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1. Introduction

In RAN1#67 meeting, it had been agreed that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. However, whether the inter-CSI-RS-resource feedback should be supported or not had not been aligned. In [1], many companies recommended that Rel-11 CoMP CSI feedback supports reporting inter-CSI-RS-resource feedback on top of per-CSI-RS-resource feedback.
In this contribution, we further discuss the necessity of inter-CSI-RS-resource feedback and the principle of codebook design for inter-CSI-RS-resource information. Simulation results of SU-JT with and without inter-CSI-RS-resource feedback on top of per-CSI-RS-resource feedback are provided for both homogeneous and heterogeneous deployments to prove the performance gain of inter-CSI-RS resource feedback and compare the performance of different codebooks.
2. Need of inter-CSI-RS-resource feedback
As discussed in [2], coherent joint transmission provides significant performance gain. During the study item, most of the companies evaluated coherent joint transmission and gave positive results. For the implementation of coherent joint transmission in FDD, phase adjustment between points in transmission set is necessary to ensure coherent combining of the signals. Considering the shortcomings of aggregated PMI feedback [3], inter-CSI-RS-resource feedback is an effective way to support relative phase adjustment. Observing from our simulation results in Appendix, inter-point phase information reporting facilitating the adjustments can provide significant performance gain over non-coherent JT. A few bits, e.g., 2 bits for each subband are sufficient for coherent SU-JT. Therefore, we suggest that reporting inter-CSI-RS-resource information on top of per-CSI-RS-resource feedback should be supported in Rel-11.
Proposal 1: Rel-11 CoMP CSI feedback should support reporting inter-CSI-RS-resource feedback (phase part)  on top of per-CSI-RS-resource feedback.
3. Codebook design

To facilitate inter-CSI-RS-resource feedback, a codebook for inter-CSI-RS-resource information should be designed. Considering the characteristics of inter-CSI-RS-resource information, heavy task and limited time for Rel-11, the following principles are suggested.
· The size of codebook for inter-CSI-RS-resource information should be as small as possible under the premise of acceptable performance. Due to the high frequency selectivity characteristic of inter-CSI-RS-resource information, subband reporting is preferable, thus the size of codebook can significantly affect the feedback overhead.
· The codebook should be as simple as possible considering the heavy task and limited time for Rel-11. For example, the M-PSK alphabets are generally utilized in the performance evaluation of many companies, and perform well for coherent JT. Therefore, these simple codebooks should be considered as codebook candidates.
· Inter-CSI-RS-resource amplitude feedback should be avoided. On the one hand, per-CSI-RS-resource CQI can provide relative amplitude information; on the other hand, inter-CSI-RS-resource amplitude feedback will significantly increase the overhead of inter-CSI-RS-resource feedback.
Based on the above principle, we suggest using M-PSK alphabet codebook to report the inter-CSI-RS-resource information, and QPSK alphabet is preferred.
Proposal 2: M-PSK alphabet codebook can be used to report the inter-CSI-RS-resource information
· QPSK alphabet is preferred considering the tradeoff between performance and overhead
4. Conclusions

In this contribution, the necessity of inter-CSI-RS-resource feedback and the principle of codebook design for inter-CSI-RS-resource information are discussed. Our proposals include:
Proposal 1: Rel-11 CoMP CSI feedback should support reporting inter-CSI-RS-resource feedback (phase part) on top of per-CSI-RS-resource feedback.
Proposal 2: M-PSK alphabet codebook can be used to report the inter-CSI-RS-resource information.

· QPSK alphabet is preferred considering the tradeoff between performance and overhead
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Appendix: System evaluation
System level evaluation of transmissions with and without inter-CSI-RS-resource feedback on top of per-CSI-RS-resource feedback is performed for both homogeneous and heterogeneous deployments. For per-CSI-RS-resource feedback, besides per-CSI-RS-resource PMI, per-CSI-RS-resource CQI is also feedback to provide channel quality of each CSI-RS-resource. When inter-CSI-RS-resource feedback is available, coherent SU-JT is carried out; otherwise non-coherent SU-JT is implemented.
Simulation results for both homogeneous and heterogeneous networks are given in Table 1 and Table 2 respectively. Both Config 1 and 4b are considered for heterogeneous deployments. And the detailed simulation parameters are provided in Table 3 and Table 4.

From Table 1, we can see that both non-coherent JT and coherent JT have more than 10% cell-edge gain over single point MIMO. With inter-CSI-RS-resource phase feedback, the performance gain over single point transmission is even larger: about 6% average gain and more than 15% cell-edge gain can be achieved. And the performance difference among QPSK, 8PSK and 16PSK inter-CSI-RS-resource phase feedback is marginal.
Table 1: Simulation results in homogeneous network
	Transmission scheme
	Codebook size (bits)
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	
	1.67
	0.00%
	0.0566
	0.00%

	Non-coherent SU-JT
	
	1.73
	3.39%
	0.0628
	10.95%

	Coherent SU-JT
	2
	1.77
	5.89%
	0.0649
	14.64%

	
	3
	1.78
	6.26%
	0.0667
	17.77%

	
	4
	1.77
	6.02%
	0.0665
	17.52%


From Table 2, we find that the cell-edge gain of SU-JT is even larger in heterogeneous network. More than 14% and 21% cell-edge gain are achieved by non-coherent SU-JT with UE deployments of Config 1 and Config 4b, respectively. For coherent SU-JT, the cell-edge gains are more than 25% and 35% for these UE deployments. That is to say, more than 10% and 15% cell-edge gain can be obtained by inter-CSI-RS-resource phase feedback with these UE deployments. Similar to homogeneous network, the performance of 2, 3 and 4 bits inter-CSI-RS-resource phase feedback are also very close.
Table 2: Simulation results in heterogeneous network
	UE deployment
	Transmission scheme
	Codebook size (bits)
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	Config 1
	SU-MIMO
	
	6.98
	0.00%
	0.0420
	0.00%

	
	Non-coherent SU-JT
	
	6.63
	-5.06%
	0.0479
	14.30%

	
	Coherent SU-JT
	2
	6.79
	-2.75%
	0.0530
	26.24%

	
	
	3
	6.80
	-2.61%
	0.0528
	25.83%

	
	
	4
	6.82
	-2.39%
	0.0527
	25.72%

	Config 4b
	SU-MIMO
	
	7.87
	0.00%
	0.0563
	0.00%

	
	Non-coherent SU-JT
	
	7.68
	-2.47%
	0.0682
	21.21%

	
	Coherent SU-JT
	2
	8.30
	5.42%
	0.0775
	37.65%

	
	
	3
	8.32
	5.65%
	0.0779
	38.39%

	
	
	4
	8.33
	5.78%
	0.0769
	36.60%


Based on the simulation results, we observe that:

· The performance improvement of inter-CSI-RS-resource feedback is significant, particularly in heterogeneous network.
· Coherent SU-JT has similar performance with the codebook sizes of 2, 3, and 4 bits.
Table 3: System parameters for homogeneous network
	Parameters
	Assumptions

	Number of cells
	57

	Deployment model
	Homogeneous deployment with high Tx power RHHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 sites, 3 cells/site

	
	Intra-site 3 cells coordination

	
	Inter-site distance: 500m

	UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	3GPP Case1, SCM UMA with 15° angular spread

	Transmit power per cell
	46dBm(10MHz)

	Number of Tx/Rx antennas
	(2TX, 2RX)

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Antenna pattern
	3D

	eNB antenna tilt
	15°

	Receiver
	MMSE option1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback
	Per-CSI-RS-resource CSI(both coherent/non-coherent JT) + Inter-CSI-RS-resource phase (coherent JT only)

	Codebook
	Rel-10 2Tx codebook for per-CSI-RS-resource PMI
M-PSK alphabet codebook for inter-CSI-RS-resource phase

	Frequency granularity of CSI feedback
	Subband (6 PRB) PMI/CQI, subband inter-CSI-RS-resource phase

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Overhead
	6/10 MBSFN DL subframe, 4/10 non-MBSFN DL subframe
- MBSFN DL subframe: 2PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3PDCCH symbols, 12RE/RB DMRS, 2CRS ports.

Total overhead: 25.71%


Table 4: System parameters for heterogeneous network
	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Coordination within one macro cell area

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(2, 2)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25;  Config 4b: 30

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback
	Per-CSI-RS-resource CSI (both coherent/non-coherent JT) + Inter-CSI-RS-resource phase (coherent JT only)

	Codebook
	Rel-10 2Tx codebook for per-CSI-RS-resource PMI
M-PSK alphabet codebook for inter-CSI-RS-resource phase

	Frequency granularity of CSI feedback
	Subband (6 PRB) PMI/CQI, subband inter-CSI-RS-resource phase

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Tx point selection threshold
	20 dB

	Max number of point in measurement set
	2

	Overhead
	6/10 MBSFN DL subframe, 4/10 non-MBSFN DL subframe
- MBSFN DL subframe: 2PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3PDCCH symbols, 12RE/RB DMRS, 2CRS ports.

Total overhead: 25.71%








