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1 Introduction

The following working assumptions were agreed in RAN1#66bis regarding CoMP CSI feedback.

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.

· 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

It was agreed in RAN1#67 that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.  Based on this agreement, we continue to study whether the other 3 types of feedback scheme should be supported.  Aggregated feedback is the only candidate that multiple CSI-RS resources are involved in one feedback.  Aggregated feedback contains aggregated CQI and/or aggregated PMI.  In this contribution, we provide our link level and system level results for aggregated feedback.  Performance of JT is evaluated with aggregated CQI under coherent JT and non-coherent JT cases.  Also, full aggregated feedback with both aggregated PMI and CQI is evaluated.  An additional metric, the average CoMP UEs SE, are provided for better comparing the gain for CoMP UEs under different JT schemes. Some link level results is also provided to compare the coherent and non-coherent JT.
2 Evaluation for aggregated feedback for JT
2.1 Feedback schemes and simulation setup
In this contribution, we evaluate coherent and non-coherent JT with different feedback schemes assuming SU-MIMO transmission.  Feedback mode 3-2 is used where subband PMI and subband CQI are fed back.  Additionally, subband inter-point phase information is used for coherent JT. JT with different feedback schemes are listed as following:
· Scheme I: per-point CSI without any complementary feedback；
· Scheme II: per-point CSI with aggregated CQI;
· Scheme III: per-point CSI with inter-point phase information;

· Scheme IV: per-point CSI with aggregated CQI and inter-point phase information; 
· Scheme V: per-point CSI with aggregated PMI and CQI for the cooperating points.
Above JT schemes are evaluated in scenario 1, detailed simulation assumptions are given in appendix.  CoMP UEs are selected when its RSPR difference between serving cell and other cells satisfies a threshold requirement, e.g. RSRP UE_k, serving_cell –RSRPUE_k,Cell_i < threshold.  For simplicity, CoMP cooperating set is the same as CoMP measurement set. Falling back to single-point operation mode is possible when eNB decides to do so.
If a UE is identified as a CoMP UE, two sets of CSI are reported for non-CoMP and CoMP operation respectively. The ranks for the two sets of CSI report are determined independently. For the CoMP feedback, the per-point feedback with or without inter-point phase information and aggregated CQI (4bit) are adopted respectively as the schemes list above. 
To evaluate the aggregated PMI for the cooperating points, the size of CoMP cooperating set is restricted to be two points in all simulations for fair comparison. The two cooperating points with 2Tx cross-polarized antennas are aggregated as a 4Tx system so that a Rel-8 4Tx codebook can be applied.  The aggregated CQI is also derived based on this global precoder just like single cell case. The mapping relation between the antennas and precoder is illustrated as figure 1,
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Fig.1 the port mapping of two 2Tx cross-polarized antennas with 4Tx codebook
In order to support aggregated PMI, the antenna port mapping for CSI-RS has to be defined properly to match antenna indexing assumed for the codebook.  For per-point feedback, physical antenna ports 1 and 3 for TP1 are mapped to CSI-RS ports 15 and 16 respectively.  Physical antenna ports 2 and 4 for TP2 are also mapped to CSI-RS ports 15 and 16 respectively in another CSI-RS resource.  In order to re-use the same set of the two CSI-RS resources for aggregated feedback, UE needs to know the mapping which is different from the single cell 4Tx antenna case. 

Observation: CSI-RS port mapping of aggregated antennas needs to be matched with existing 4Tx/8Tx codebook structure for aggregated PMI feedback.
Usually the metrics to be evaluated system average SE and 5% cell edge SE but this does not accurately reflect the performance improvement for the CoMP UEs due to the existence of some non-CoMP cell edge UEs.  To show the gain of JT for the CoMP UEs, the average SE for these CoMP UEs is given in the following results. Calculation of the average CoMP UE SE takes into account throughputs and allocated resources for these CoMP UEs. In a subframe, the total throughput for all CoMP UEs is sum up, and then divided by the total bandwidth allocated, the number of cooperating points and 1ms, then averaged over all the scheduling subframes.
2.2 Simulation results
In the link level simulation, three schemes are evaluated: per-point PMI, per-point PMI plus 3-bit inter-point phase per layer, aggregated PMI.  In all cases, aggregated CQI is used for MCS selection.  From the results, coherent JT achieves 2 to 3dB gain over the non-coherent JT.  Performance of aggregated PMI feedback doesn’t differ much from per-point PMI plus inter-point phase.  
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Fig.2 Link level results of different feedback schemes for JT
In the system level simulation, single user transmission is assumed for all the case. For fair comparison of aggregated PMI and per-point PMI, number of coordinating points is always set to two so that 4Tx codebook can be re-used.  2-bit per-layer is used for inter-point phase.  We take the non-coherent JT without aggregated feedback as the baseline.  The performance of JT in different feedback schemes are shown in the table below.  
Table 1:  Performance of JT with different feedback schemes for scenario 1 with 2x2 XPOL 
	
	Complementary feedback
	Cell average SE 
bps/Hz
	Cell edge SE 
bps/Hz
	Average CoMPUE SE
bps/Hz

	Per-point CSI for JT
	non-coherent JT

   
	1.946

(0%)
	0.0444
(0%)
	0.996
(0%)

	
	non-coherent JT with aggregated CQI
	1.96
(0.73%)
	0.0492
(10.81%)
	1.147
(15.16%)

	
	Coherent JT with  inter-point phase 
	1.97
(1.23%)
	0.0503
(13.29%)
	1.248
(25.3%)

	
	Coherent JT with  inter-point phase+ aggregated CQI
	1.956
(0.53%)
	0.052
(17.12%)
	1.29
(29.5%)

	
	Aggregated PMI + CQI
	1.977
(1.59%)
	0.051
(14.86%)
	1.333
(33.92%)


From the results, the performance of coherent JT with inter-point phase information is better than non-coherent JT regardless of having aggregated CQI.  The gain is more obvious from the observation of average CoMP UE SE.  With aggregated CQI, performance of both coherent and non-coherent JT improves.  Coherent JT provides overall the best gain on cell edge when aggregated CQI is also fed back on top of inter-point phase information.  With coherent combining, the aggregated CQI generally has higher level than that of the non-coherent case, and the CoMP UE also has more chance to be scheduled, which improves the CoMP UEs performance. 
It is observed that the performance of aggregated PMI&CQI is similar to that of coherent JT with inter-point phase and aggregated CQI.  It has the best gain on the average CoMP UE SE but its cell edge performance is slightly lower.
Observation:  Both inter-point phase and aggregated CQI help to provide additional CoMP gain while inter-point phase provides more performance advantage.  There is no/low performance advantage with aggregated PMI.
Based on the above observation, we have the following proposal:

Proposal: CSI feedback for JT at least supports inter-CSI-RS-resource feedback on the top of per-CSI-RS-resource feedback.  Aggregated CQI can be considered to further improve JT performance.  Aggregated PMI can be supported with little standardization effort and potentially for higher-rank JT.
Note that it may be hard to fit in all the feedback components on PUCCH due to limited overhead.  We can consider triggering aperiodic feedback with necessary components on PUSCH where more feedback overhead is available.  eNB can select the feedback information during the triggering according to the need of potential JT scheme for each CoMP UE [9]. 
3 Conclusion 
In this contribution, we evaluate aggregated feedback for both coherent JT and non-coherent JT.  The observations and proposal can be summarized below:
Observation: CSI-RS port mapping of aggregated antennas needs to be matched with existing 4Tx/8Tx codebook structure for aggregated PMI feedback.

Observation:  Both inter-point phase and aggregated CQI help to provide additional CoMP gain while inter-point phase provides more performance advantage.  There is no/low performance advantage with aggregated PMI.

Proposal: CSI feedback for JT at least supports inter-CSI-RS-resource feedback on the top of per-CSI-RS-resource feedback.  Aggregated CQI can be considered to further improve JT performance.  Aggregated PMI can be supported with little standardization effort and potentially for higher-rank JT.
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Appendix
Table A1: SLS simulation assumptions
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB (0.5 λ spacing)  

Receiver: 2Rx cross-polarized antenna at UE

Antenna tiltetilt 15 degree, 3D antenna pattern

	CQI/PMI reporting interval and frequency granularity 
	5ms
6RB/Subband

	Feedback scheme
	 For  CoMP UEs, 4bit CQI + 2bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2 or 4bits PCI: phase with π/2 resolution) or aggregated CQI (4bit). 

For non-CoMP UEs, Rel-8 RI/CQI/PMI is reported.

	Granularity of PMI and CQI feedback
	Sub-band PMI/CQI/ PCI

	CoMP scheme
	Joint Processing

	Threshold for cell-edge UE selection
	6 dB

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-Ideal channel measurements with CSI-RS,
Non-ideal DMRS for data demodulation.

Channel estimation error modeling is used 
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	Table A2: LLS simulation assumptions
Parameters
	Assumptions

	Bandwidth
	10 MHz

	Receiver Type  
	MMSE

	Channel model
	UMa-NLOS

	Transmission type
	SU-MIMO

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB

Receiver: 2Rx cross-polarized antenna at UE

	Rank & MCS adaptation
	Enabled

	OLLA
	Enabled

	PDCCH
	3 OFDM symbol

	PRB bundling size for DMRS channel estimation
	1

	DMRS channel estimation type
	2DMMSE

	CSI-RS channel estimation type
	ideal

	Codebook
	Rel-8 4Tx codebook

	frequency Feedback granularity
	4 PRB

	CSI feedback Delay 
	5ms

	Inter-point phase granularity
	3-bit per layer
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