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1 Introduction
The working assumption from RAN1#66bis asks to standardize a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. Feedback assumptions have been discussed in RAN1#67 and in RAN1#68 including aggregated/per point PMI, CQI assumptions and possible inter CSI-RS resource feedback. In this contribution we discuss the feedback loads and signalling methods for the CoMP feedback.

2 CoMP feedback load
The amount of CoMP feedback depends on several important factors. The CSI feedback is composed by PMI, CQI and RI. Allowing rank 2, it implies 4 bits for PMI, 7 bits for CQI indication, while the RI is an additional bit. CoMP rank, which may be different from the single cell rank, is discussed further in [3].
In terms of per CSI-RS resource feedback (hence per point feedback), at least the PMI/CQI feedback load is multiplied by the number of points N in the CoMP measurement set. The feedback load further expands with the type of CoMP schemes which are to be supported: Network centric CoMP with separate CSI feedback for different CoMP schemes implies rich per point feedback plus feedback corresponding to other potential CoMP transmission hypotheses, while UE-centric CoMP tailors the feedback load on a specific CoMP hypothesis, hence reducing the number of bits. The utilization of inter CSI-RS resource information, in the form of phase or CQI information is an additional source of feedback load. While the phase information can be 2-4 bits or 4-8 bits (if rank 2 is supported), the CQI information can be 4 or 7 bits (if rank 2 is supported). The feedback granularity of the PMI/CQI is an additional factor of the load, noting that different granularities might apply for the PMI/CQI and the inter CSI-RS information. If UE-centric approach is followed, CoMP hypothesis indication is to be fed to the eNB.
Observation:

· CoMP feedback load depends on various factors such as number of points in the measurement set, rank 2 operation, inter CSI-RS-resource information and frequency granularity of the PMI/CQI/inter CSI-RS information.

Note that actually the per-point CQI does not have to mean that the N CQIs are defined to obey a transmission hypothesis (muted or non-muted) from that point. At least one of these CQIs, for example the CQI for the weakest point can be replaced by the aggregated CQI, resulting in the same feedback load. 
Proposal:

· At least one of per CSI-RS resource CQIs, for example the CQI for the weakest point could be replaced by an aggregated CQI.
Table 1. Feedback components and corresponding feedback payloads.
	
	

	Per point PMI 
	4 bits 

	Per point CQI
	4 or 7 bits

	Per point feedback x N measurement points
	11 bits x N

	Number of M sub-band for PMI/CQI
	11 bits x N x M

	Inter CSI-RS resource feedback
	Phase information
	2-4 bits

	
	CQI information 
	7 bits (rank 2 support)

	
	Point/CoMP hypothesis indication (WB information)
	2-3 bits (depending on how many points are to be allowed in the CoMP measurement set)

	Number of L sub-bands for the inter CSI-RS phase information (provided the inter CSI-RS information in form of CQI would follow the M sub-band granularity)
	(2-4) bits x L

7 bits x M


While above feedback loads are assuming also PMI and CQI transmission in the same time, the feedback load per mode can be as shown in Table 2:

Table 2. Feedback modes and corresponding feedback payload sizes.
	
	Mode 1-1
	1-2
	3-1
	3-2

	Per point feedback
	11 x N

	(7 bits CQI + 4xM bits PMI) x N
	(7 x M  bits CQI + 4 bits PMI) x N
	11 bits x M x N

	N=2

N=3
	22 bits

33 bits
	118 bits
177 bits
	190 bits
285 bits
	286 bits
429 bits

	Inter CSI-RS resource
	-
	(2-4) x L bits PMI
L=M=13, 26-52 bits
	 2-4 bits PMI
	 (2-4) x L bits PMI
L = M = 13, 26-52 bits

	
	
	7 bits CQI
	7 x L bits CQI
L=13, 91 bits
	7 x L bits CQI 
L=13, 91 bits

	
	
	2-3 bits 
	2-3 bits 
	2-3 bits 


3 Periodic CSI reporting on PUCCH and PUSCH
In Release 10, the UE can be semi-statically configured by higher layers to periodically feed back different CSI (CQI, PMI, PTI, and/or RI) on the PUCCH using the reporting modes 1-1 and 2-1 when PMI is present and modes 1-0 and 2-0 and PMI is not present. Following the analysis from Section 3, it appears that the per-point CSI-RS feedback follows similar design as the previous release. The UE may feed, in TDM fashion, independent PUCCH reports containing the per-point feedback information. It is noted that such reporting is already used in case of carrier aggregation.
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Figure 1. CSI feedback reporting on PUCCH in Release 10.

We have performed investigations of DPS without muting and non-coherent joint transmission in a CoMP setup with two points in the measurement set (more detailed analysis on number of points in presented in [4]) and wideband PMI/CQI information. Results summarized in Table 1 indicate promising performance gains throughout all scenarios for DPS. Similar observation can be made for non-coherent JT which has been simulated with aggregated CQI. 
Table 3. System level performance comparison for DPS without muting and non-coherent JT. 2x2 SU-MIMO Scenarios 1, 2, 3/4 configuration 4b without eICIC.

	
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	DPS without muting
	Scenario 1
	-0.21%
	+5 %

	
	Scenario 2
	-0.69 %
	+9.9 %

	
	Scenario 3/4 configuration 1
	-2.8 %
	+14.6 %

	
	Scenario 3/4 configuration 4b
	-1.4 %
	+8.8 %

	Non-coherent JT (Agg CQI)
	Scenario 1
	+0.1 %
	+5 %

	
	Scenario 2
	+0.2 %
	+10.7 %

	
	Scenario 3/4 configuration 1
	-1.1 %
	+ 11 %

	
	Scenario 3/4 configuration 4b
	-0.4 %
	+15.4 %



Observation:

· PUCCH-based CoMP feedback provides gains for DPS and JT.

Proposal:
· Specify PUCCH-based CSI feedback for CoMP in addition to PUSCH-based CSI feedback. 

While the CoMP performance gains with PUCCH mode 1-1 are promising, having accurate feedback available at eNB need to be ensured. In case of two points, the JT feedback consists of two PMIs and two CQIs, while the two CQIs should be the fallback CQI and the aggregated CQI. Hence the feedback consists of 2 x 4 bit PMIs and 2 x 4 bit CQIs. This information can be sent in several ways to the eNB: 
· Alt-1. As two PUCCH reports in TDM fashion, including separate reports for each RI, following Release 10 principles.
· Alt-2. As two reports in TDM fashion but separate per-point RI reports replaced by a joint rank indication of per point RI and CoMP RI. 

· Alt-3. As one PUCCH report. 
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Figure 2. Release 11 alternatives for PUCCH reporting.
Alt-1 is a straightforward extension of Rel-10 operation. This option implies rank per point, hence basic CoMP could be used here. This alternative follows the current RAN1 trend of per-point feedback, however performance benefits are questionable as per point feedback cannot support multiple CoMP hypotheses. In addition, multiple time-multiplexed reports are increasing the report collision probability. This problem is further amplified in carrier aggregation where PUCCH feedback reports for different serving cells are time-multiplexed. It should be noted that the PUCCH TDM solution is a natural choice in CA as transmissions on the serving cells are independent. However this is not the case in CoMP where the points collaborate, hence better PUCCH reporting arrangements may be sought, as presented in next two options.
Alt-2 jointly combines the per point rank with the CoMP rank. Reduced PUCCH reporting is an immediate benefit while per point feedback can support rank 2 as well.

Alt-3 may be seen as an optimization of Alt-1 with a rank constraint. We avoid problems of overhead and collisions of reports, hence potential dropping. As the PUCCH is formed by two reports, one may signal the PMI from one point in first report while the second report may contain the PMI from the second point and the two CQIs. As the second report is transmitted with higher periodicity, the fallback PMI may be sent. The other than serving point CQI may be the aggregated CQI. This would resemble one of the 1-1-1 modes of Release 10 where the longer term PMI is sent in the first report, while the second PMI in the second report. 

From performance perspective, all alternatives are similar, however from above analysis our preference is for one of the alternatives 2 or 3, depending on whether rank 2 is to be supported or not.

Observation:

· Per point PUCCH reporting is increasing the collision probability and dropping of the reports. 

Proposal:

· Strive at minimizing as much as possible the TDM multiplexing of PUCCH reports.
· Depending on whether rank 2 is supported or not, the following candidates for PUCCH reporting should be considered:

· Joint coding of per point rank and CoMP rank

· Self-contained CoMP PUCCH report

4 Aperiodic CSI reporting on PUSCH 
The aperiodic CSI reporting is triggered to the UE. Several modes are possible, depending on the wideband or frequency selective nature of the PMI/CQI, hence modes: 1-2, 2-2, 3-1 when PMI is present, and modes 2-0 and 3-0 when PMI is not present. 
In [2] we have provided a detailed analysis of CoMP feedback and PUSCH capacity. While in previous CoMP discussions on many occasions the analogy between configuring multiple different cells in CA and multiple points in CoMP has been mentioned, it is noted that CA and CoMP can work together, that is CoMP can operate on each carrier. From this perspective it is desirable to design CoMP feedback per carrier. Hence the need to clarify the number of points configured in measurement set surfaces again as this is a critical dimension of the CoMP feedback. 
Observations: 

· Size of measurement set is influencing PUSCH capacity as well.
· For two points, current PUSCH capacity may be sufficient [2].
5 Conclusions

In this contribution we have discussed the feedback options for multi point transmission. We made the following observations on the CoMP feedback content:
Observations:

· CoMP feedback load depends on various factors such as number of points in the measurement set, rank 2 operation, inter CSI-RS-resource information and frequency granularity of the PMI/CQI/inter CSI-RS information.

On PUCCH reporting we have the following observations and proposals:

Observation:

· PUCCH-based CoMP feedback provides gains for DPS and JT.

Proposal:

· Specify PUCCH-based CSI feedback for CoMP in addition to PUSCH-based CSI feedback. 
· At least one of per CSI-RS resource CQIs, for example the CQI for the weakest point could be replaced by an aggregated CQI.
Observation:

· Per point PUCCH reporting is increasing the collision probability and dropping of the reports. 

Proposal:

· Strive at minimizing as much as possible the TDM multiplexing of PUCCH reports.
· Depending on whether rank 2 is supported or not, the following candidates for PUCCH reporting should be considered:

· Joint coding of per point rank and CoMP rank

· Self-contained CoMP PUCCH report

Finally, on PUSCH reporting we observed:

Observations: 

· Size of measurement set is influencing PUSCH capacity as well.
· For two points, current PUSCH capacity may be sufficient [2].
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Appendix A – Simulation assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	CoMP Scenario 1&2: 3GPP SCM

CoMP Scenario 3 Conf 1 & 4 : ITU UMa for macro, UMi for low power node

	Carrier frequency
	2.00 GHz

	Deployment scenarios
	CoMP Scenario 1 according to 36.819. Coordinated points 3 macros

CoMP Scenario 2 according to 36.819. Coordinated points 21 macros

CoMP Scenario 3 Conf 1 & 4 according to 36.819. Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 reported points in all scenarios

	Number of UEs
	CoMP Scenario 1 & 2: Average 10UE / Tx Point / Uniform dropping

CoMP Scenario 3 Conf 1: 25UE / macro geographical area / Uniform UE dropping

CoMP Scenario 3/4: 30UE / macro geographical area. / Clustered Dropping

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	Option 1

	Channel estimation for feedback
	CSI-RS based

	Channel estimation for demodulation
	Realistic (AVI table)

	UE Feedback
	Rank indicator (rank 1 for CoMP reporting UEs)
Wideband CQI and wideband PMI (Release 8 CB), 6 ms delay and 10ms interval

ACK/NACK, delay 6ms

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12/24 RE/PRB for 1-2/3-8 orthogonal DM-RS ports

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


