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1 Introduction
CoMP is considered for LTE-Advanced as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1]. For UL CoMP, the data transmitted from one UE can be received by all coordinated reception cells. The received data from all coordinated reception cells will be combined and decoded, and the decode result (ACK/NACK) then will be feed back to UE from the serving cell.

If all the coordinated reception cells for one UE are located in the same eNB, the received data can be joint decoded in the serving cell. But if the coordinated reception cells are in different eNBs, additional scheduling information and received data will be forwarded through X2 interface. 

Enhanced X2 interface capability in CoMP is FFS. Considering the X2 latency and capacity saving, there are four options of HARQ operation for UL CoMP. In this contribution, the impact on X2 latency, X2 capacity requirement and eNB complexity in the inter-eNB UL CoMP condition are analyzed.
2 Discussion
For UL CoMP, if the coordinated reception cells are not in the same eNB, the HARQ operation based on the current LTE operation is the option 1 (reference case).
Option 1 (Reference Case): physical data packet before decoding is always forwarded 

The received data (physical bit streaming before decoding) from non-serving eNB is forwarded to serving eNB on X2, and the serving eNB takes charge of joint decoding.
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Figure.1 HARQ operation for option1
Complexity requirement
As all the received data is forwarded to serving eNB for joint decoding, only once decoding is needed in serving eNB.
Capacity requirement on X2
As physical bit streaming is N (usually 5~10) times larger than MAC PDU and each coordinated reception cell which is in the non-serving eNB would forward its received data to the serving eNB, if none of multiple coordinated reception cells (M) are in the serving eNB, the requirement for X2 capacity is (
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) times larger than MAC PDU transmission for one time coordinated reception. 
Latency requirement
For satisfying the HARQ RTT, the total latency including the serving eNB processing time, propagation roundtrip time, and backhauling latency should be considered. It is assumed that eNB processing time is 1ms (based on LTE discussion), X2 latency is 2~10ms, propagation roundtrip time is much less than others and can be omitted. The total latency is 3~11ms. 

For FDD, the HARQ feedback is fixed on the fourth TTI of HARQ RTT. Thus, if the total latency is longer than 3ms, HARQ RTT will not be satisfied. While for most of the subframes of TDD (configuration 2, 3, 4, 5 and configuration 0, 1, 6 with preclude of subframe#2 and subframe#7), as described in table1, the HARQ feedback is on the 6th TTI of HARQ RTT. Therefore the total latency can be relaxed to 5ms. If the minimum value can be reached, the HARQ RTT is satisfied. Otherwise, the HARQ feedback for joint decoding will at the second HARQ RTT after the new transmission. 
Table1. kPHICH for TDD
	TDD UL/DL Configuration
	UL subframe index n
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If the total latency is not satisfied HARQ RTT, the re-transmission for this data packet will at the second HARQ RTT after the new transmission. 

For capability limitation on X2, two issues should be considered in HARQ operation in UL CoMP:

· Issue1: the data only be forwarded on-demand; 

· Issue2: non-serving eNB forward type: physical data packet before decoding, hybrid MAC PDU and physical data packet before decoding based on the non-serving eNB local decoding; 

2.1 On-demand data forwarding

Considering the issue 1, we have the option as following
Option 2: physical data packet before decoding are forwarded only if requested by serving eNB

Serving eNB decode based on the local received data packet and feedback to UE. If the serving eNB decoding is ACK, it can be feedback at current RTT. This UL coordinated reception is finished. Otherwise, serving eNB will request non-serving eNB to forward the received data packet for joint decoding. Non-serving eNB then forward the physical data packet before decoding to serving eNB for joint decoding.

[image: image3.wmf]UE

Non

-

serving eNB

Serving eNB

Physical data packet 

Serving eNB perform decoding 

based on local received data firstly

. 

Forward Request

HARQ Feedback


Figure.2 HARQ operation for option2
Complexity requirement
At the worst case e.g. the serving eNB first decoding is NACK, there are two times decoding in the serving eNB.

Capability requirement on X2
Only when serving eNB decode based on local received data is unsuccessful, serving eNB can require the non-serving eNB to forward receive data. Thus, comparing with option2.1, the capability requirement reduces (1- BLER of Serving-eNB). E.g. assuming the BLER of serving eNB is 20%, the reduction is 80%.

Latency requirement
Comparing with option1, the total latency to get joint decoding result includes the additional time latency of serving-eNB decoding (1ms) and X2 transmission latency (2~10ms). Thus it is in the 6~22ms。

From the analysis above, we can see:
Conclusion: the on-demand forwarding method could reduce the capability requirement on X2 significantly
2.2 Forwarded-data packet type

There are two types of forwarded-data packet from non-serving eNB:

1. Only physical data packet before decoding (option1 and option2)

2. Hybrid type: non-serving eNB decoding based on the local received data packet, and if decoding result is ACK, MAC PDU is forwarded. Otherwise, physical data packet is forwarded (option3).

Option 3: Hybrid data packet (physical data packet before decoding or MAC PDU) are forwarded only if requested by serving eNB.
In this case shown in figure 3, received data in coordinated reception cells will be decoded locally in both serving eNB and non-serving eNB separately. Only when the serving eNB decoding is NACK and request to forward, non-serving eNB will forward MAC PDU or physical data packet to serving eNB based on the non-serving eNB decoding result.
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Figure.3 HARQ operation for option3
Complexity requirement
At the worst case that neither serving eNB nor non-serving eNB local decode is NACK, three times decoding should be performed.
Capability requirement on X2
Comparing with option1, assuming size of MAC PDU is 5~10 times less than physical data packet, the capability requirement for option3 reduces 1-{(BLER of Serving eNB)×[(1- BLER of Non-Serving eNB)×(0.125)+ BLER of Non-Serving eNB]}. E.g. if the BLER of serving eNB is 20%, BLER of non-serving eNB is 50%, size of MAC PDU is an eighth of physical data packet, the reduction is 89%.
Latency requirement
As the separate decoding is completed at the same time both in serving and non-serving eNB, the total latency to get joint decoding result is the same as the option2 in 6~22ms.

Comparing with option2 and option3, the total latency is the same and the capability requirement on X2 for option3 is better than option2. Thus, considering the X2 limitation, on-demanding hybrid HARQ operation is the suitable.

Conclusion: hybrid forwarding method could further reduce the capability requirement on X2 
For option 2 and option3, the total latency to get the joint decoding result is 6~22ms. If the maximum X2 latency and eNB decoding processing time is not reduced, the total latency is longer than HARQ feedback TTI in the second RTT after the new transmission (e.g. for FDD 11ms). Re-transmission will be in the third HARQ RTT after the new transmission which is not acceptable for time-urgent service e.g. VoIP. Thus, if the total latency is not acceptable, option4 can be considered:

Option 4: Hybrid data packet (physical data packet before decoding or MAC PDU) is always forwarded.
In this case, received data in coordinated reception cells will be decoded locally in both serving eNB and non-serving eNB separately. If the non-serving eNB can decode successfully, MAC PDU will be forwarded to serving eNB. If not, physical bit streaming will be forwarded.
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Complexity requirement
At the worst case that neither serving eNB nor non-serving eNB local decode is NACK, three times decoding should be performed.
Capability requirement on X2
Comparing with option1, assuming size of MAC PDU is 5~10 times less than physical data packet, the capability requirement reduces (1- BLER of Non-Serving eNB) ×(0.875). E.g. if the BLER of serving eNB is 20% and BLER of non-serving eNB is 50%, size of MAC PDU is an eighth of physical data packet, the reduction is 44%
Latency requirement
Comparing with option1, the latency for decoding processing is added in non-serving eNB, the total latency to get joint decoding result is in 4~12ms. It nearly satisfies HARQ feedback timing in the second RTT after the new transmission (e.g. for FDD 11ms), and the re-transmission is in the second RTT after the new transmission.
3 Conclusion
Considering the impact on X2 latency, X2 capacity requirement and eNB complexity, four options for HARQ operation of UL CoMP are discussed in this contribution. 
· Option 1: Physical data packet before decoding is always forwarded;

· Option 2: Physical data packet before decoding are forwarded only if requested by serving eNB
· Option 3: Hybrid data packet (physical data packet before decoding or MAC PDU) are forwarded only if requested by serving eNB
· Option 4: Hybrid data packet (physical data packet before decoding or MAC PDU) is always forwarded.
The impact on total latency to get joint decoding, X2 capacity requirement, eNB processing complexity is shown in Table1 below. For latency calculation, it is assumed that the X2 latency is 2~10ms, eNB decoding processing time is 1ms. For X2 capacity requirement, it is assumed that the size of physical data packet is (5-10) times larger than MAC PDU and BLER for serving eNB is 0.2, BLER for non-serving eNB is 0.5.
Table2 

	
	
	Total Latency (ms)
	Capacity Requirement

（e.g. BLER for serving eNB is 0.2, BLER for non-serving eNB is 0.5, size of MAC PDU is an eighth of physical data packet）(bps)
	eNB Decoding Num

	Direct  data forwarding
	Option 1 

(PHY data packet)
	3~11
	C1 

(1)
	1

	
	Option 4 

(hybrid)
	4~12
	[(1- BLERN)×(0.125)+ BLERN]C1 

(0.56)
	2~3

	On-demand data forwarding
	Option 2

(PHY data packet)
	6~22
	(1- BLERS) C1

(0.2)
	1~2

	
	Option 3

(hybrid)
	6~22
	{BLERS×[(1- BLERN)×(0.125)+ BLERN]}C1 

 (0.11)
	2~3


As the X2 latency is introduced, considering the particularity of the HARQ Timing of TDD that, for most of the subframes of TDD (configuration 2,3,4,5 and configuration 0,1,6 with preclude of subframe#2 and subframe#7),as description in table1, the HARQ feedback is on the 6th TTI of HARQ RTT. Furthermore, the total latency can be relaxed to 5ms. Thus, we propose that:

Proposal 1: it is proposes that for most of the subframes of TDD, the latency requirements could be relaxed a little bit than FDD.

The estimation is showed in above table, even for the TDD case, the joint decoding result may not be feedback to UE at the current HARQ feedback TTI. Considering the impact on HARQ feedback TTI for UE, we propose that:

Proposal 2: it is proposed, for R10 UE, whether it is needed to delay the feedback TTI in HARQ RTT may be discussed in RAN1.

Considering the trade-off between the latency and the X2 requirement, option4 is suitable, with the condition that the backhaul latency not large to 9ms. It can guaranty the join decoding feedback in the second RTT, and the X2 capacity requirement reduced to be half of the reference case. So we propose: 
Proposal 3: For UL CoMP HARQ operation, MAC PDU should be forwarded on X2 if local decoding in non-serving eNB is successful. 
We further advise to consider the on-demand forward method in future if the X2 latency is significantly reduced.
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