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1. Introduction

In Session #55 in Macau, participants in the TGm DL control channel rapporteur group agreed to harmonize a set of performance criteria to evaluate and compare different DL control channel proposals. The purpose of this document is to specify details of the design criteria for comparison of proposals on the multiplexing schemes, transmission formats, and locations for Unicast Service Control Channels (USCCH), as well as the configuration and parameters for simulations that may be used to generate performance metrics for comparison.
2. Decisions to be made on DL Unicast Service Control Channel Structure
The following issues related to USCCH design need to be resolved in the proposed text in the 802.16m SDD as specified in IEEE C802.16m-08/297r1.
2.1. Multiplexing Schemes: TDM/FDM/Hybrid TDM-FDM
The multiplexing of USCCH and data channels can be either TDM or FDM or hybrid TDM/FDM. The decision on the multiplexing scheme has a significant impact on the 802.16m system operation and both MAC and PHY design.
2.2. Coding Schemes: Separate Coding or Joint Coding
A unicast service control information element is defined as the basic element of unicast service control. A unicast service control information element may be addressed to one user using a unicast ID or to multiple users using a multicast/broadcast ID. It may contain information related to resource allocation, HARQ, transmission mode etc.

If each unicast service control information element is coded separately, this type of coding is referred to as “separate coding”, whereas if multiple unicast service control information elements are coded jointly and assigned to one physical allocation, this type of coding is referred to as “joint coding”.
A decision must be made on whether USCCH information elements are coded jointly or separately.
2.3. Location of USCCH
The USCCH can be in every DL subframe or only in some DL subframes within a frame.
3. Selection Criteria and Evaluation Methodology
This is an approach to use link level simulation and partial system level simulation wherein only the USCCH is simulated while data channel is not simulated to evaluate various aspects of DL control design. By measuring the cell coverage or capacity of USCCH with certain restrictions and without capturing the interaction with the data channel as in a full-blown system level simulation, the intention of this approach is to evaluate certain aspects of DL control design in a simpler simulation environment (mostly because data channel is not simulated and no advanced scheduler is needed).
3.1. Multiplexing Schemes
Evaluation of the multiplexing schemes include the following criteria: link level performance, cell coverage, L1/L2 overhead, data latency, support for micro-sleep, and multi-radio coexistence.
3.1.1. Link Level Performance
Link level performance is used to determine the physical layer performance difference between TDM and FDM in terms of packet error rates. The goal is to allocate same amount of physical resource for MAP in both TDM and FDM modes. For the TDM mode the allocation always has two symbols, while the allocation for the FDM mode has 6 symbols, consistent with the 16m subframe size. 

These setups serve as the reference simulation configurations. To compare with USCCH proposals not covered by the setup, proposal-specific simulation can be run. Proposal-specific simulation may use different configurations like burst allocation, MCS, channel coding, Tx diversity (e.g., STBC) etc.
	Parameters
	Values

	Bandwidth
	10 MHz

	FFT size
	1024

	CP length
	1/8 symbol time

	Carrier Frequency
	2.5 GHz

	Channel Model
	Pedestrian B 3 km/hr,
ITU-Vehicular A 120 km/hr,


	DL Tx scheme
	2 Tx antennas, CDD with ¼ CP delay on the diversity antenna

	DL Rx scheme
	2 Rx antennas

	Permutation and symbol structure
	16e PUSC (baseline permutation in EMD)

	Channel Coding
	16e CTC

	MCS
	QPSK ½ with repetition 1, 2, 4 and 6.

	USCCH Allocation, FDM, QPSK ½ 
	1 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 2
	2 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 4
	4 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 6
	6 subchannel x 6 symbol

	Allocation, TDM, QPSK ½
	3 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 2
	6 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 4
	12 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 6
	18 subchannel x 2 symbol

	Channel Estimation
	MMSE based on all pilots in 2 symbols for TDM. For FDM, all pilots in one cluster by 6 symbols are used for MMSE algorithm.


Table 1: Link level simulation parameters
3.1.2. Cell Coverage

The link level performance results are used as input to system level simulation. The percentage of cell coverage for different MCS and multiplexing schemes is evaluated and compared against the 802.16m SRD requirement, which specifies that at least 95% of users shall achieve 1% PER. The system level simulation should generate SINR distribution for users in the cell using baseline EMD cell configurations. The following two cell sizes should be considered:
· EMD baseline cell size (1500 m cell-to-cell or 866 m radius).

· Larger cell configuration (5000 m radius using open rural macrocell path loss model in 3.2.3.7 of [1]).

For FDM, cell coverage analysis should also include the effect of power boosting of USCCH, assuming a total power constraint (46 dBm [1]) at the BS. The effect of power boosting must be specified as a function of the power allocation between the data channels and the USCCH.
3.1.3. Multi-radio Co-existence

Support for multi-radio co-existence is evaluated through analysis and the maximum absence interval and maximum absence ratio are used as metrics for comparison [2]. Maximum absence interval is the maximum time interval that an 802.16m MS can turn off its radio. Maximum absence ratio is the maximum fraction of time that an 802.16m MS can turn off its radio, i.e., maximum absence interval divided by one USCCH period. This analysis can provide some insights to micro-sleep and power saving as well.
3.2. Coding Schemes

3.2.1. USCCH Capacity Analysis

USCCH capacity analysis is to compare the number of users that can be supported by different MAP coding schemes without simulating the actual data traffic. Given a fixed amount of bandwidth and power resources, we can simulate the maximum number of users that can be fitted into the USCCH region using separate coding or joint coding schemes. We recognize that a high USCCH capacity doesn’t necessarily translate into a high data capacity (e.g. a few high rate data users with good geometry can produce more throughput than a large number of low rate users with poor geometry). The following scenarios for comparison purpose should be considered in the simulation:
· Joint coding and separate coding with CRC masked by CID.

· Overhead reduction for joint coding

· Different MAP IE sizes
· TDM or FDM resource allocation (since the maximum USCCH capacity is the subject under investigation here, hybrid TDM/FDM is reduced to a two symbol TDM case)
· Power boosting effect for FDM

The simulation should perform an exhaustive search to fit the maximal number of users in the USCCH region. SINR distribution obtained from system level simulation is the input to the capacity simulations. Users are randomly picked based on the SINR distribution to fit into the USCCH region until the selected users cannot be allocated in the USCCH. The simulation shall repeat the process several times in order to find the expected value of the maximum number of users.

Perfect power control is assumed so that the exact power needed to achieve 1% PER is used for a given user’s SINR and MCS. For instance, supposed that a user’s SINR is -3 dB from the system level simulation which is done without power control. Assume that SINR required to achieve 1% PER is -1 and -4 dB for QPSK ½ rep 2 and 4, respectively, from the link level simulation results in 3.1.1. If the per-tone power is x dBm when power allocation is uniform over the band, the user would need (x+2) dBm per-tone power to receive USCCH in QPSK ½ rep 2 and (x-1) dBm per-tone power to receive USCCH in QPSK ½ rep 4. 
For joint coding, the required per-tone power is determined by the user in the group with the lowest SINR. Each group can but does not need to have different MCS. There is also no constraint on the number of users in each group.
The following are parameter values used in the simulation.
	Parameters
	Values

	TDM USCCH region
	30 subchannels by 2 symbols

	FDM USCCH region
	10 subchannels by 6 symbols

	Other hybrid schemes
	Total data subcarriers in the region should be the same as the above TDM or FDM scheme.

	Mininum resource unit
	1 PUSC slot (or proposal specific amount)

	Power budget
	46 dBm for TDM

41.2 dBm for unboosted FDM (10 out of 30 subchannels are used so power budget should be 46-10log10(3)=41.2)
44.2 dBm for 3 dB boosted FDM

	Number of user groups for joint coding
	4

	Possible MCS
	QPSK ½, QPSK ½ repetition 2, QPSK ½ repetition 4, QPSK ½ repetition 6 (or other proposal specific type)

	CID size
	16 bits

	Start RB index
	6 bits (or proposal specific value)

	Allocated RB
	5 bits (or proposal specific value)

	Other L1/L2 information (data MCS etc.)
	x (5, 13, 21, 29, or 37)

	Total MAP IE sizes (including CID, RB allocation and other L1/L2 information,)
	32, 40, 48, 56, 64 bits (or other proposal specific values) 

	CRC size
	16 bits

	Sub-MAP header
	4 bits

	Joint coding overhead reduction multiplier
	y (1, or 0.8)


Table 2: Capacity analysis parameters
The total numbers of uncoded USCCH bits of separate and joint coding schemes are:
Separate coding with CRC masked by CID: Nuser * (16+6+5+x)
Joint coding: 
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Nuser(g) is the number of users in group g. The multiplier y can be either 1 or 0.8, which is a rough estimation due to overhead reduction techniques used in joint coding [3]. Also the reduction can be justified by comparing LTE MAP IE size which is separate coding with the 16e per-user MAP overhead. The LTE MAP IE size is 48 bits. 16e per-user MAP overhead is 36 bits. The reduction is more than 20%.
To decode USCCH, additional signaling may be required to indicate, for example, the location, size, and MCS of USCCH. The signaling to decode USCCH happens in other channels and is considered as overhead for a particular USCCH design. To compare coding schemes for USCCH, the amount of overhead should also be analyzed and compared.

Proponents can provide additional results based on their proposal to compare with the baseline schemes described above.

3.3. Location of USCCH

The location of the USCCH in a frame has a direct impact on the data latency so an analysis of data latency needs to be done for comparing different proposals.
3.3.1. Data Latency

Data latency is defined in [4] and should not exceed 10ms in both DL and UL given the following assumptions
· Unloaded condition: single user with single data stream.
· Small packets: small IP packets (e.g. 0 byte payload + IP header) for both downlink and uplink.
· HARQ retransmission delay: That is, if the H-ARQ re-transmission time is Tr and the probability of an H-ARQ re-transmission is Ph then the total additional delay due to H-ARQ re-transmissions is assessed as Ph*Tr.
· Any processing delays, packet transmission duration delays, and radio frame alignment delays associated with the radio access network edge node or terminal should be included.
DL data latency calculation:
· Frame duration (TF =5ms)
· Number of sub-frames per frame (N=8)
· Number of scheduling event per-frame (n)
· Number of sub-frames between two consecutive scheduling events (m)
· Time offset of ith scheduling event from the last scheduling event of previous frame (Ts (i)) 
· Queuing/frame alignment latency (Tq ): 
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 which is averaged latency from packet arrival to being scheduled. The number of packet arrivals  over any fixed time period has the same statistics  and the scheduler uniformly schedule packets in available scheduling events of a frame, as shown in Figure 1 and 2. For instance, in Figure 1, Ts(1) is 6 TTI and Ts(2) is 8 TTI. Packets arrive in “DL packet arrival time at Tx” are divided by two halves because of two scheduling events. The first half is assigned to the first scheduling event in DL frame n+1. The average queuing latency for those packets is 6 TTI – TF/4. The average latency of the second half is 8 TTI – TF*3/4.
· Data transmission latency (Tt): 
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 is averaged latency from packet being scheduled to being transmitted. The scheduler uniformly schedules the transmission over available resources.
· Retransmission turn around time for transmission in nth subframe (Tr (n)= TF)
· Latency from the end of previous transmission to the end of current re-transmission
· Typically in multiple of frames subject to HARQ NACK delay and processing delay
· Initial HARQ retransmission probability (Ph =0.3)
· Average HARQ retransmission latency (Th)
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· MS and BS Processing latency (Td=2*TTI ) [5]
· Latency from the end of packet transmission to the packet being decoded and sent to IP SAP at the receiver
· Total DL data latency is Tq+ Tt+ Th+ Td.
UL data latency calculation:

· Tq, Th, and Td are the same with DL.
· Data transmission latency (Tt)
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, where TDL is the DL frame duration for TDD and 0 for FDD.

· Total DL data latency is Tq+ Tt+ Th+ Td.
The latency at the transmitter side can be illustrated in Figure 1 and 2.
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Figure 1: Data transmission latency for TDD
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Figure 2: Data transmission latency for FDD
3.3.2. Multi-radio Co-existence

The maximum absence interval and the maximum absence ratio as described in 3.1.3 should be the metrics here to evaluate different USCCH locations. The metrics can provide some insights on the feasibility and efficiency of multi-radio co-exitence, micro-sleep, and power saving.
3.4. Other Supporting Analyses
There are other criteria to analyze and compare different options: including MS complexity, MS buffer size, power saving, micro-sleep analysis, etc. These analyses are more subjective to individual implementations. Results can be provided for supporting purposes. 
In addition, throughput and outage analysis based on comprehensive SLS simulation is seen as an integrated way to evaluate individual proposal on USCCH design. The rest of this section describes the required setup to perform the integrated analysis.
3.4.1. Link Level Performance

Link level performance is used to determine the physical layer performance difference among TDM, FDM, and hybrid TDM/FDM in terms of packet error rates of the MAP messages. The goal is to provide link curves of USCCH and data channel for subsequent system level simulation.

For the TDM or hybrid TDM/FDM mode the allocation in time domain always has two symbols, while the allocation for the FDM mode has 6 symbols, consistent with the 16m subframe size.

Either joint coding or separate coding can be used on the USCCH messages, provided the proponent indicates which method is used in the simulation and evaluation. Proponents may simulate both approaches while holding the other parameters the same to demonstrate the incremental gain of a particular technique.

The setups shown in Table 3 serve as the USCCH reference simulation configurations. 

	Parameters
	Values

	Bandwidth
	10 MHz

	FFT size
	1024

	Carrier Frequency
	2.5 GHz

	Channel Model
	Pedestrian B 3 km/hr,

ITU-Vehicular A 120 km/hr,

	Packet Size
	N*32+16-bit CRC+4-bit Header for each jointly coded USCCH;

32 + 16-bit CRC for each separately coded USCCH

	DL Tx scheme
	2 Tx antennas, CDD with ¼ CP delay in the diversity antenna

	DL Rx scheme
	2 Rx antennas

	Permutation and symbol structure
	16e PUSC

	Channel Coding
	16e CTC for jointly coded USCCH;

Tail Biting Convolutional code for separately coded USCCH

	MCS
	QPSK ½ with repetition factor of 1, 2, 4 and 6.

	USCCH Allocation, FDM, QPSK ½ 
	1 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 2
	2 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 4
	4 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 6
	6 subchannel x 6 symbol

	Allocation, TDM, QPSK ½
	3 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 2
	6 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 4
	12 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 6
	18 subchannel x 2 symbol

	Channel Estimation
	MMSE based channel estimator, which may be optimized for each design proposal. 


Table 3: Link level simulation parameters for USCCH
Note: For USCCH, 1 subchannel contains 8 subcarriers in frequency domain.  For example, in the case of QPSK ½ rate, one USCCH will occupy 48 subcarriers (e.g., 8 subcarriers x 6 symbol for FDM, and 24 subcarriers x 2 symbol for TDM).

For data link curves, a common set of 16e PUSC data link curves can be used for all proposals. 

3.4.2. System Level Performance

USCCH frequency of 1, 2, and 4 can be used in the system level simulation, provided the proponent indicates which value is used in the simulation and evaluation. Proponents may simulate more than one value while holding the other parameters the same to demonstrate the incremental gain of a particular approach.

To determine the impact of the USCCH performance on system capacity, full buffer data simulations should be performed using the following assumptions:

[Link level simulation parameters don’t have to be repeated here. We can just list EMD compliant parameters in the table. Parameters that are proposal specific can be omitted here and included in individual contribution.]

	Parameters
	Values

	Cell size
	1. EMD baseline cell size 
2. Larger cell configuration (5000 m radius using open rural macrocell path loss model in 3.2.3.7 of [1]).

	Joint coding group number
	4

	Users per sector
	100

	Channel Model
	Mixed of 60% users of Pedestrian B 3 km/hr and 40% users of ITU-Vehicular A 120 km/hr,

	Permutation and symbol structure
	16e band PUSC permutation

	Scheduling
	proportional fairness with latency timescale of 1.5 s

	Partitioning
	traffic bandwidth evenly divided into 6 partitions within each subframe


Table 4: System-Level capacity simulation parameters
The link level performance results (according to Section 4.1) are used as inputs to system level simulation. Interpolation is used to obtain the link curve for the effective code rate for a particular transmission. The percentage of cell coverage for different MCS and multiplexing schemes is evaluated and compared against the 802.16m SRD requirement, which specifies that at least 95% of users shall achieve 1% PER. 

The system level simulation should generate SINR distribution for users in the cell using baseline EMD cell configurations. The following two cell sizes and additional assumptions should be considered:

· EMD baseline cell size (1500 m cell-to-cell or 866 m radius).

· Larger cell configuration (5000 m radius using open rural macrocell path loss model in 3.2.3.7 of [1]).

· 57-sector cluster

· 100 randomly dropped users per sector

· Mixed channel model (i.e. each user pre-selects its channel model between PB 3kmph (with 60% probability) and VA 120kmph (with 40% probability) for generating fast fading in the system level simulation.

· Fairness (based on delay CQI feedback and fairness factor calculation) scheduler is used to select users for USCCH and data transmission

· For joint-coding based multiplexing scheme, 4 user groups are assumed. Users are assigned into 4 groups based on user link quality. The power allocation for USCCH is based on the target PER of USCCH for the worst user of each user group. The worst user of each user group is determined based on the delayed CQI feedback. The MAP IE size for each user group can be determined dynamically.

· For separate-coding based multiplexing scheme. The power allocation for USCCH is based on the target PER of USCCH for each selected user and based on its delayed CQI feedback.

· The fairness scheduler stops adding new users into the scheduled user pools when the bandwidth or power limitation is reached.  

· The target PER of data packet can be chosen by the proponents but should be specified in order to allow cross-check. Proponent should specify what power allocation margins are used if such margins are used in the system level simulation.

· The performance of each USCCH transmission for each intended user is evaluated based on the received SINR and corresponding link curves.

· If the USCCH message is received successfully, the performance of the associated data traffic is evaluated based on the received SNR and corresponding link curves,

· For TDM, all usable frequency subcarriers of either one or two symbols can be used for USCCH (and the rest symbols for data) dynamically in the system level simulation.

· For hybrid TDM/FDM, proponents should specify the fraction of the total number of usable frequency subcarriers of two symbols that can be used for USCCH (and the rest usable subcarriers and symbols for data) dynamically in the system level simulation.

· For jointly encoded approach, the additional overhead of group switching should be specified and captured in the system level results (e.g. by scaling down by a factor).

The outputs of the system level simulation include:

· Average Sector throughput

· Cell edge users (i.e. lower 5 percentile users) average throughput

· User throughput distribution (for fairness)

· Average data packet delay

· Cell edge users average data packet delay

· User average data packet delay distribution

· Outage probability
3.4.3. Other simulation assumptions

Proponent should specify and justify if any additional simulation assumptions are used.
3.4.4. Test cases

The following combinations of system level simulation test cases are possible: 2 cell sizes; 3 USCCH frequencies; 3 multiplexing schemes; and 2 MAP coding schemes.  A proponent may choose a subset of the test cases to demonstrate one particular aspect of their design.  
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