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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#53 meeting, CoMP WI was approved [1] and will last for 6 months. Since CoMP is entering the WI phase, more attention should be paid to the standard support such as the CSI feedback and supported CoMP transmission schemes. As is agreed in [1], individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. During CoMP SI phase, most companies proposed CoMP schemes based on the per point feedback, while aggregated CSI feedback receives little attention. Also, in DL MIMO enhancement SI, there are scenarios for which to consider the CSI feedback of geographically-separated antennas, where a UE may not be aware that the antennas are not co-located.
In this contribution, the pros and cons of the aggregated CSI feedback and per point feedback are briefly reviewed and then an aggregated CSI feedback scheme is proposed and finally conclusions are drawn based on the simulation results.

2 [bookmark: _Ref129681832]Aggregated CSI feedback scheme
2.1 Comparison of per point feedback and aggregated CSI feedback
The aggregated CSI feedback refers to a class of methods where CSI feedback does not correspond to antennas of a single TP but span across multiple TPs. The aggregated CSI feedback is similar to that of the global CSI feedback [2]. The differences lie in that the latter is limited to the CSI that corresponds to all the antennas within UE’s CSI measurement set, while the former may downselect the antennas. The main motivation of the aggregated CSI feedback is to feedback a single instance of RI/PMI/CQI for multiple TPs.
The advantages of aggregated CSI feedback lie in the following points. Firstly, it can provide the optimum performance, if the codebook can be designed with the receive power imbalance, channel correlation between and within TPs into consideration. Secondly, it simplifies the feedback procedures since only one instance of RI/PMI/CQI is required and no coordination of the CSI feedback between multiple TPs is required. The existed feedback mechanisms can be easily reused.
On the other hand, the possible cons also exist. Firstly, the aggregated CSI feedback is not as flexible as per point feedback. For example, when UE feedback multiple TPs’ CSI, but eNodeB schedules a subset of TPs to be jointly transmitted, then this will result in a CSI mismatch since CQI is calculated by assuming all the TP to participate in the transmission. Secondly, the size of codebook optimized for aggregated CSI feedback may be too huge since a variety of situations should be considered in the design process such as there being CPA (Cross-polar Array) and ULA (Uniform Linear Array) antennas simultaneously within the CSI reporting set.
However, the aggregated CSI feedback can be compatible to the per point feedback. For example, if UE’s CSI reporting set is configured with 8 antenna ports on several TPs, the aggregated CSI feedback makes it possible to feedback one instance of CSI corresponding to 8 antennas ports instead of restricted to per point feedback. Another example might be if UE’s CSI reporting set is configured with 12 antennas, obviously there is no defined 12 Tx codebook for aggregated CSI feedback. Then two CSI instances corresponding to 4 and 8 antenna ports can be feedback using the per point CSI feedback method, but for antennas within 4 and 8 antenna ports it still can be aggregated CSI feedback. More per point feedback discussions can be found in [3].
Proposal 1: The aggregated CSI feedback can be used as a complement to the per point CSI feedback.

2.2 Proposed aggregated CSI feedback scheme
The proposed aggregated CSI feedback scheme is to feedback the PMI that corresponds to all the TPs within UE’s CSI reporting set. The details of this method can be described as the following steps.
Step 1: Concatenate the TP’s channels that are assumed to participate in the joint transmission.
Step 2: The codebook is defined as follows. Select a best PMI to match the concatenated channel according to some criterion.

									(1)
Where W1 is a diagonal matrix, whose value corresponds to the amplitude of different TPs. W2 is the constant power codebook that can capture the channel’s small scale fading features. Current codebooks defined in Release 10 can be reused as W2. Then UE feedbacks the PMI corresponding to W2.
Step 3: eNodeB gets the W1 via channel reciprocity, because the receive power is a kind of long term statistics and gets W2 via the feedback PMI and then restores the W.
The main motivations here are that the receive power imbalance is captured in W1, while the channel’s small scale fading characteristics are captured in W2. Since the codebooks in Release 10 are designed to focus on the small scale fading, then it is possible to reuse them as W2. There is only one PMI instance to feedback, which greatly simplifies the feedback procedures.

2.3 Evaluation results
The CSI feedback methods are compared based on the CoMP transmission scheme proposed in [4], where each time UE reports CSI, it either selects the macro TP or four LPNs for joint transmission, and then reports the corresponding CSI. Each TP is equipped with two transmit antennas. Three different CSI feedback methods are compared.
· Per point method. UE reports the PMI corresponding to each TP and the phase adjustment factor between each two TPs. The LTE Release 8 codebook is assumed for two transmit antennas if not otherwise mentioned and a 16QAM symbol functions as the phase adjustment factor, which results in 20 bits per feedback for 4 LPNs and 2 bits for the macro TP. The receive power per TP is assumed to be estimated at both the eNodeB and UE side.
· Hierarchical method [5]. UE reports the serving point’s PMI and the phase adjustment factor between each two TPs. The channel covariance matrix per point is assumed to be known at both the eNodeB and UE side. This method results in 14 bits per feedback.
· Aggregated method. UE reports the PMI corresponding to four LPNs TP’s channel. The Release 10 eight transmit antenna codebook is used, which results in 8 bits per feedback for 4 LPNs and 2 bits for the macro TP. The receive power per TP is assumed to be estimated at both the eNodeB and UE side.
The simulation results are shown in Table 1. Detailed simulation assumptions can be referred to [4]. The per point CSI feedback method is used as the baseline. 
Table 1 Performance gain over per point method
	configuration
	Codebook
	Cell average SE
(bps/Hz)
	5% Cell edge SE
(bps/Hz)

	
ULA config1
	per point
	0.00%
	0.00%

	
	hierarchical
	0.37%
	0.16%

	
	aggregated
	10.15%
	0.31%

	CPA config1
	per point
	0.00%
	0.00%

	
	hierarchical
	-0.57%
	2.31%

	
	aggregated
	1.11%
	1.81%

	ULA config4b
	per point
	0.00%
	0.00%

	
	hierarchical
	0.46%
	1.43%

	
	aggregated
	15.18%
	0.24%

	CPA config4b
	per point
	0.00%
	0.00%

	
	hierarchical
	-0.47%
	-0.12%

	
	aggregated
	0.86%
	0.81%



From the simulation results, considerable cell average gain can be acquired with ULA antenna configuration, and other configurations also enjoy throughput gain. Note that these gains are acquired with much lower feedback overhead. Although the current Release 10 codebook is reused, which is originally designed for co-located antennas, there is still performance gain for aggregated CSI feedback method. Since no inter-point phase is required to feedback, the aggregated CSI method can save feedback overhead. The aggregated CSI feedback can make the feedback be transparent to UE, since no matter the CSI-RS is configured co-located or among TPs, UE carries out the same feedback procedure and reports one CSI instance.

Observation:
· Aggregated CSI feedback for multiple transmission points has performance gain over per point CSI feedback while its feedback overhead is lower.

Proposal 2: The aggregated CSI feedback for CSI-RS configured among different TPs can be beneficial.
3 Conclusions
In this contribution, different multi-point CSI feedback methods are compared. The aggregated CSI feedback is obviously not as flexible as the per point CSI feedback but can act as a complement to the per point feedback in some scenarios due to its simplicity and low overhead. Aggregated CSI feedback can offer performance gains over per-point CSI feedback with lower overhead.
Observation:
· Aggregated CSI feedback for multiple transmission points has performance gain over per point CSI feedback while its feedback overhead is lower.


Based on the analysis, the following are proposed:
Proposal 1: The aggregated CSI feedback can be used as a complement to the per point CSI feedback.
Proposal 2: The aggregated CSI feedback for CSI-RS configured among different TPs can be beneficial.

Evaluations in this paper were limited to the Rel-8 and Rel-10 codebooks. However, more investigations would be useful for optimizing the codebooks for aggregated CSI feedback.
Proposal 3: Whether to reuse the existing codebook in Release 10 for the aggregated CSI feedback is FFS.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] RP-111365,“Coordinated Multi-Point Operation for LTE – Downlink Core Part”, RAN#53, September, 2011.
[2] R1-112371, “Discussion on Downlink MIMO CSI Enhancement in CoMP”, Research In Motion, 3GPP TSG RAN WG1 meeting #66, Athens, Greece, August 22-26, 2011.
[3] R1-112896, “Framework for multi-point CSI feedback enhancements for CoMP” , Huawei, HiSilicon, 3GPP TSG RAN WG1 meeting #66bis, Zhuhai, China, October 10-14, 2011.
[4] R1-112039, “Full buffer performance evaluation of DL JT in scenarios 3 and 4”, Huawei, HiSilicon, 3GPP TSG RAN WG1 meeting #66, Athens, Greece, August 22-26, 2011.
[5] R1-100257, “Hierarchical Feedback from Single-cell MIMO to Multi-cell MIMO”, Huawei, 3GPP TSG RAN WG1 meeting #59bis, Valencia, Spain, January 18-22, 2010.
image1.wmf
2

1

W

W

W

×

=


oleObject1.bin

