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1. Introduction
In RAN1 #66bis, the discussion on CSI feedback schemes for CoMP has reached the working assumption that a common feedback/signaling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB should be standardized. 
· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 
And in RAN1 #67 it is agreed that the CSI feedback for DL CoMP uses at least the per-CSI-RS-resource feedback. However, such a framework can support only non-coherent JT CoMP, whose performance is not optimized according to many companies’ simulation results. 
In this contribution, we will discuss the necessity of aggregated feedback. In section 2, the aggregated feedback realization methods through CSI-RS configuration are provided. In section 3, the performance gain of aggregated feedback is shown.
2. CSI-RS configurations to support aggregated feedback
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Fig. 1(a). TP-shared CSI-RS configuration       Fig. 1(b). TP-independent CSI-RS configuration

Aggregated feedback can be supported based on eNodeB determined TP-shared CSI-RS-resource [1][2]. In this scheme the eNodeB will configure one CSI-RS-resource across multiple TPs. UE doesn’t have to distinguish different TPs when calculating the CSI. Since antennas from different TPs are mapped into different ports of one CSI-RS-resource, the geographically distributed TPs are assumed as co-located arrays, which implicitly resulting in  the aggregated PMI and CQI across multiple TPs being calculated. The example of TP-shared CSI-RS-resource is shown in Fig. 1(a).
In another realization of aggregated feedback, CSI-RS-resources are independently configured for each TP. UE has to be explicitly signaled to generate aggregated feedback across multiple CSI-RS-resources [1][3]. In this method, UE have to form unified channel matrix based on the channel estimation results of all the CSI-RS-resources, and search for the best PMI or calculate the related CQI. The example of TP-independent CSI-RS-resource is shown in Fig. 1(b).

Characteristics of aggregated feedback based on two CSI-RS resource configuration methods are listed below:

Table 1. Characteristics of aggregated feedback realization methods
	Method
	Analysis

	Aggregated feedback based on TP-shared CSI-RS-resource
	· Almost transparent to UE on feedback requirement, align with the per-CSI-RS resource feedback

· In scenario 1, 2 and 3, considering backward compatibility, different CSI-RS sequence & Pc for different ports within one CSI-RS-resource may be required.[4]

	Aggregated feedback across TP-independent CSI-RS-resources
	· Extra high layer signaling needed to indicate UE whether to perform aggregated feedback and how TPs are mapped into the aggregated channel

· UE should support multiple non-zero CSI-RS resources simultaneously.


It should be noted that the combination of these 2 schemes is possible. For example, if the CoMP measurement set contains 3 TPs, which are all equipped with 2 Tx antennas, 1 TP-shared 4 Tx CSI-RS-resource and 1 TP-independent 2Tx CSI-RS-resource can be configured to the UE. This can solve the problem that the total number of Tx antennas in the measurement set may not match the current codebooks.
3. Simulation results
To show the performance of aggregated feedback, we have adopted 2 schemes for simulation and comparison. 
Scheme 1 (baseline): non-coherent JT based on per-CSI-RS-resource feedback.
Scheme 2: aggregated PMI + aggregated CQI. Feedback in this scheme can be directly derived based on TP-shared CSI-RS-configuration, or can be generated by UE through calculation across TP independent CSI-RS-resources. 

In the simulation, we assume 2 Tx antennas are equipped at both transmitter and receiver side. Rel.8 2 Tx codebook is utilized for per-CSI-RS-resource feedback generation. For simplification, at most 2 cells whose RSRP value is higher than pre-defined threshold can be included into CoMP measurement set [4]. The interference assumption and post-combining CQI calculation method are the same as [5]. And for each scheme, the subband PMI and CQI reporting are adopted. The overhead of each scheme is analyzed in table 2.
Table 2. Simulated schemes and overhead analysis

	Feedback Scheme
	Feedback Components
	Overhead

	Scheme 1: non-coherent JT (baseline)
	Per-CSI-RS resource feedback for two CSI-RS-resources;
	WB: 1(RI) x 2 = 2 bits

SB: 4 (CQI) x 2 + 2 (PMI) x 2 = 12 bits

	Scheme 2: aggregated PMI plus aggregated CQI
	Aggregated PMI and CQI across two CSI-RS-resources in the CoMP measurement set.
	WB: 2 bits* 
SB: 4 (CQI) x 1+ 4 (PMI) x 1 = 8 bits


* Although we restrict the rank for simulation as 1, it is theoretically possible for UE to report rank > 1 based on TP-shared CSI-RS-resource, since a 4 Tx array is observed by the UE.
The simulation results are shown in table 3. It is observed that for both configuration 1 and configuration 4b, aggregated feedback can obviously improve both cell-edge UE throughput and cell average throughput, compared with the non-coherent JT. Therefore we think it is worthwhile to allocate more UL bits to enable aggregated feedback, if necessary. 
Table 3. Performance gain of scheme 2 over scheme 1
	Configuration 
	Cell-edge UE throughput gain (%)
	Cell-average throughput gain (%)

	X-pol. arrays, UE distribution config. 1
	16.51
	6.01

	X-pol. arrays, UE distribution config. 4b
	19.52
	6.22

	Co-pol. arrays, UE distribution config. 1
	22.09
	5.80

	Co-pol. arrays, UE distribution config. 4b
	20.21
	9.72


Observation: The aggregated feedback scheme can improve the system performance compared with the non-coherent JT based on per-CSI-RS-resource feedback.
Based on the discussion on aggregated feedback realization and the simulation results, we propose:

Proposal: Aggregated feedback should be supported to optimize JT CoMP. At least one method should be selected for the realization:

· Aggregated feedback based on TP-shared CSI-RS-resource;

· Aggregated feedback across multiple TP-independent CSI-RS-resource

4. Conclusion:

In this contribution, we first analyzed the possible realization method of aggregated feedback. After that, the simulation results is provided to show that aggregated feedback can achieve performance gain compared with the non-coherent JT based on the per-CSI-RS-resource feedback. Therefore our proposal is:

Proposal: Aggregated feedback should be supported to optimize JT CoMP. At least one method should be selected for the realization:

· Aggregated feedback based on TP-shared CSI-RS-resource;

· Aggregated feedback across multiple TP-independent CSI-RS-resource
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Appendix

Table 3 Simulation assumptions

	Parameters 
	Assumption 

	CoMP scenario
	Scenario 4: Heterogeneous network with intra-site CoMP

	Channel model 
	ITU UMa for macro, UMi for low power node

	System BW 
	FDD 10MHz 

	Network synchronization
	TPs of the same site are synchronized

	Antenna configuration
	For macro eNB and high power RRH:

2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |
For UE: 2 Rx antennas, X-polarized or co-polarized according to Tx antenna configuration.

	Number of UEs
	According to 36.814, configuration 1 and configuration 4b

	UE speed 
	3km/h

	Receiver option
	MMSE option 1.

	Channel estimation
	Real

	Transmission scheme
	SU-MIMO with rank adaptation. Maximum rank-2 for non-CoMP UEs, rank-1 for CoMP UE

	Maximum number of  feedback set,
TP selection RSRP threshold 
	(2, 5dB) 

	CSI feedback
	Rel.8 Codebook. CQI and PMI with 6 PRB subband size.

	DL overhead 
	PDCCH: 3 symbols for PDCCH, 
CRS: 2 ports legacy overhead

DM-RS: 12/PRB for both single and CoMP transmission

CSI-RS: 1 RE/port/PRB per 5 ms

	Scheduler 
	Greedy search algorithm based on PF metric 

	Traffic load 
	Full buffer

	HARQ
	Maximum 4 retransmissions, Chase Combining























