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Uplink Subframe Aggregation
Sten Sjoberg, Stefan Lindgren, Anders Lamm and Havish Koorapaty
Ericsson AB, Sweden
1 Summary
This contribution proposes a logical aggregation of consecutive UL subframes to carry one MAC PDU (medium access control protocol data unit) burst. The benefits of aggregation of UL subframes are:

1. Improved coverage with an extension of cell range for Mobile Stations (MS) by allowing the use if 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 
5. Decrease of MAC overhead to increase the effective data rate seen at the MAC layer. 
The proposal does not impact users that are incapable of the feature.

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 into one data burst 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. The uplink burst profile encoding in UCD that corresponds to UIUC may be assigned new TLV values for cross-frame logical UL data bursts. Alternatively, the coded data bursts can be repeated, in an HARQ-like manner, without intermittent UL subframes. Lastly, the uplink subframe aggregation may also be indicated by new extended UIUC-dependent or UIUC2-dependent IE of the UL MAP IE for the number of physical layer UL subframes that should be treated logically as one encoded packet. This last solution is proposed as the method for aggregating subframes in this contribution.
2 Background

IEEE 802.16e accommodates asymmetric traffic by allocating unequal numbers of symbols to downlink and uplink subframes; this is illustrated in Figure 1. For example, DL/UL values of the 5/10MHz reference system range from 35:12 to 26:21, with increments of 1 UL OFDM symbol and the total number of DL and UL symbols being 47 within a frame duration that spans 48.6 symbols, including guard and transceiver switching time.
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Figure 1: WirelessMAN OFDMA Reference Systems TDD frame with downlink and uplink subframes

Several inefficiencies can be identified with the existing UL subframe allocation:

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 MS’s 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 has a single degree of freedom —time alone can be used to enable the receiver to accumulate more energy per information bit. The typically shorter UL duration, combined with the different order of maximum transmitted power UL, further limits the coverage.

2. MAC Overhead: As the power limiting case imposes constraints on the accumulated energy per information bit, the number of MAC payload bits decreases as the UL duration becomes shorter. . In addition to the payload, each MAC PDU contains a 6-byte header and a 4-byte CRC for ARQ. If HARQ is enabled, extra 2-byte physical layer CRC is mandatory by the current standards. As a result, the percentage of overhead associated with each MAC PDU increases. and 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 REF _Ref171407501 \h 
 \* MERGEFORMAT , the 19.2kbps physical data rate can only support 16 bit vocoder payload every 5 ms, translating to 3.2kbps effective data rate for the VoIP service flow. The efficiency is obviously too low, even without accounting for 12 bytes of extra overhead per MAC frame for AES-CCM. 
3. Robustness of Channel Coding:  The most robust modulation and coding scheme (MCS) provided by 802.16 OFDMA 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 only 4 repetitions of the basic rate-1/2 code. While the coverage can be extended with the use of Hybrid Automatic Repeat Request (HARQ), the effective data rate will 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 DL/UL ratio with higher UL allocation, e.g., 29:18.
Table 1: Most robust data rate supported by certain system set-up

	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. UL-MAP IE overhead on the downlink: Continuing the example of the system with DL/UL ratio of 35:12 REF _Ref171407501 \h 
 \* MERGEFORMAT , let us examine the downlink overhead requirement for delivering 48 bits of MAC PDU payload. For a cell-edge power-limited MS, the BS allocates one subchannel and rate-1/2 QPSK with 2 repetitions to maximize its coverage. From Table 2 REF _Ref171407501 \h 
 \* MERGEFORMAT , three uplink subframes, hence three UL-MAP’s, are need to carry 48 bits of MAC PDU payload. Each UL MAP IE requires 32 bits for an uplink data burst (16-bit CID, 4-bit UIUC, 12 bits for duration and repetition coding indication). Thus the downlink overhead (32 bits) used to schedule each uplink subframe (with a MAC PDU payload of 16 bits) becomes excessive for providing coverage to the cell-edge mobile terminals.
2.1 Benefit of Uplink Subframe Aggregation

The benefit of uplink subframe aggregation is better coverage for better effective data rate seen by the higher layer. This is clearly demonstrated in Table 3. 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


3 Description of Proposed Uplink Subframe Aggregation

The aggregation of UL subframes is illustrated in Figure 2. The slots from all the allocations are combined and processed in the same way as an allocation in a single frame that contains the total number of slots. The ordering of slots and the mapping of data onto the slots allocated in a single sub-frame remains unchanged. Ordering between sub-frames is done so that data carried by slots from earlier sub-frames appears earlier in the transmitted PDU than data carried by slots from later sub-frames.
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Figure 2: Example of a frame structure with aggregated uplink subframes with aggregation over 3 frames. While the illustration shows slot allocation, the corresponding illustration for block allocation is very similar.
3.1.1 Signalling
Figure 2 also illustrates the signaling changes needed for UL Subframe Aggregation. The UL-MAP message is used with the Extended-2 UIUC IE format which in turn encapsulates an Uplink Frame Aggregation IE. The Uplink Frame Aggregation IE contains three fields, the number of frames over which the allocation extends, a Continuation Flag, and the Aggregated UL-MAP IE. The Continuation Flag indicates whether the subframe for the allocation is the first, intermediate or last one of the total number of frames that the allocation spans over.
The Aggregated UL-MAP IE is a simplification of the existing UL-MAP IE and does not include a CID. Moreover, the Aggregated UL-MAP IE will only use those UIUC values that can logically be used to constitute an aggregation of UL subframes. Thus, the proposal ensures a minimum addition of overhead. 
4 Proposed Text
(1) Change to UL-MAP Extended-2 IE format: Please change Table 367 as follows

8.4.5.4.4.2 UL-MAP Extended-2 IE format

[image: image3.emf]
	0B
	 Uplink frame aggregation IE

	0C…0D
	  Reserved
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(2) Please add Section 8.5.4.29
8.4.5.4.29 Uplink Frame Aggregation IE

This IE is used to define the starting allocation of a set of allocations in consecutive frames that will be aggregated together at the receiver. The allocations in subsequent frames 2 through N_frames that correspond to that same aggregated allocation will be made using the same UIUC as used in the UL_MAP_IE included in Table 424a. Additionally, the BS shall send an Uplink Frame Aggregation IE to the MS to assign allocations in subsequent frames 2 through N_frames. The composition of coded blocks as defined by the slot concatenation rules for various coding schemes will be based on the total number of slots in the aggregated allocation.
The Continuation Flag indicates whether the UL-MAP corresponds to the first frame, an intermediate frame or the last frame of the total number of frames in the allocation.
Table 424a Uplink Frame Aggregation IE Format

	Syntax
	Size (bits)
	Note

	UL_Frame_Aggregation_IE () {
	---
	---

	            N_frames
	4
	Allocations over the next N_frames frames should be aggregated and processed together

	            Continuation_Flag
	2
	00 indicates the first frame in the aggregated allocation;

01 indicates a continued frame;

10 indicates the last frame;

11: Reserved

	            Aggregated_UL_MAP_IE
	variable
	See Section 8.4.5.4: This UL_MAP IE will not contain an Extended-2 UIUC code of 0B.

	}
	---
	---


(3) Add Section 8.5.4.30
8.4.5.4.30 Aggregated UL-MAP IE format

The Aggregated UL-MAP IE specifies UL bandwidth allocations using the same mechanisms used by the UL-MAP IE defined in Section 8.4.5.4.
Table 424b: Aggregated UL-MAP IE Format
	Syntax
	Size (bits)
	Note

	Aggregated_UL-MAP_IE () {
	---
	---

	     UIUC
	4
	---

	     If (UIUC == 11) {
	---
	---

	         Extended UIUC 2 dependent IE
	Variable
	See 8.4.5.4.4.2. Some Extended-2 UIUC code assignments may not be used.

	     }
	
	

	     else if (UIUC > 0) & (UIUC < 11) {
	---
	---

	          Duration 
	10
	In OFDMA slots (see 8.4.3.1)

	          Repetition coding indication
	2
	0b00: No repetition coding 
0b01: Repetition coding of 2 used 
0b10: Repetition coding of 4 used 
0b11: Repetition coding of 6 used

	          if (AAS or AMC UL Zone) {
	---
	AAS/AMC Allocations include absolute slot offset.

	               Slot offset
	---
	Offset from start of the AAS or AMC zone for this allocation, specified in slots.

	          }
	
	

	     }
	
	

	}
	
	


The fields in Table 424b are defined exactly in the same way as the corresponding fields of the UL-MAP IE shown in Table 360 and defined in Section 8.4.5.4.
(4) Add the following text at the end of section 8.4.4.5
8.4.4.5 UL Transmission Allocations

When uplink frame aggregation is used (section 8.4.5.4.29), allocations in consecutive frames to an MS are treated as a single aggregated burst. The rules for fitting coded blocks within the aggregated allocation are the same as those for a non-aggregated allocation. The number of slots in the aggregated allocation are used as input to the appropriate rules. The transmission of bits starts from the first frame of the allocation and continues to subsequent frames of the allocation with the last bit being transmitted at the end of the last frame of the allocation.
(4)  Add to OFDMA MAP Capability as follows

11.8.3.7.12 OFDMA MAP Capability
	Type 
	Length 
	Value 
	 Scope 

	172
	1
	Bit 0: HARQ MAP Capability

Bit 1: Extended HARQ IE capability

Bit 2: Sub MAP capability for first zone

Bit 3: Sub MAP capability for other zones

Bit 4: DL region definition support
Bit 5: UL frame aggregation support

Bits 6-7: Reserved
	SBC-REQ (see 6.3.2.3.23)
SBC-RSP (see 6.3.2.3.24)


5 Conclusions
This contribution proposes uplink subframe aggregation 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. It also avoids unnecessary MAC overheads to increase the effective data rate seen at the MAC layer. 
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