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1 
Introduction
In RAN1#70bis, good progress has been made in downlink control signaling, it has been agreed:
Agreement:

· 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

Agreement: 

Default values are suggested in case RAN2 decides to specify default values. 

· Each state that can be signaled in DCI format 2D/C for TM10 corresponds to a higher-layer list of parameters:

· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell

· One NZP CSI-RS resource index

· QCL is assumed between DMRS and the CSI-RS resource

· Discuss in RAN2 whether or not a default value should be specified

In this paper, we give our view on the remaining details of PDSCH rate-matching design for Rel.11 CoMP. 
2 
The relationship between IMR and ZP-CSI-RS
It has been commonly recognized that sometimes IMR should be muted (rate-matched) from PDSCH transmission since the definition of IMR is to reflect interference therefore PDSCH should not be transmitted in the REs of that IMR.   

A typical IMR configuration for DPS and DPB is illustrated as follows: 
	
	TP1
	TP2
	

	IMR1
	Muting
	Transmitting
	DPS

	IMR2
	Transmitting
	Muting
	DPS

	IMR3
	Muting
	Muting 
	DPB


In a certain TTI, if TP1 transmits PDSCH, PDSCH should be rate-matched at least around the IMR1. In another TTI, when TP2 transmits PDSCH to the UE, the PDSCH may not be rate-matched around IMR1 which is used to reflect the interference from TP2. 
Observation: The PDSCH rate-match assumption regarding an IMR depends on the CoMP scheme. 
In the previous RAN1 meeting #70bis, it was agreed that UE can be dynamically indicated to rate-match around a certain ZP CSI-RS at a given subframe. In other words, eNB can configure different rate-matching patterns corresponding to different TP transmitting PDSCH for different CoMP schemes.  
In RAN1#70, it was agreed that “All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration”. The intention is to avoid severe impact to the Rel.10 UE which can be told to rate-match around one ZP CSI-RS. The assumption is all the IMRs configured to one UE require muting from a single TP, however that is not necessarily true for all the CoMP cases, e.g. if case of DPS, IMR1 and IMR2 (see above table) requires muting from different TPs. Legacy UE only connect to one TP therefore it doesn’t necessarily rate-matched around both of the IMRs. In another word, IMRs configured to a single UE is not necessarily covered by one ZP CSI-RS resource.
Besides, in a certain TTI, the UE should rate-match around different IMRs. Using the above table as an example, in TTI1, if TP1 is transmitting, the PDSCH for the UE should be rate-matched around IM1 and IM3. If TP2 is transmitting, the PDSCH for the UE should be rate-matched around IMR2 and IMR3. In that sense, it’s hard to simply specify how the IMRs should be covered by which ZP-CSI-RS in the spec. The easiest way is to leave this issue to eNB implementation with the PDSCH rate-matching behavior to not include IMR, leading to the following proposals.     

Proposal-1: PDSCH is not rate-matched around the configured IMRs. 

Proposal-2: Do not specify restrictions between configured IMR and Rel.11 ZP CSI-RS resources. Whether the IMRs are covered by one ZP CSI-RS resource or all the ZP CSI-RS resources configured for the same UE is up to eNB configuration of ZP CSI-RS resources. 
3     Rate matching around NZP CSI-RS 
In previous meeting it was agreed that each UE can be configured with 4 sets of parameters for rate-matching and QCL assumptions. Each set includes a NZP CSI-RS resource, but it is currently still unclear if PDSCH rate-matching around the indicated NZP CSI-RS resource should be assumed. 
The following alternatives can be considered:
· Alt.1: UE shall always assume PDSCH rate-match around all the configured NZP CSI-RS resources 

· Alt.2 UE shall assumed PDSCH rate-matching only around the NZP CSI-RS indicated by DCI for current PDSCH transmission. 

· Alt.3 UE doesn’t assume PDSCH rate-matching around NZP CSI-RS, but to introduce some signaling restriction in spec will force the configured NZP CSI-RS resource covered by some ZP CSI-RS resources. 

· Alt.4 UE shall assume PDSCH rate-matching only around ZP CSI-RS but not around any NZP CSI-RS resource. And it’s up to eNB’s implementation to cover the appropriate NZP CSI-RS resource(s) in the ZP CSI-RS resource configuration used for PDSCH rate-matching. 

The simplest and cleanest solution is to follow our proposal with respect to IMR, which means UE shall not assumed PDSCH rate-matching around any NZP but only ZP CSI-RS and leave it fully up to the network to configure ZP if it wants to avoid interference to the channel estimation. Therefore we prefer to have Alt.4. Thus we have slightly preference on Alt.4 meanwhile open for further discussion. 
Proposal-3: RAN1 should discuss the above alternatives and define a clear UE assumption on rate-matching around NZP CSI-RS.
4 
Conclusion
In this contribution we give our overall view on some remaining issues of PDSCH rate-matching. We draw the following conclusions: 

Proposal-1: PDSCH is not rate-matched around the configured IMRs
Proposal-2: Do not specify restrictions between configured IMR and Rel.11 ZP CSI-RS resources. Whether the IMRs are covered by one ZP CSI-RS resource or all the ZP CSI-RS resources configured for the same UE is up to eNB configuration of ZP CSI-RS resources. 

Regarding rate matching around NZP CSI-RS, following alternatives and way forward were identified:
· Alt.1: UE shall always assume PDSCH rate-match around all the configured NZP CSI-RS resources 

· Alt.2 UE shall assumed PDSCH rate-matching only around the NZP CSI-RS indicated by DCI for current PDSCH transmission. 

· Alt.3 UE doesn’t assume PDSCH rate-matching around NZP CSI-RS, but to introduce some signaling restriction in spec will force the configured NZP CSI-RS resource covered by some ZP CSI-RS resources. 

· Alt.4 UE shall assume PDSCH rate-matching only around ZP CSI-RS but not around any NZP CSI-RS resource. And it’s up to eNB’s implementation to cover the appropriate NZP CSI-RS resource(s) in the ZP CSI-RS resource configuration used for PDSCH rate-matching. 
Proposal-3: RAN1 should discuss the above alternatives and define a clear UE assumption on rate-matching around NZP CSI-RS.

References

[1] R1-114317, CSI Feedback using multiple CSI-RS resources, Nokia Siemens Networks, Nokia
