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1 Introduction

Important agreements and working assumptions have been made at RAN1#66bis and RAN1#67: 
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 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
This contribution proposes the detailed CSI feedback modes for CoMP.

2 CSI Feedback Framework
In the proposed framework, eNodeB configures the UE to feedback per-TP PhI (Phase Indicator) or per-TP CQI. The benefits of inter-CSI-RS-resource phase feedback are discussed in a companion contribution [1]. When the UE is configured with RI/PMI feedback, the UE is configured with either multi-resource CSI feedback or per-resource CSI feedback. This feedback framework supports joint transmission with multi-resource CSI feedback, and CS/CB and DPS/DPB with per-resource CSI feedback.
Table 1 - CSI Feedback Framework for CoMP (if only rank 1 JT is supported in Rel-11)
	
	PhI configured (JT)
(multi-resource CSI feedback)
	PhI not configured (DPS/CSCB)
(per-resource CSI feedback)

	
	TP0
	TPn
	TP0
	TPn

	RI
	RI
	Same RI as TP0
	RI
	RI

	PMI
	PMI (Vo)
	PMI (Vn)
	PMI (Vo)
	PMI (Vn)

	CQI layer 1
	Single TP CQI
	No CQI
	Single TP CQI
	Single TP CQI

	PhI
	No PhI
	If RI=1: 2-bit PhI* (Dn)
	No PhI
	No PhI

	Assumed precoder
	Vo
	Vo for TP0

Dn*Vn for TPn
	Vo
	Vn


* PhI maybe subband, independent of PMI freq granularity
** PMI maybe wideband, selected for maximizing single-TP SINR
Table 2 - CSI Feedback Framework for CoMP (if rank > 1 JT is supported in Rel-11)

	
	PhI configured (JT)
(multi-resource CSI feedback)
	PhI not configured (DPS/CSCB)
(per-resource CSI feedback)

	
	TP0
	TPn
	TP0
	TPn

	RI
	RI
	Same RI as TP0
	RI
	RI

	PMI
	PMI (Vo)
	PMI (Vn)**
	PMI (Vo)
	PMI (Vn)

	CQI layer 1
	Aggregated CQI
	No CQI
	Single TP CQI
	Single TP CQI

	CQI layer 2
	Aggregated CQI
	No CQI
	Single TP CQI
	Single TP CQI

	PhI
	No PhI
	If RI=1: 2-bit PhI* (Dn)

If RI>1: 0-bit PhI* (Dn)
	No PhI
	No PhI

	Assumed precoder
	[Vo; Dn*Vn]
	Cf TP0
	Vo
	Vn


* PhI maybe subband, independent of PMI freq granularity
** PMI maybe wideband, selected for maximizing single-TP SINR
From Table 3, we can see that both coherent JT and DPS require CQI/PMI/RI of serving point and PMI of each neighbour point, the difference is that DPS needs CQI for each neighbour point whereas coherent JT replaces the CQI of each neighbour point by PhI. In table 3, we compare the overhead of DPS and coherent JT, assuming PUSCH mode 3-1, 10 subbands, 4Tx codebook, 3 cooperating points, rank = 1. From table 3, we can find that the overhead of JT is similar as the overhead of DPS.

Table 3 - overhead comparison between DPS and JT with rank 1 feedback
	
	DPS
	JT

	RI
	2*3 = 6 bits
	2 bits

	Wideband PMI
	4*3 = 12 bits
	4*3 = 12 bits

	Wideband CQI
	4*3 = 12 bits
	4 bits

	Subband CQI
	2*10*3 = 60 bits
	2*10 = 20 bits

	PhI
	0 bit
	2*10*2 = 40 bits

	Total
	90 bits
	78 bits


In table 4, we compare the overhead of DPS and coherent JT, assuming PUSCH mode 3-1, 10 subbands, 4Tx codebook, 3 cooperating points, rank = 2. From table 4, we can find that the overhead of JT considerably smaller than the overhead of DPS.
Table 4 - overhead comparison between DPS and JT with rank 2 feedback
	
	DPS
	JT

	RI
	2*3 = 6 bits
	2 bits

	Wideband PMI
	4*3 = 12 bits
	4*3 = 12 bits

	Wideband CQI
	(4+3)*3 = 21 bits
	(4+3) bits = 7 bits

	Subband CQI
	(2+2)*10*3 = 120 bits
	(2+2)*10 = 40 bits

	PhI
	0 bit
	0*10*2 = 0 bits

	Total
	159 bits
	61 bits


Proposal 1: A Rel-11 UE can be configured with one of the following CoMP feedback modes:

· Multi-resource CSI feedback: UE reports a single CQI, and Phase Indicator (PhI)
· Per-resource CSI feedback: UE reports one or multiple single-TP CQIs
The details of the proposed feedback contents are found in Table 1 (for rank 1) and Table 2 (if higher rank JT with aggregated CQI is supported).
3 CSI Feedback Modes
Following the principles of the feedback framework of section 2, when the UE is configured with RI/PMI feedback, the UE is configured with either per-resource feedback or multi-resource feedback as in Tables 1 and 2. When the UE is configured without RI/PMI feedback, the UE is configured with per-resource feedback by default. Table 5 shows the number of CQI processes for each configuration.
Table 5 number of CQI processes
	
	With RI/PMI feedback
	Without RI/PMI feedback

	Per-resource feedback
	1 or multiple CQI processes
	1 or multiple CQI processes

	Multi-resource feedback
	1 CQI process
	n.a.


Whether or not RI/PMI is configured, CSI measurements are always taken on CSI-RS during CoMP operation, due to the requirements of CoMP for channel measurement accuracy. The CQI definition when the UE is configured without RI/PMI feedback needs further study.

As explained in companion contributions on CoMP CQI definition [2] and interference measurements [3], a CQI process is the association of a transmission assumption (a precoder assumption) and an interference assumption (an interference measurement resource). The transmission assumption is associated with one non-zero-power CSI-RS resource for per-resource feedback, or with multiple CSI-RS resources for multi-resource feedback where one CSI-RS resource is the reference resource (TP0 in Tables 1 and 2).

Dedicated RRC configuration provides the linkage between CSI measurement resource and interference measurement resource for each CQI. RRC signaling also provides the linkage between each CQI process and the CSI reporting mode over PUCCH or PUSCH. When multiple CQI processes are configured for the UE for per-resource feedback, all the processes operate in the same CSI reporting mode. For multi-resource feedback, at least PUSCH 3-1 is supported for each CSI-RS resource (with CQI replaced by PhI for all CSI-RS resource but the reference resource).
The PUSCH aperiodic CSI reporting modes that are proposed to be supported for CoMP are summarized in Table 6. For multi-resource feedback, the Rel-10 PUSCH reporting mode 1-2, 2-2 or 3-1 applies to the reference CSI-RS resource, while for the other CSI-RS resources the CQI is replaced by the PhI according to PUSCH reporting mode 3-1 as in Tables 1 and 2. For better performance, introduction of PUSCH 3-2 could also be considered for the reference CSI-RS resource or for all CSI-RS resources.
Table 6 – PUSCH aperiodic CSI reporting modes for CoMP
	
	With RI/PMI feedback
	Without RI/PMI feedback

	Per-resource feedback
	PUSCH 1-2, 2-2, 3-1
	PUSCH 2-0, 3-0

	Multi-resource feedback
	Reference CSI-RS resource:

PUSCH 1-2, 2-2, 3-1
Other CSI-RS resources:

At least PUSCH 3-1
	n.a.


The PUCCH periodic CSI reporting modes are also proposed to be supported for CoMP, but special case must be taken to ensure the feedback bits fit in the PUCCH format. For multi-resource feedback, all the feedback contents should be reported simultaneously, while for per-resource feedback it should be acceptable to feedback the per-resource CSI for different CSI-RS resources in different subframes.

The proposed PUCCH periodic CSI reporting modes for CoMP are summarized in Table 7. Since multi-resource feedback relies on frequency-selective inter-CSI-RS resource phase feedback for performance, it is unclear whether all the necessary feedback information can be carried over the PUCCH. In order to ensure timely CSI feedback for all CSI-RS resources for per-resource feedback, PUCCH format 3 can be considered to carry periodic CoMP CSI feedback for all CSI-RS resources.
Table 7 – PUCCH periodic CSI reporting modes for CoMP
	
	With RI/PMI feedback
	Without RI/PMI feedback

	Per-resource feedback
	PUCCH 1-1

PUCCH 2-1
	PUCCH 1-0

PUCCH 2-0

	Multi-resource feedback
	FFS
	n.a.


4 Conclusions
This contribution gives Huawei’s views on CSI feedback modes for CoMP. The proposed feedback framework supports JT, CS/CB and DPS/DPB. 
Proposal 1: A Rel-11 UE can be configured with one of the following CoMP feedback modes:

· Multi-resource CSI feedback: UE reports a single CQI,  and Phase Indicator (PhI)
· Per-resource CSI feedback: UE reports one or multiple single-TP CQIs

Proposal 2: a new transmission mode (TM10) is defined in Rel-11 for the support of DL CoMP where CSI measurements are taken on non-zero-power CSI-RS resources and interference measurements are taken on interference measurement resources.
· The following reporting modes are supported for TM10:
· Aperiodic reporting modes on PUSCH
· Periodic reporting modes on PUCCH

· The following configurations of the reporting modes are supported for TM10:

· RI/PMI feedback with multi-resource or per-resource feedback

· Without RI/PMI feedback with per-resource feedback
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