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1. Introduction

In 3GPP RAN1 #66bis meeting, a working assumption was achieved to standardize a common feedback/signaling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. And in RAN1 #67 meeting, an agreement was reached that the CSI feedback to support DL CoMP should use at least the per-CSI-RS-resource feedback. Besides that, the additional information which may reflect the phase offset among different CSI-RS-resources, or the aggregated CQIs, are still to be discussed.
In this contribution, we list the pros and cons of several candidate schemes to further enhance the CoMP performance through complementary feedback content, and compare the performance of them. And the conclusion based on the simulation results is provided in the end of the contribution.
2. Feedback enhancement candidates
As stated in [1][2], the per-CSI-RS-resource feedback itself can well support the CS/CB/DPS scheme. Therefore with complementary feedback content, the optimization object is mainly the JT CoMP performance. As proposed by many companies, the candidate schemes of additional report information for JT CoMP include:

Inter-CSI-RS-resource information: additional bits are reported reflecting the phase/amplitude offset among different CSI-RS-resources which are configured within one CoMP measurement set.

Aggregated CSI information across multiple CSI-RS-resources: additional bits are reported for accurate PMI/CQI information assuming that all the TPs corresponding to multiple CSI-RS-resources participate in the transmission. The aggregated PMI and aggregated CQI can also be regarded as independent schemes, since the former is essentially another method of exploiting the optimized beam direction across the cooperating TPs, while the latter tries to achieve performance gain through accurate CQI information.
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Fig.1 System model of Joint Transmission

Fig.1 is an example of 2 TPs cooperatively serving 1 UE in JT mode. The received signal at the UE side can be described as (1):
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In (1) 
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 is the received signal vector, 
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 defines the signal symbol transmitted from network side. 
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 are the channel matrices estimated based on different CSI-RS-resources, respectively. The 
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 is the inter-cooperating-set interference, and 
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 is the Gaussian noise. Depending on the schemes, these configurations are assumed for feedback generation.

Scheme 1 - Per-CSI-RS-resource feedback （Baseline）: the precoding matrices 
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 are independently selected based on 
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from the same codebook (In our simulation, Rel.8 2Tx codebook is used). 
Scheme 2 - Inter-CSI-RS-resource information: the inter-CSI-RS-resource phase offset 
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 is applied to precoding matrix 
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.  UE selects 
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 from a pre-defined set and reports it in addition to the per-CSI-RS-resource feedback (In our simulation, the phase offset is quantized as 
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Scheme 3 -Aggregated PMI: UE assumes unified channel matrix 
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 generated across multiple CSI-RS-resources, and selects precoding matrix from a different codebook designed for more Tx antennas (In our simulation, Rel.8 4 Tx codebook is used).
Scheme 4 - Aggregated CQI: UE generates post-combining CQI assuming all the TPs in the CoMP measurement set participating in the transmission
Note：The inter-CSI-RS resource information and aggregated CQI are reported as the complementary of per-CSI-RS-resource feedback in scheme2 and 4, respectively. In scheme 3, the aggregated PMI can be reported either independently, or supplemented to the per-CSI-RS-resource information.
Among these schemes, both scheme 2 and 3 are targeting at coherent JT realization. In scheme 2, the phase offset among different CSI-RS-resources is applied to improve the system performance. And in scheme 3, the reported aggregated precoding matrix can realize coherent JT without any assistant information, resulting in reduced feedback overhead.
Scheme 4 puts the emphasis on the accurate CQI information. As the per-CSI-RS-resource feedback is generated using Rel.8/10 assumptions, the post-combining CQI is not directly available at the network side. Therefore the UE reporting post-combining CQI to the network side can be beneficial to the system performance [3].
3. Simulation assumptions and results

The simulation is implemented with scenario 3/4, and the detailed assumptions can be found in appendix. The CoMP measurement set is configured depending on the RSRP value [4]. Assuming the strongest signal always comes from the serving TP, any other TPs whose RSRP value is higher than RSRPserving-threshold can be included into the CoMP measurement set, as long as the set has not reached its maximum size ( in our simulation , the maximum set size is 2).
The CoMP transmission is implemented with rank = 1. The per-CSI-RS-resource CQI is reported assuming interference only from TPs out of CoMP measurement set. Falling back to single-point operation mode is possible which is determined by the network side. And if it happens, the CQI is updated by treating the per-CSI-RS-resource CQIs of non-scheduled TPs as ICI to the serving TP [5].
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The feedback overhead of each scheme is listed as:
Scheme 1 - Per-CSI-RS-resource feedback （Baseline）: Rel.8 2Tx codebook is used. 4 bits are needed for feedback.

Scheme 2 - Inter-CSI-RS-resource information: 6 bits are needed for feedback (4 bits for scheme1, 2 bits for inter-CSI-RS-RS resource phase offset).

Scheme 3 -Aggregated PMI: Rel.8 4 Tx codebook is used. The aggregated PMI can be reported independently (4 bits for aggregated PMI).

Scheme 4 -Aggregated CQI: 8 bits is needed for feedback (4 bits for scheme1, 4 bits for aggregated CQI).
Table 1 Performance analysis of different JT schemes with X-polarized antennas, UE distribution configuration 1.

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

	Per-CSI-RS-resource feedback 
	0.0397
	0
	8.995
	0

	Inter-CSI-RS-information
	0.0455
	14.6
	9.543
	6.10

	Aggregated PMI
	0.0451
	13.6
	9.453
	5.10

	Aggregated CQI
	0.0465
	17.1
	9.221
	2.51


Table 2 Performance analysis of different JT schemes with X-polarized antennas, UE distribution configuration 4b.

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

	Per-CSI-RS-resource feedback 
	0.0613
	0
	11.63
	0

	Inter-CSI-RS-information
	0.0711
	16.0
	12.20
	4.90

	Aggregated PMI
	0.0698
	13.9
	12.11
	4.13

	Aggregated CQI
	0.0706
	15.2
	12.00
	3.18


Table 3 Performance analysis of different JT schemes with co-polarized antennas, UE distribution configuration 1.

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

	Per-CSI-RS-resource feedback 
	0.0441
	0
	8.446
	0

	Inter-CSI-RS-information
	0.0526
	19.27
	8.913
	5.53

	Aggregated PMI
	0.0508
	15.19
	8.825
	4.49

	Aggregated CQI
	0.0532
	20.52
	8.575
	1.53


Table 4 Performance analysis of different JT schemes with co-polarized antennas, UE distribution configuration 4b.

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

	Per-CSI-RS-resource feedback 
	0.0668
	0
	10.44
	0

	Inter-CSI-RS-information
	0.0759
	13.62
	10.91
	4.50

	Aggregated PMI
	0.0725
	8.53
	10.81
	3.54

	Aggregated CQI
	0.0731
	9.43
	10.81
	3.54


According to the simulation results, coherent JT (scheme2 & scheme 3) can bring obvious performance gain compared with scheme 1. Comparing scheme 2 and scheme 3, it is observed that the former outperforms the latter a little for each antenna configuration and UE distribution. Considering that the inter-CSI-RS-resource phase offset searching doesn’t obviously increase UE complexity, we propose that :

Proposal 1: In addition to per-CSI-RS resource feedback, the inter-CSI-RS-resource feedback should also be supported to realize coherent JT.  

Although slight performance loss is observed in scheme 3, it is still worthwhile to further exploit the potential of aggregated PMI scheme, considering the overhead saving, especially when CoMP measurement set is relatively large (3 or 4).  Furthermore, the 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity have been included as the DL MIMO enhancement WI objectives [6]. The enhanced codebook is expected to be optimized for non-colocated antennas with power imbalance and provide better performance gain when using aggregated PMI scheme. Besides that, the aggregated PMI may be reported together with post-combining CQI, which has the potential to further reduce the feedback overhead. Therefore we propose that:
Proposal 2: Aggregated PMI feedback should not be precluded at the current stage. Its performance should be re-evaluated following the process of enhancement of 4Tx codebook. 
Regarding the scheme 4, it’s observed that it can provide comparable performance for cell-edge UEs. However, considering large feedback overhead and obvious cell average performance loss compared with coherent JT schemes, we propose that:
Proposal 3: Aggregated CQI feedback upon per-CSI_RS resource feedback is not necessary considering large overhead and obvious cell average performance loss compared with coherent JT. 
4.  Conclusion:

After evaluation and analysis of possible enhancements on per-CSI-RS-resource feedback for JT CoMP, we propose
Proposal 1: In addition to per-CSI-RS resource feedback, the inter-CSI-RS-resource feedback should also be supported to realize coherent JT. 

Proposal 2: Aggregated PMI feedback should not be precluded at the current stage. Its performance should be re-evaluated following the process of enhancement of 4Tx codebook. 
Proposal 3: Aggregated CQI feedback upon per-CSI_RS resource feedback is not necessary considering large overhead and obvious cell average performance loss compared with coherent JT. 
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Appendix

Table 5 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 with 6 PRB subband size, PMI with full band. See section 3 for details of each scheme.

	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

	CQI & CDI feedback granularity 
	6RB sub band 

	HARQ
	Maximum 4 retransmissions, Chase Combining
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