Page 1

3GPP TSG-RAN WG1 #71 
R1-125102
November 12-16, 2012  
New Orleans, USA
Agenda item:
6.2.2.2
Source: 
Qualcomm Incorporated
Title: 
Remaining details of PDSCH rate matching behavior
Document for:
Discussion/Decision
1
Introduction
In this contribution we provide our views on remaining details of PDSCH rate matching behavior.  This includes an outstanding FFS item from the last meeting in relation to ZP CSI-RS and IMR configuration as well as the PDSCH rate matching behavior for NZP CSI-RS resources. 
2
Discussion

2.1
PDSCH rate matching for ZP CSI-RS
At RAN1#70bis the following agreement was reached: 

· 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

The concept of an IMR was introduced to provide UEs with a clear definition of which resource elements to use for measuring interference.  In our view this definition is independent of a UE’s rate matching assumptions which, based on our understanding of past agreements, should only be based on configured ZP CSI-RS resources.  At the same time it was agreed in RAN1#69 that IMRs “occupy a subset of REs configured as Rel-10 ZP CSI-RS,” therefore implying that rate matching would always be performed.  
Proposal 1: 

· PDSCH rate matching should be independent of the IMR configuration and only be based on ZP CSI-RS. 

The use case for not performing rate matching around an IMR is to enable a UE to measure its own PDSCH transmission as interference.  This would be relevant in a scenario in which the network uses PDSCH signals of neighboring transmission points to generate interference on a UE’s configured IMRs.  An example of such a configuration is shown in Figure 1.  The UE is configured with two IMRs to selectively measure interference from either Point A or Point B.  The assumption is that IMR1 would be used for a CSI process that has Point B as the serving point, and IMR2 would be used for another CSI process with Point A as the serving point. 
As noted above the UE would always measure interference on the REs designated as IMR1 and IMR2, respectively.  The question of PDSCH rate matching becomes relevant only when the UE receives a PDSCH transmission in the subframe containing the IMRs.  In this case, the UE would have to count its own PDSCH transmission as interference for one of the desired interference hypotheses; otherwise it would appear as if there was no interference from the point delivering the PDSCH transmission to the UE.  For example, in Figure 1, if the UE receives PDSCH from Point A, it could still perform rate matching in line with the “Point A” configuration such as to count its own PDSCH as interference on IMR1.  
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Figure 1: IMR configuration in which the observed interference consists of PDSCH transmissions of neighbor points.

The setup discussed above represents only one way of performing interference measurement.  Another approach from the network perspective is to use signals other than PDSCH to create a certain interference hypothesis on the IMRs configured for a specific UE.  This scenario is illustrated in Figure 2.   In this case the network would transmit non-PDSCH signals on the REs used by the UE for interference measurement to generate a precise interference scenario.  The UE in turn would always perform PDSCH rate matching around the IMR UEs, in line with the fact that the PDSCH is rate matched around all of the IMR REs. 
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Figure 2: IMR configuration in which the observed interference consists of arbitrary signals generated by the network.

In our view, the second scenario, depicted in Figure 2, is preferable as the network is in a much better position to ensure that the interference hypotheses are indeed accurate.  Indeed, a problem of using PDSCH transmissions to generate the interference hypotheses is potential mismatch of precoding assumptions.  Ensuring that the PDSCH transmitted to a certain UE has the same precoding as the transmission that should be reflected on the IMR imposes scheduling restrictions.  Such restrictions are avoided entirely by using non-PDSCH signals to create the desired interference conditions at the IMR UEs.  The additional overhead associated with this is negligible; in the example above only one additional ZP CSI-RS would be needed. 
Requiring that IMRs be covered by ZP CSI-RS has also been reflected in several past agreements which are provided in the appendix for reference.  Based on the above discussion, we prefer to uphold these past agreements as they are in line with the preferred interference scenario captured in Figure 2.  
Proposal 2: 

· All IMRs configured for a UE should be covered by ZP CSI-RS in any subframe to ensure accurate interference measurement. 
2.2
PDSCH rate matching for NZP CSI-RS

An issue that has not been addressed previously relates to the PDSCH rate matching around NZP CSI-RS resources.  In Rel-10, where at most one NZP CSI-RS can be configured, rate matching was preformed around that resource regardless of whether ZP CSI-RS was also configured.  A similar approach can also be adopted in Rel-11 by extending the PDSCH rate matching to all NZP CSI-RS resources.  This is, in fact, consistent with the current version of the Rel-11 specification [1]. 

Another approach would be to add specific rate matching assumptions for NZP CSI-RS to the four PDSCH rate matching states.  This would be more consistent with the rate matching approach for ZP CSI-RS as there could be instances for which rate matching around NZP CSI-RS is not needed. 
We have a slight preference for following the approach in which rate matching is always performed among all configured NZP CSI-RS.  This is already consistent with Rel-11 specification although it has not been formally agreed. 

Proposal 3: 

· PDSCH rate matching should be performed around all configured NZP CSI-RS resources. 

3
Conclusions
In conclusion we have made the following proposals regarding PDSCH rate matching assumptions: 
· PDSCH rate matching should be independent of the IMR configuration and only be based on ZP CSI-RS. 

· All IMRs configured for a UE should be covered by ZP CSI-RS in any subframe to ensure accurate interference measurement. 

· PDSCH rate matching should be performed around all configured NZP CSI-RS resources. 
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Appendix

The following agreements on IMR definition and configuration were reached at previous RAN1 meetings. 

RAN1#69 Prague

Agreement:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC
· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 
· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS
· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR
· Configuration of multiple CSIs
· IMRs associated with different CSIs can be configured independently
· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs
· FFS the maximum number of CSIs configurable for one UE 

· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

RAN1#70 Qingdao

Agreement:

· IMR configuration: 

· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs

· 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. 

RAN1#70bis San Diego

Agreement: Include in the specification, and inform RAN2, that the UE is not expected to receive (or the higher layer signalling does not allow the UE to receive) an IMR configuration which is not covered by one (or more – FFS) ZP-CSI-RS configuration for the UE

Note: Need to review this after concluding on question of dynamic ZP-CSI-RS. 

RAN1#70bis San Diego

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
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IMR1: Point A interferes (assume Point B is serving). 


IMR2: Point B interferes (assume Point A is serving). 
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IMR2: Point B interferes (assume Point A is serving). 
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