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1. Introduction

Regarding the ZP CSI-RS configuration and rate matching behavior for CoMP, the following points were agreed upon at the RAN1 #70bis meeting.
· Irrespective of the UE’s capability in terms of number of supported CSI processes, more than one ZP CSI-RS configuration can be configured for a Rel-11 UE
· In a given subframe, one of the configured ZP CSI-RS configurations (except possibly in the case marked * below) is applied for PDSCH rate matching
· When scheduled by DCI Format 2D/C in TM10, which of the configured ZP CSI-RS configurations is applied for PDSCH rate matching in a given subframe is indicated by DCI
· FFS whether:
· all configured ZP CSI-RS configurations must cover the configured IMRs for a UE, or
· *: if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 
· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR
· One ZP CSI-RS configuration is identified by higher layer signalling as the ZP-CSI-RS configuration that the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10
· If only one ZP CSI-RS configuration is configured for the UE, it is assumed by the UE for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10 

In this contribution, we investigate the remaining issue facing the ZP CSI-RS configuration and PDSCH rate matching around ZP CSI-RS resources and IMRs.
2. ZP CSI-RS Configuration
There are two methods that are FFS regarding the ZP CSI-RS configuration.
· Alt. 1: All configured ZP CSI-RS configurations must cover the configured IMRs for a UE

· Alt. 2: In a given subframe, the configured IMR is not covered by the applicable ZP CSI-RS resource 

In order to analyze the difference between Alt. 1 and Alt. 2, we give an example based on an IMR configuration in a 3-cell CoMP measurement set. Fig. 1 gives the interference assumption for each IMR. Table I and Fig. 2 give examples of IMR configurations for each UE that selects the same CoMP measurement set (TP #0, TP #1, and TP #2).
For UE 1 with serving cell TP #0, 3 IMRs are configured with the same 10-ms period and the same subframe offset of 1 ms. For UE 2 with serving cell TP #1 and UE 3 with serving cell TP #2, 3 IMRs are configured with same 10-ms period. However, the subframe offset of the other two IMRs is 6 ms, which is different from IMR 1.
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     Fig. 1. Interference assumption for each IMR                    Fig. 2. Example of IMR configurations for each UE
Table I. Example of IMR Configurations for Each UE
	
	Serving Cell
	IMR Configuration

	
	
	IMR Index
	Subframe Offset
	Period (ms)

	UE 1
	TP #0
	IMR 1
	1
	10

	
	
	IMR 2, IMR 5
	
	

	UE 2
	TP #1
	IMR 1
	1
	10

	
	
	IMR 3, IMR 6
	6
	

	UE 3
	TP #2
	IMR 1
	1
	10

	
	
	IMR 4, IMR 7
	6
	


Based on the above IMR configurations, Table II and Fig. 3 give the ZP CSI-RS configurations of Alt. 1 and Alt. 2. Here we consider the ZP CSI-RS configurations for DPS and JT. For JT, these two methods are configured with the same ZP CSI-RS resources. For DPS, Alt. 1 convers all 7 IMRs; however, Alt. 2 covers only 4 of them. Based on this, we can see that Alt. 1 has a higher rate matching overhead around the ZP CSI-RS resources than that for Alt. 2 by 3 IMRs, i.e., 12 REs per 5 ms.
Table II. ZP CSI-RS Configurations of Alt. 1 and Alt. 2

	
	ZP CSI-RS Configuration

	
	S(state) 1, DPS in TP 0
	S 2, DPS in TP 1
	S 3, DPS in TP 2
	S 4, JT (TP 0&1&2)

	Alt. 1
	Cover IMRs 1~ 7

	Alt. 2
	Cover IMRs 1, 2, 5, 7
	Cover IMRs 1, 3, 5, 6
	Cover IMRs 1, 4, 6, 7
	Cover IMRs 1~ 7
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Fig. 3. ZP CSI-RS configurations of Alt. 1 and Alt. 2

Proposal 1: Considering the rate matching overhead around ZP CSI-RS resources, we prefer that the configured IMR not be covered by the applicable ZP CSI-RS resource in some subframes.
3. Rate Matching Behavior
Another FFS point is the rate matching behavior in Alt. 2. 
· If in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 
· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR
First we need to narrow down the details regarding Alt. 2 from the aspect of rate matching according to one or more ZP CSI-RS resources or according to the IMR configuration for a UE.

· Rate matching according to one ZP-CSI-RS resource
· Alt. 2-1: PDSCH rate matching is performed according to one ZP-CSI-RS resource
· Alt. 2-2: PDSCH rate matching is performed according to one ZP-CSI-RS resource and the IMR
· Rate matching according to more ZP-CSI-RS resources
· Alt. 2-3: PDSCH rate matching is performed according to the ZP-CSI-RS resources
· Alt. 2-4: PDSCH rate matching is performed according to the ZP-CSI-RS resources and the IMR
· Rate matching only according to the IMR configuration for a UE
· Alt. 2-5: PDSCH rate matching is performed according to the one ZP-CSI-RS resource or the IMR
· Alt. 2-6: PDSCH rate matching is performed according to the ZP-CSI-RS resources or the IMR

The agreement reached at the RAN1 #70bis meeting proposes one ZP CSI-RS configuration in each state, thus Alts. 2-3 and 2-4 will be precluded since they do not conform to the agreement. While for Alts. 2-5 and 2-6, since the UE does not know the IMR configuration of other UEs, these two methods cannot work and are precluded in the subsequent discussion.

The difference between Alt. 2-1 and Alt. 2-2 is the UE behavior that UE does rate matching according to IMRs or not. With Alt. 2-1, the UE only checks the ZP CSI-RS configuration and performs rate matching around the related REs. While with Alt. 2-2, the UE checks its IMR configuration in addition to the ZP CSI-RS configuration. In Fig. 4, we give an example of the behavior of UE 1 in the case of DPS at TP 0. With Alt. 2-1, UE 1 performs rate matching around the ZP CSI-RS resource according to the ZP CSI-RS configuration. With Alt. 2-2, UE 1 checks both the ZP CSI-RS configuration and IMR configuration. For example, in subframe 6, the ZP CSI-RS configuration covers IMRs 1, 2, 5, and 7 but its own IMRs, i.e., 1, 2, and 5, are not configured in this subframe. Thus, UE 1 will only perform rate matching around IMR 7 in this subframe. Table III summarizes the rate matching overhead of Alts. 1, 2-1, and 2-2.
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Fig. 4. Rate matching behavior of Alt. 2-1 and Alt. 2-2
Table III. Summary of Rate Matching Overhead Around ZP CSI-RS

	
	Rate Matching Overhead (S 1: DPS in TP 0, for UE 1 with IMRs 1, 2, 5)

	Alt. 1
	· Overhead: 28 REs per 5 ms

	Alt. 2-1
	·  Overhead: 16 REs per 5 ms

	Alt. 2-2
	·  Overhead: 
· TTI 1: IMRs 1, 2, 5, 7
· TTI 6: IMRs 7 (UE 1 IMRs 1, 2, and 5 are not configured in subframe 6)
=> 5 IMRs = 20 REs per 10 ms


Although Alt. 2-2 reduces the rate matching overhead somewhat compared to Alt. 2-1, there is a problem in some special cases. For example, if IMR 7 of UE 3 is configured with the same resource element as IMR 2 of UE 1, the rate matching of Alt. 2-1 and Alt. 2-2 will change from that shown in Fig. 4 to that in Fig. 5. With Alt. 2-2, the UE checks the ZP CSI-RS configuration resources and IMRs. It finds that there is no IMR 1, 2, or 5 configured in subframe 6 and it does not perform rate matching around them. However, with the same resource element allocated to IMR 2, IMR 7 is configured. In addition, the UE should perform rate matching around IMR 7. In this case, a rate matching error will result.  Table IV summarizes the advantages and disadvantages of Alts. 1, 2-1, and 2-2.
Considering the rate matching overhead and feasibility, we prefer Alt. 2-1.
Proposal 2: We prefer that the PDSCH rate matching be performed according to one ZP-CSI-RS resource.
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Fig. 5. Rate matching behavior when two IMRs are configured to the same resource element
Table IV. Advantages and Disadvantages for Alts. 1, 2-1, and 2-2
	
	Advantages 
	Disadvantages

	Alt. 1
	· Low UE complexity (only check ZP CSI-RS configuration)
· No rate matching error on UE side
	· High rate matching overhead

	Alt. 2-1
	· Low UE complexity (only check ZP CSI-RS configuration)
· No rate matching error on UE side
	· Medium rate matching overhead

	Alt. 2-2
	· Low rate matching overhead
	· Additional UE complexity (check ZP CSI-RS configuration and IMR)
· Rate matching error on UE side


4. Summary
In this contribution, we investigated the ZP CSI-RS configuration and PDSCH rate matching behavior in relation to the ZP CSI-RS resource and IMRs. Below is a summary of the possible methods. 

Proposal 1: Considering the rate matching overhead around the ZP CSI-RS resources, we prefer that the configured IMR not be covered by the applicable ZP CSI-RS resource in some subframes.

Proposal 2: We prefer that the PDSCH rate matching be performed according to one ZP-CSI-RS resource.
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