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1. Introduction

At the RAN 1 #69 meeting, agreement was reached on the following items for aperiodic CSI feedback in Rel-11 CoMP.

· In the case of a single CC configuration where multiple CSIs are configured for CoMP,  2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback 

· The candidate CSI reports are configured by RRC

· 1-bit CSI request remains in format 0 in the case of CSS

· FFS the payload content of the report 

· Multiple CSI feedbacks could be multiplexed within one report instance

· FFS how to configure these multiple feedbacks into one report instance

· FFS the semi-static and dynamic signaling details

· FFS if CSI request field is extended to other than 2 bits, by adding new bits or using existing codepoints

· FFS simultaneous usage of CSI request field for CoMP and Carrier Aggregation
In this contribution, we present our views on a detailed triggering table for aperiodic feedback and present an analysis on the need for simultaneously supporting CoMP and CA. 
2. Aperiodic CSI Feedback for Rel-11 CoMP
During the email discussion before the RAN1 #70 meeting [1], three detailed triggering tables were considered to support the aperiodic CSI feedback in Rel-11.

· Alt. 1: ‘00’ is hard-coded so that no aperiodic CSI report is triggered and ‘01,’ ‘10,’ and ‘11’ are used to trigger three sets of CSIs configured by higher layer signaling.
· Alt. 2: ‘00’ is hard-coded so that no aperiodic CSI report is triggered, ‘01’ is hard-coded to trigger feedback of the CSI process with the lowest CSI index, and ‘10’ and ‘11’ are used to trigger two sets of CSI configured by higher layer signaling.
· Alt. 3: ‘00’ is hard-coded so that no aperiodic CSI report is triggered, ‘01’ is hard-coded to trigger feedback of all CSI processes, and ‘10’ and ‘11’ are used to trigger two sets of CSIs configured by higher layer signaling.

Assuming that the maximum CoMP measurement set size is three non-zero-power CSI-RSs [2], all possible CSI processes are summarized in Table I.

Table I. All CSI Processes for CoMP Feedback

(a) CoMP Measurement Set Size: 3

	Interference Hypotheses
	Signal Hypotheses 

(1st Interference TP, 2nd Interference TP)

	1st Interference TP
	2nd  Interference TP
	TP 1

(TP 2, TP 3)
	TP 2

(TP 1, TP 3)
	TP 3

(TP 1, TP 2)

	On
	On
	CSI 0
	CSI 2
	CSI 4

	Off
	On
	CSI 1
	CSI 3
	CSI 5

	Off
	Off
	CSI 6
	CSI 7
	CSI 8

	On
	Off
	CSI 9
	CSI 10
	CSI 11


(b) CoMP Measurement Set Size: 2

	Interference Hypotheses
	Signal Hypotheses

(1st Interference TP)

	1st Interference TP
	TP 1

(TP 2)
	TP 2

(TP 1)

	On
	CSI 0
	CSI 2

	Off
	CSI 1
	CSI 3


Each CSI process is associated with one non-zero-power CSI-RS and one interference hypothesis. There are a total of 4 CSI processes with the CoMP measurement set size of 2 and 12 CSI processes assuming that the CoMP measurement set size is 3. However, different CoMP schemes require different CSI processes, so it is not necessary to feed back all the CSI processes. Taking the CoMP measurement set size of three as an example, the CSI processes for different CoMP schemes are summarized below.

· Dynamic Point Switching (DPS) only (3 CSIs)
· Data are dynamically transmitted from different transmission points.

· {CSI 0, CSI 2, CSI 4}

· Dynamic Point Blanking (DPB) only (4 CSIs)
· Data are transmitted from the serving TP, and different interference hypotheses must be fed back.

· {CSI 0, CSI 1, CSI 6, CSI 9}

· Joint Transmission (JT) only (6 CSIs)
· Combination gains should be updated from the per-point CSI with the same interference assumption.

· {CSI 0, CSI 1, CSI 3, CSI 6, CSI 7, CSI 8}

· DPS/DPB (8 CSIs)
· We obtained CoMP gains in terms of the cell-average throughput and cell-edge throughput with the feedback of {CSI 0, CSI 1, CSI 3, CSI 6, CSI 7, CSI 8} [3]. Considering the gains from DPS only, {CSI 2, CSI 4} could also be fed back [4].

· {CSI 0, CSI 1, CSI 2, CSI 3, CSI 4, CSI 6, CSI 7, CSI 8}

Observation 1: It might be difficult to feed back all CSIs in one feedback instance assuming 3 TP DPS/DPB and JT considering the feedback overhead and UE complexity. 

Multiple sets of CSI processes will be configured by higher layer signaling. Different sets of CSI processes might be divided according to the CoMP schemes and feedback overhead. Two sets of CSI for CoMP feedback could be configured as given below.

· 3-TP JT

· 1st set {CSI 0, CSI 1, CSI 3} includes fall back CSI and 2 TP JT CSI.

· 2nd set {CSI 6, CSI 7, CSI 8} includes 3 TP JT CSI.

· 3-TP DPS/DPB

· 1st set {CSI 0, CSI 1, CSI 2, CSI 3} includes all the CSIs for 2 TP DPS/DPB.

· 2nd set {CSI 4, CSI 6, CSI 7, CSI 8} includes additional CSIs for 3 TP DPS/DPB.

Observation 2: Two sets of CSI processes for CoMP feedback might be sufficient, and three sets of CSI processes might be used if more CSIs need to be fed back and the maximum number of CSIs in each set is limited. 

Proposal 1: Alt. 1 and Alt. 2 could be considered for the detailed triggering table for aperiodic CSI feedback for Rel-11 CoMP.

3. Need to Support CoMP and CA Simultaneously
Figures 1(a) and 1(b) show the benefits of simultaneously supporting CoMP and CA in heterogeneous and homogeneous networks, respectively. In Fig. 1(a), a macro eNB is deployed with CC 1 and RRH 1, and RRH 2 is deployed with CC 2. For the UE at the cell-edge between RRH 1 and RRH 2, it is necessary to utilize CoMP and CA simultaneously. In Fig. 1(b), two CCs are deployed in each macrocell, and for the cell-edge UE between the two macrocells, both CoMP and CA should be deployed. Therefore, we support simultaneous transmission of CoMP and CA in Rel-11. Similar to periodic feedback, one CSI process could be associated with one signal, one interference hypothesis, and one serving cell by higher layer signaling when CoMP and CA are simultaneously supported. In addition, the detailed triggering tables for aperiodic CSI feedback in Section 2 could be reused. 
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Figure 1 – Possible Scenarios for CoMP and CA
Proposal 2: CoMP and CA should be simultaneously supported in Rel-11.

4. Summary
In this contribution, we compared the detailed triggering tables for aperiodic CSI feedback for Rel-11 CoMP and further analyzed the benefits of simultaneously supporting CoMP and CA. Our views are summarized below.
Three detailed triggering tables are considered to support the aperiodic CSI feedback in Rel-11.
· Alt. 1: ‘00’ is hard-coded so that no aperiodic CSI report is triggered and ‘01,’ ‘10,’ and ‘11’ are used to trigger three sets of CSIs configured by higher layer signaling.
· Alt. 2: ‘00’ is hard-coded so that no aperiodic CSI report is triggered, ‘01’ is hard-coded to trigger feedback of the CSI process with the lowest CSI index, and ‘10’ and ‘11’ are used to trigger two sets of CSI configured by higher layer signaling.
· Alt. 3: ‘00’ is hard-coded so that no aperiodic CSI report is triggered, ‘01’ is hard-coded to trigger feedback of all CSI processes, and ‘10’ and ‘11’ are used to trigger two sets of CSIs configured by higher layer signaling.

Proposal 1: Alt. 1 and Alt. 2 could be considered for the detailed triggering table for aperiodic CSI feedback for Rel-11 CoMP.

Proposal 2: CoMP and CA should be simultaneously supported in Rel-11.
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