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Uplink Subframe Aggregation across Multiple Frames
Sten Sjöberg and Havish Koorapaty
Ericsson AB, Sweden
1 Summary
This contribution proposes a logical aggregation of UL subframes across multiple frames to carry one MAC PDU (medium access control protocol data unit) burst. The benefits of aggregation of UL subframes across multiple frames are:

1. Improved coverage with an extension of cell range for Mobile Stations (MS) by allowing the use of the most robust coding and modulation schemes
2. Increase of effective data rates at the cell edge
3.  Ability to maintain a desired overall asymmetric downlink-to-uplink ratio (DL:UL) 
4. Minimization of overheads caused by fragmentation 
Aggregation of multiple UL subframes into one logical unit for demodulation and decoding allows one UL MAC PDU that may span over several frames. Consequently, the receiver can accumulate adequate symbol energy to provide better coverage and larger payload can be accommodated for better efficiency. The uplink subframe aggregation logically combines two or more subframe durations that may span many frames into one data burst, typically for an MS at the cell edge. The allocation is done by the mapping messages carried on the downlink.
Multiple alternatives were considered as a means of achieving UL subframe aggregation. A comparison of the proposed method with other alternatives clearly indicates the benefit of the proposal.
2 Proposed SDD Text

[Section] Uplink Resource Allocation

[SubSection] Uplink Subframe Aggregation

By aggregating multiple UL subframes into one logical unit for demodulation and decoding, one UL MAC PDU may span over multiple frames such that enough symbol energies are accumulated for better coverage and larger payload can be accommodated for better efficiency. The uplink subframe aggregation logically combines two or more subframe durations that may span multiple frames into one MS data burst. The allocation in individual frames is done by the resource allocation messages carried on the downlink, and the signaling is done such that allocations can be allotted in non-consecutive subframes.  
3 Background

The currently agreed frame structure in IEEE 802.16m ‎[3] for TDD accommodates asymmetric traffic by allocating unequal numbers of symbols to downlink and uplink subframes; this is illustrated in Figure 1.  This is possibly also applicable to H-FDD. In any case, the Transmission Time Interval is indicated to be an integer number of subframes, with a default value of one subframe. Within this framework, it is possible to consider two cases: one in which the Transmission time is restricted to fit within the uplink portion of a frame (maybe spanning multiple subframes), or the alternative, wherein the Transmission time can span subframes that occur in multiple frames. 

[image: image1.emf]
Figure 1: Frame Structure for IEEE 802.16m TDD frame with downlink and uplink portions, showing the subframes

Several inefficiencies can be identified with the first case above:

1. Coverage: The downlink and uplink coverage are largely differentiated by maximum transmitted power allowed for base stations (BS) and MS’s. Typically, there can be differences of two-orders of magnitude, e.g., 20W versus 200mW. For an MS at the cell edge, it is important to impart as much energy as possible to the information bits in order to maximize the coverage. In order to maximize the time of transmission, it is preferable to use as few subchannels as possible. In power-limiting cases, allocation of radio resources on the uplink is limited to a single degree of freedom — time alone enables the receiver to accumulate more energy per information bit. The typically shorter UL duration and the lower maximum transmitted power further limits the coverage.

2. MAC Overhead: A lower UL duration decreases the number of MAC payload bits in relation to the header. For example, in IEEE 802.16e, each MAC PDU contains a 6-byte header and a 4-byte CRC for ARQ. Use of HARQ mandates an extra 2-byte CRC at the Physical Layer. Consequently, the throughput seen by upper layers degrades. Detailed examples of MAC PDU efficiency are provided in Table 2. If a VoIP service is carried by a system with a DL:UL ratio of 35:12, the 19.2kbps physical data rate can only support 16 bit vocoder payload every 5 ms, translating to an effective data rate of 3.2 kbps for the service flow. Such a low efficiency will be further reduced if 12 bytes of extra overhead are needed per MAC frame for AES-CCM.  MAC aspects for IEEE 802.16m are yet to be decided, but are expected to be similar, and similar issues can be seen. 
3. Robustness of Channel Coding:  In the reference IEEE 802.16e system, the most robust modulation and coding scheme (MCS) provided by the  OFDMA PHY option is rate-1/2 QPSK with 6 repetitions. Given this modulation and code, let us assume that the mobile terminal has already reached its uplink power limit and only one subchannel is allocated for maximum possible received energy per sub-carrier. For a DL:UL ratio 35:12, this code cannot be used with a single subchannel. Indeed, a limitation of one subchannel allows no more than 4 repetitions of the basic rate-1/2 codeword. While HARQ can extend coverage, the effective data rate will then be greatly reduced from 9.6 kb/s to below 3.2 kb/s. Here, we have factored the number of retransmissions into the data rate supported by the first transmission.  The most robust MCS (rate-1/2 QPSK with 6 repetitions) is only supported by a DL:UL ratio with higher UL allocation, e.g., 29:18.
Table 1: Most robust data rates supported by certain system configurations
	DL:UL ratio
	# subchannel
	# channel symbols
	MCS
	payload
	repetition factor
	data rate

	35:12
	1
	192
	QPSK, rate-1/2
	48 bits
	4
	9.6kbps

	29:18
	1
	336
	QPSK, rate-1/2
	48 bits
	6
	9.6kbps


Table 2: Upper-layer effective data rate and physical data rate

	# required subchannels
	total PHY payload bits
	MAC overhead
	MAC PDU payload
	PHY data rate 
	Effective data rate

	1
	96 (12B)
	80
	16
	19.2kbps 
	3.2kbps

	2
	128 (16B)
	80
	48
	25.6kbps 
	9.6kbps

	DL:UL ratio = 35:12

MCS: QPSK rate-1/2, 2 repetitions


4 Benefit of Uplink Subframe Aggregation over Multiple Frames
The benefit of uplink subframe aggregation over multiple frames is better coverage for better effective data rate seen by the higher layers. This is clearly demonstrated in Table 3 for the reference IEEE 802.16e system. However, it can clearly be inferred that similar advantages will be seen for IEEE 802.16m, even in a green-field scenario.  
The effective data rate is defined by dividing the number of MAC PDU payload bits with the total time duration of aggregated frames. As seen in Table 2 and Table 3, to deliver 9.6kbps uplink effective data rate, 2 subchannels must be used to provide sufficient number of channel symbols.
All the configurations shown in Table 3 deliver the same energy per information bit, thus have equivalent coverage performance.
Table 3: Illustration of coverage extension and upper-layer effective data rate improvement by using uplink subframe aggregation under DL:UL ratio = 35:12 with MCS = QPSK rate-1/2, 2 repetitions 

	# aggregated subframes
	total PHY payload bits
	MAC overhead
	MAC PDU payload
	PHY data rate 
	Effective data rate

	1 (1 subchannel)
	96 (12B)
	80
	16
	19.2kbps 
	3.2kbps

	2
	192 (24B)
	80
	112
	19.2kbps 
	11.2kbps

	3
	288 (36B)
	80
	208
	19.2kbps 
	13.86kbps

	4
	384 (48B)
	80
	304
	19.2kbps 
	15.2kbps


4.1.1 Comparison with Other Methods

Hybrid ARQ may be considered as an alternative to the uplink subframe aggregation methods proposed in this contribution. In this case, the improvement in coverage is achieved by the aggregation of energy due to combining of retransmitted blocks. However, HARQ requires the receipt of a NACK before a retransmission can occur, and thus incurs a significant delay compared to the method proposed in this contribution.  

Another alternative is the use of pre-emptive retransmissions. In this case, the MS is allocated resources to retransmit the data block multiple times without having to receive a NACK, and thus does not incur the delay due to the NACK messages. However, the effectiveness of this scheme is limited if only a limited number of coding rates and combining schemes are available. For example, due to the limited number of coding rates available in [1], and due to the limitation of using Chase Combining as specified in [3], we see low flexibility in using this method. Details are shown below. Moreover, the overhead due to the MAC header is present in each transmission and lowers the effectiveness of the method.

Table 4: Illustration of coverage extension and upper-layer effective data rate improvement by using pre-emptive retansmissions under DL:UL ratio = 35:12 with QPSK modulation 

	# repeated subframes
	total PHY payload bits
	MAC overhead
	MAC PDU payload
	Coding Rate
	PHY data rate
	Effective data rate

	2
	192 (24B)
	80
	112
	1/2
	19.2kbps
	11.2kbps

	3
	288 (36B)
	80
	208
	3/4
	19.2kbps
	13.86kbps

	4
	384 (48B)
	80
	304
	1
	19.2kbps
	15.2kbps


In Table 4, we illustrate the use of pre-emptive retransmissions with Chase combining to achieve comparable data rates to those achieved in Table 3 using uplink subframe aggregation, while keeping the Eb/No value the same. Since repetition by discrete values is achieved by the retransmission, each frame has to carry all the payload bits, thus the coding rate needs to be adjusted accordingly. For the case with two repeated frames, we find that rate-1/2 coding may be used, and the data rate and Eb/No achieved are equivalent compared to the use of uplink subframe aggregation with rate-1/2 coding and two repeats. However, when we go to three repeated frames, we find that a coding rate of 3/4 is needed on the basic transmitted block to achieve the same data rate. With the same Eb/No (which depends only on the number of payload bits, the time of transmission and the power), this will have worse performance than the use of a rate-1/2 code, as used in the uplink subframe aggregation concept. For the case of four repeated frames, we find that pre-emptive retransmission needs to use a code rate of 1 for the same data rate as the uplink subframe aggregation concept (with code rate of 1/2)  at the same Eb/No, and thus will have significantly worse coverage performance.  

Thus, it can be reasonably concluded that the use of subframe aggregation, as proposed in this document, has significant advantages over the use of H-ARQ or pre-emptive retransmission for similar purposes. 
5 Conclusions
This contribution proposes uplink subframe aggregation over multiple frames to increase effective uplink data rates at the cell edge and improve coverage. The proposal enables the usage of the most robust modulation and coding schemes in power limited cases for extended coverage. 
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