/Localized)
· Resource Size (6 symbol /5 symbol)

· Persistent and/or Group Scheduling Information for VoIP MSs

	MIMO Information
	· Closed-loop/Open-loop

· Rank information

· PMI

· DL/UL Collaborative MIMO Information

	Transmit Format Information
	· Modulation and Coding (MCS)

· Payload Size

	H-ARQ Information
	· H-ARQ process ID

· New Data Indicator

· Retransmission Sequence Number

· Redundancy Version

	Transmit Power Information
	· Uplink Closed-loop Power Control Bit

· Downlink Power Boosting Information

	CRC
	· MS ID or (Reduced) CID embedded CRC


C. SubMAP Header
SubMAP header is used to indicate MCS of SubMAP bodies. In 3GPP LTE, any information about the MCS level of the scheduling channel is not transmitted. Thus the scheduling channel should be blindly detected, and the blind decoding can be repeated up to maximum 40 tries. The SubMAP header helps reducing the number of blind decoding by providing the MCS information, which may incur additional overhead.

We have considered three different types of SubMAP structures according to the number of SubMAP header. Figure 3 shows these three SubMAP structures. 
The first scheme has multiple SubMAP headers for indicating multiple MCS levels. Each SubMAP header contains the number of SubMAP bodies encoded by the corresponding MCS-level. The order of the SubMAPs is determined by their MCS levels, placing the SubMAP with the lowest MCS upfront.

The second scheme has only one SubMAP header, and this header indicates the number of SubMAPs at each MCS. The contents in the SubMAP header are the same as the first scheme. They only differ in terms of the SubMAP header encoding schemes. In the previous scheme, each SubMAP header is encoded by itself, whereas all the information in SubMAP header is jointly encoded in this scheme. 
The last scheme has no SubMAP header, and each SubMAP should be detected through blind decoding. This scheme is the same as that of the 3GPP LTE system. The latter scheme may have an advantage of low overhead, it increases the complexity at the MS receiver side.

The required amount of overhead caused by SubMAP header(s) will be evaluated through the system-level simulation.
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Figure 3 Proposed SubMAP Structures

3. Resource Allocation of SubMAP
In this chapter, we compare the existing resource allocation methods, i.e. TDM and FDM. After the comparison, we propose two schemes to overcome the drawbacks of TDM and FDM. 
A. TDM vs. FDM

The resource allocation method is the most important factor for the efficient design of SubMAP. Particularly, the multiplexing between data regions and control regions is a key issue. The time-division multiplexing (TDM) and the frequency-division multiplexing (FDM) can be considered for IEEE802.16m system. Figure 4 shows the concept of the resource allocation based on TDM and FDM.
TDM is to divide a subframe into a MAP region and a data burst region by OFDMA symbol, and FDM is to divide a subframe by subchannels or resource blocks (RBs). In the figure 4, the TDM SubMAP is located in the second symbol of the subframe. To enhance the channel estimation performance in high-speed mobile environments, we put the TDM SubMAP at the second symbol in a subframe [5]. 
We discussed the various considerations on choosing the efficient schemes; i.e. such as feedback latency, MS complexity and overhead.
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Figure 4 SubMAP Allocation Methods
· Latency (Feedback Delay)

The decoding of control channels is required to finish before receiving all the symbols in a TTI, which contains data burst. Figure 5 shows the impacts of SubMAP allocation methods on the latency of ACK/NACK feedback delays in downlink subframes. We assume a 2 TTI’s delay for the general processing and a 150us delay for decoding all SubMAPs [6].
The average feedback delay of TDM is 2.6 subframes. On the other hand, the system with FDM SubMAP requires 4.2 subframes in average to receive the uplink feedback. Thus, TDM is more efficient for low latency scheduling.

However, this comparison can just be referred to downlink control channel design. In TDD system, the uplink SubMAP is followed by the uplink subframe with some amount of subframe offsets. Thus, the small decoding delay does not generate any feedback delay. Hence, it is possible to apply the different SubMAP channel structure for downlink and uplink SubMAPs.
· Microsleep

Furthermore, TDM structures have an advantage of microsleep concept. If an MS does not have any burst in the corresponding subframe, the MS can turn off its RF receiver until the next subframe. Microsleep refers to this short period which helps saving power consumption of MS. In [6], many companies proposed the subframe size of 6 OFDMA symbols, which is 617us. It is assumed that the ratio of resources allocated in a subframe for control channels does not exceed 20%. The control channel may be located in the first and/or the second symbol. Thus, it is possible for MS to turn off its receiver module for about 2 symbols (33%). This gain can become large if we use longer subframes by adopting subframe grouping.

In FDM structures, as all the symbols in the subframe contain SubMAP, the gains of microsleep cannot be achieved.
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Figure 5 Example of feedback delay comparison between TDM and FDM SubMAPs
· Resource Allocation Granularity (Overhead)

In this section, we just consider the downlink control signaling as the overhead, without taking the pilots into consideration. In the EMD documents, it is assumed that the downlink control channel requires about 6 symbols in a frame [4]. It is about 12.5% of resource in a frame, and 20% of downlink resource. In addition, in 3GPP LTE system, the practical ratio of the downlink control channel is 14.3% (2symbols/14symbols) or 21.4% (3symbols/14symbols). In this contribution, we assume that the ratios of the total required resource for the downlink control channel in a subframe is 20%. 

Considering TDM, one symbol is 16.67% of a subframe. Thus for allocating the 20% of resources to the downlink control channel, 1.2 symbols are required. In TDM, the maximum overhead of the downlink control channel should be limited below 16.67% (one symbol). Though we can consider the use of 2 symbols for the downlink control channel, the ratio is increased up to 33.3% of the subframe. Table 3 shows the overhead comparison between the 3GPP LTE and IEEE802.16m system in case of applying TDM SubMAP. When the subframe structure with 6 symbols is used, the overhead ratio is higher than that of 3GPP LTE. 

However, in FDM, a more flexible resource usage is possible. Assuming that the basic resource block (RB) is composed of 108 subcarriers (18(subcarriers) by 6 (symbols)) where a subframe will have a total of 48 resource blocks, 10 RBs are enough for allocating 20% of the resource. 10 RBs are 20.8% of the total resource in a subframe (the wasted resource is just about 0.8%). 

Because the size of one RB is smaller than that of a single symbol, FDM provides finer granularity than TDM. Table 4 shows the comparison results between TDM and FDM.

Table 3 Comparison of the overhead between the 3GPP LTE and IEEE802.16m in case of TDM SubMAP
	Number of symbols in a subframe
	Number of symbols allocated to the downlink control channel
	Ratio of the control channel overhead
	Remarks

	14
	3
	21.4%
	3GPP LTE

	14
	2
	14.3%
	

	14
	1
	7.1%
	

	6
	2
	33.3%
	Candidate for IEEE 802.16m 

	6
	1.2
	20.0%
	

	6
	1
	16.7%
	

	6
	0.5
	8.3%
	

	29
	6
	20.7%
	IEEE 802.16e 


As a result, we can summarize the comparison as follows:

· TDM outperforms FDM in terms of latency and complexity at the MS side
· FDM outperforms TDM in terms of the resource allocation granularity and the overhead.
Table 4 Comparison between TDM and FDM allocation methods
	
	TDM
	FDM

	Advantages
	· Short feedback delay
· MS power saving with microsleep

· Simple Separation of data & control region.
· Low MS complexity with small required buffer size
· High frequency diversity
	· High granularity of the ratio between the control channel and the data channel
· Relatively low unused subcarriers.

	Drawbacks
	· Low granularity of the ratio between the control channel and the data channel
· High Overhead with large unused subcarriers
	· Decoding delay (Feedback Latency)
· Large required buffer size for MS

· Cannot apply microsleep

· Limited use of the frequency diversity


B. Proposed Scalable TDM and Hybrid TDM/FDM schemes
To solve the problems of the long latency of FDM and the low granularity of TDM, two kinds of methods can be proposed. 
· Scalable TDM scheme

Figure 6 shows the concept of the proposed scalable TDM. The unit of the resource allocation is “mini-RB” which is composed of several subcarriers. The number of subcarriers in mini-RB is the same as that of regular RB. In this scheme, two kinds of RBs with the different length of the symbol can be allocated. Thus we can assign those subcarriers not used for SubMAP to the data bursts. To remap the unused subcarriers to data burst, the length of the region occupied by SubMAPs or the size of the allocated resource should be informed to MS. The length of the control region can be informed by a special channel such as SFCH (Sub-Frame Control Header), and the size of the allocated resource can be specified in each downlink SubMAP. 
As the size of mini-RB is small (12~18), the required number of bits to indicate the length is larger than the other schemes. To reduce the number of the indication bits, we introduce a new unit, CAU (Control Allocation Unit) as a minimum allocation unit composed of multiple mini-RBs. It is efficient to reduce the number of indication bits in spite of lower granularity. For example, if we choose 2 mini-RBs (36 subcarriers) as a CAU, we can save one bit to indicate. If we use 6 mini-RBs as a CAU, it can provide the same granularity as FDM allocation method. The size of CAU should be determined based on the trade-off between the indication overhead and the granularity. 
In order to obtain frequency diversity gain, the distributed channel should be used for SubMAP. As the total number of the RBs for control channel varies, it is difficult to make distributed subchannels to assign SubMAPs in this scheme. Thus specific allocation and permutation rule should be applied.
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Figure 6 Proposed Scalable TDM Resource Allocation Scheme
· Hybrid TDM/FDM scheme

The other method is the hybrid scheme of TDM and FDM. Figure 7 shows the proposed hybrid TDM/FDM, and three cases are shown according to the total size of SubMAP. 

Aforementioned, the advantage of the low decoding latency can be achieved by the downlink SubMAPs, not uplink SubMAPs. In the hybrid scheme, the downlink SubMAPs should be allocated to TDM symbol and the uplink SubMAP can be allocated to both a TDM symbol and FDM subchannels. 

Because of uplink SubMAP allocated by FDM, the microsleep cannot be fully applied with this scheme. However, the microsleep can be partially applied. As the uplink grant is the reply for the request sent by MS, MS can have a microsleep period when it did not send any BW request signal. In addition, with the assumption that the size of a subframe is 6 OFDMA symbols, the gain of the microsleep in IEEE802.16m may not be sufficiently large, in terms of tradeoff between overhead and its functionality gain. As the size of TDM channel is fixed, simple sub-channelization method can be applied to make distributed control subchannels.

The detailed mapping rule is as follows:

1. Count the total number of required subcarriers for allocating the SFCH (Broadcast Channel) and the downlink SubMAP.

A. if the number of required subcarriers is larger than a half of a symbol, then one symbol is used (Figure 6 (b), (c))

B. otherwise just a half of a symbol is used (Figure 6(a))

2. Fill the allocated symbol with the SFCH and the downlink SubMAPs.

3. If the unused subcarriers exist in that symbol, fill the remaining region with the uplink SubMAPs.

4. After the mapping of 3, if you have another uplink SubMAPs not being allocated, use several RBs to allocate the remaining uplink SubMAPs. To achieve diversity gain, more than 2 or 3 RBs with the some amount of separation in the frequency band should be selected. It is preferable to choose two edge-RBs of the band firstly.
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Figure 7 Proposed Hybrid TDM/FDM Resource Allocation Scheme
C. Comparison Results 

Figure 8 shows the comparison of the waste ratios of subcarriers in several allocation scheme scenarios. The ratio is relative to the size of a single subframe. For simplicity purpose, the pilots are not considered in this comparison. We included the ratios of the 3GPP LTE and WiMAX Rel 1.x of downlink overhead which is shown in [7] for reference of the practical values of total overhead ratios. From the analysis results of [7], 10~25% can be considered as practical values of total amount of downlink overhead. The waste ratio of TDM is non-trivial as shown in Figure 8, and it considerably increases in cases where more than one symbol should be used.
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Figure 8 Comparison of the idle (wasted) subcarriers for various kinds of allocation schemes
Table 5 shows the comparison results of the four allocation schemes in terms of idle subcarrier ratio. Though TDM has advantages overall, the poor performance of the resource usage is a too much of a drawback. Though the scalable TDM have problems of making the restriction of the allocation of the data burst, and of overhead for indicating of the total MAP size, they can be resolved by increasing the size of the allocation unit. 

Though the hybrid TDM/FDM shows good performance in most of the fields, it hardly makes full use of the frequency diversity gain with the limited number of RBs. 
Table 5 Comparison of the characteristics of the various allocation schemes
	
	TDM
	FDM
	Scalable TDM
	Hybrid TDM/FDM

	Latency (Feedback Delay)
	Good
	Long
	Good
	Good

	Microsleep
	Possible
	Impossible
	Possible
	Partially Possible

	Size of Buffer ( FFT )
	2~3 symbol
	6~7 symbol
	2~3 symbol
	2~3 symbol

	Frequency Diversity
	Good
	Limited
	Good
	TDM: Good
FDM: Limited

	Flexible Resource Usage
	Poor
	Good
	Good
	Good

	Allocation unit/ % ratio w.r.t. one subframe
	1 symbol/
16.67%
	1 RB/
2.08%
	1 CAU/ 
0.34*N% (N=1,2,3…)
	1 RB* /

1.7%

	Resource Allocation for Data Burst
	No Limitation
	Limit to allocate Localized RB
	No Limitations
	Same with FDM

	Overhead for indicating MAP size 
(Assuming 16%~25% of control overhead)
	0~1 bit
	3~4 bits
	3~7 bits
	1~4 bits


* The reduced 1 RB with 5 symbols
4. Conclusion 
In this contribution, we proposed new subframe control structures. 
First, we proposed a logical control structure composed of SFCH, SubMAP headers and the multiple SubMAPs. The proposed scheme allows the MSs to acquire the information about the subframe as well as to decode downlink control channels without blind decoding. Since the SubMAP headers can be considered as another overhead, the decision of employing “SubMAP Headers” will be made after the discussion of the trade-off between the overhead and the complexity.
Second, we proposed two kinds of new resource allocation schemes; the scalable TDM and the hybrid TDM/FDM. These schemes have many advantages with overcoming the drawbacks of existing TDM and FDM allocation schemes. 
For the detailed design, the required size for a SubMAP should be analyzed by system level simulation.
References

[1] IEEE 802.16m-08/091r2, Downlink Control Signaling for Frame Structure Design of IEEE 802.16m, 2008-1-22
[2] IEEE 802.16m-08/150, Control Signaling for Broadcast System descriptor, 2008-03-10
[3] IEEE 802.16m-08/148, Super-MAP for broadcasting system information, 2008-03-10
[4] IEEE 802.16m-08/004, Project 802.16m Evaluation Methodology Document, 2008-03-04
[5] IEEE 802.16m-08/153, Pilot related to DL MIMO, 2008-03-10
[6] IEEE 802.16m-08/096r5, Frame Structure Comparison, 2008-01-24
[7] NGMN WP1 “Radio Performance Evaluation, Phase 2 Report Version 1.0”, Jan. 2008

Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text =================================

11.x. Control Channel Structure
For more flexible and efficient use of the spectrum, the hierarchical frame structure based on the “super frame” and “subframe” shall be used for IEEE802.16m system. To support the hierarchical frame structure, several BSDs (Broadcast System Descriptor), a SuperMAP and several SubMAPs shall be transmitted on physical downlink control channels.
Figure x shows the basic concept of downlink control channel of IEEE802.16m system.
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Figure x Basic concept of downlink control channel of 802.16m system
11.x.y SubMAP Structure
The subframe size and the default TTI size shall be 6 OFDM symbols. The subframe control channels shall be located in every TTI which is the integer multiples of subframes. SubMAPs should be transmitted with the optimized MCS level for each MS. SubMAP shall play the main scheduling role in the IEEE802.16m system.
11.x.y.1 Logical Structure of SubMAP
SubMAPs shall be composed of three different channels; subframe control header (SFCH), SubMAP header and SubMAP body. SFCH shall contain the subframe configuration information, and SubMAP header shall contain the encoding information of SubMAP bodies. Finally, SubMAP body is the main scheduling channel. The downlink SubMAP and the uplink SubMAP for one MS shall be separately encoded.
11.x.y.2 Resource Allocation of SubMAP in a Subframe

SubMAP shall be allocated differently with data bursts, and one of the following two kinds of methods shall be applied.
· Scalable TDM

The unit of the resource allocation is CAU (Control Allocation Unit), and CAU shall be composed of multiple mini-RBs. The mini-RB is the first one symbol of RB of regular RB. The length of control region shall be multiple of CAU, and the length shall be informed by SFCH. 
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Figure xx Scalable TDM Resource Allocation Scheme
· Hybrid TDM/FDM 

Downlink SubMAPs shall be allocated to TDM symbol and uplink SubMAPs can be allocated to both TDM symbol and FDM subchannels. 
The detailed mapping rule is as follows:

1. Count the total number of required subcarriers for allocating SFCH and downlink SubMAPs.

A. if the required subcarriers is larger than a half of a symbol, then use one symbol is used (Figure xxx (b), (c))

B. otherwise just a half of a symbol is used (Figure xxx(a))

2. Fill the allocated symbol with the SFCH and the downlink SubMAPs.

3. If the unused subcarriers exist in that symbol, fill the remained region with the uplink SubMAP.

4. After the mapping of 3, if you have another uplink SubMAP not allocated, use several RBs to allocate the remained uplink SubMAPs. 
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Figure xxx Hybrid TDM/FDM Resource Allocation Scheme
============================== End of Proposed Text =================================
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