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1. Introduction

In RAN1 #67 meeting, it was agreed that the CSI feedback for DL CoMP uses at least the per-CSI-RS-resource feedback. Based on the agreement, the issue of enhancement to such a feedback framework, especially for coherent JT realization, is raised by many contributions. In RAN1 #68 meeting the inter-CSI-RS-resource phase feedback in addition to the per-CSI-RS-resource feedback are discussed. The main concerns on such an enhancement include:
· Aggregated CQI is more important [1][2];
· Performance gain is not obvious [3][4][5];
· Overhead increase [2][4][6];
· Feasibility of frequency and time-domain synchronization [6];

· Processing complexity and testing;

In this contribution, we focus on the first 2 concerns on inter-CSI-RS-resource feedback. The simulation results are provided to compare the performance of coherent JT and non-coherent JT (either the aggregated CQIs are reported or not). The observations on performance gain are then provided based on the results.

2. Performance evaluation of inter-CSI-RS-resource feedback
The most important issue for inter-CSI-RS-resource information being supported in Rel. 11 is whether it can obviously improve the system performance compared with non-coherent JT, which can be simply implemented based on the per-CSI-RS-resource feedback. Therefore, several JT schemes have been simulated for comparison in CoMP scenario 1. We assume 2 Tx X-pol. antennas are equipped at both transmitter and receiver side. Rel.8 2 Tx codebook is utilized for per-CSI-RS-resource feedback generation. When calculating per-CSI-RS-resource CQIs, the UE takes only interference outside the CoMP measurement set into account. For simplification, at most 2 cells whose RSRP value is higher than the pre-defined threshold [7] are allowed to be included into CoMP measurement set. When JT is employed, the rank is assumed fixed to 1, and the post-combining CQI is generated through [8]:
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The fallback to single point transmission is possible when CoMP measurement set size > 1. In this situation the CQIs for the single point transmission is calculated as:



[image: image2.wmf].

1

2

,

å

¹

+

=

j

i

N

i

i

j

j

JT

CQI

CQI

CQI


(2)
The simulation assumption details can be found in appendix. The component and overhead analysis of each scheme is listed in table 1.
Table 1  JT schemes and overhead analysis
	Feedback Scheme
	Feedback Components
	Overhead

	Scheme 1: single cell transmission
	Feedback for the serving CSI-RS- resource.
	WB: 1 (RI) bits;

SB: 4-7 (CQI) + 2 (PMI) = 6-9 bits

	Scheme 2: non-coherent JT.
	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 3: non-coherent JT with aggregated CQI.
	i)Per-CSI-RS resource feedback for two CSI-RS-resources;

ii)Aggregated CQI across two CSI-RS- resources in the CoMP measurement set.
	WB: 1(RI) x 2 = 2 bits

SB: 4 (CQI) x 3 + 2 (PMI) x 2 = 16 bits

	Scheme 4: coherent JT with inter-CSI-RS-resource feedback
	i)Per-CSI-RS resource feedback for two CSI-RS-resources;

ii)Inter-CSI-RS-resource phase information for the second CSI-RS- resource (selected from QPSK codebook). 
	WB: 1(RI) x 2 = 2 bits

SB: 4 (CQI) x 2 + 2 (PMI) x 2 + 2 (inter-CSI-RS-resource phase information) = 14 bits

	Scheme 5: coherent JT with both inter-CSI-RS- resource feedback and aggregated CQI
	i)Per-CSI-RS resource feedback for two CSI-RS-resources;

ii)Inter-CSI-RS-resource phase information for the second CSI-RS- resource (selected from QPSK codebook).

iii)Aggregated CQI across two CSI-RS- resources in the CoMP measurement set assuming inter-CSI-RS-resource phase offset employed.
	WB: 1(RI) x 2 = 2 bits

SB: 4 (CQI) x 3 + 2 (PMI) x 2 + 2 (inter-CSI-RS-resource phase information) = 18 bits


The simulation results are shown in table 2. It is observed that both non-coherent JT with aggregated CQI and coherent JT with inter-CSI-RS-resource feedback outperform scheme 2 on cell-edge and cell-average throughput. But the cell-edge gain brought by aggregated CQI(scheme 3) is not so obvious compared with that brought by inter-CSI-RS-resource information(scheme 4). Furthermore, the scheme combining aggregated CQI and inter-CSI-RS-resource feedback cannot achieve further performance gain. Considering the overhead of the report, we can further observe that the inter-CSI-RS-resource information requires less overhead compared with the aggregated CQI. Therefore it is reasonable to give inter-CSI-RS-resource feedback higher priority than the aggregated CQI.
Table 2  Performance analysis of different JT schemes in scenario 1.

	Schemes
	Cell-edge UE throughput (bits/Hz)
	Gain (%)
	Cell-average throughput (bits/Hz)
	Gain (%)

	1:Single cell SU-MIMO
	0.0333
	0
	1.780
	0

	2: Non-coherent JT
	0.0374
	12.3
	1.882
	5.73

	3:Non-coherent JT with aggregated CQI
	0.0387
	16.2
	2.017
	13.3

	4:Coherent JT
	0.0397
	19.2
	2.017
	13.3

	5:Coherent JT with aggregated CQI
	0.0400
	20.1
	2.021
	13.5


Observation : The inter-CSI-RS-resource feedback can achieve both cell-edge and cell-average throughput gain, compared to non-coherent JT with aggregated CQI or not.

3. Conclusion:

Based on the evaluation results, we can conclude that the inter-CSI-RS-resource scheme can effectively increase system performance compared to non-coherent JT with aggregated CQI transmitted or not. However, the existing practical constraints listed in section 1 should be further discussed. And note that the inter-CSI-RS-resource feedback is essentially inter-TP phase information feedback, we suggest to jointly consider another coherent JT realization method, i.e., the aggregated CSI feedback [9], in the discussion.
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Appendix

Table 3 Simulation assumptions

	Parameters 
	Assumption 

	CoMP scenario
	Scenario 1: Homogeneous network with intra-site CoMP

	Channel model 
	3GPP case 1

	System BW 
	FDD 10MHz 

	Network synchronization
	Cells of the same site are synchronized

	Antenna configuration
	For macro eNB and high power RRH: 2 Tx antennas, X-polarized
For UE: 2 Rx antennas, X-polarized

	Number of UEs
	10 UEs / per cell.

	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.

QPSK codebook for inter-CSI-RS-resource phase information, with 6PRB subband size, too.

	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
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