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1 Introduction
The agreements related to IMR and ZP-CSI-RS from the chairman’s notes from RAN1 #70 and RAN1 #70bis are copied below,
IMR configuration: (Agreement from RAN1 #70):
· 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. 
ZP-CSI-RS and IMR configuration: (Chairman’s notes from RAN1 #70bis):
It is already agreed that configured IMRs for a UE are covered by ZP-CSI-RS configuration. Therefore the PDSCH rate matching / RE mapping is determined only by the ZP-CSI-RS configuration. 

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

Agreement:

2. 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

3. 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, 

i) the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR

4. 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

Background observations:

5. JT in MBSFN subframe, or JT in scenario 4: can configure a single ZP-CSI-RS configuration across all the cooperating TPs

6. DPS: need to rate match around 1 ZP-CSI-RS configuration in a given subframe, which changes dynamically

2 Discussion
1.1 Backward Compatibility

To ensure backwards compatibility, it should be possible that all the IMRs configured for a UE can be configured for muting for a legacy Release-10 UE. This requires that the REs allocated to IMRs across all subframes must conform to a single zero-power CSI-RS configuration. This particular understanding is captured in the agreement from RAN1 #70.

1.2 Rate matching around IMRs

At the last meeting, there is some discussion on whether the PDSCH of a UE should rate match around its own IMRs. One argument is that the network may configure PDSCH and IMR to collide on purpose so that a UE may also capture interference from the transmitting TP in the interference measurement. In other words, the interference hypothesis on that IMR corresponds to the transmitting TP being turned on. 

However, the self-interference observed by a UE on the IMR overlapping with the PDSCH data does not reflect the actual interference seen when the TP is transmitting to another UE. This happens since the data is beam-formed or precoded to improve transmission power to that UE, while in actual CoMP operation the TP may even be performing interference nulling. Since IMR is intended for measurement of interference, this goes against the motivation of their definition and indeed questionable why a network would configure IMRs to collide with PDSCH.
Proposal

PDSCH rate matching is performed around IMRs configured for a given UE.
1.3 Multiple Zero-Power CSI-RS

DCI Format 2D/C

With DCI Format 2D/C, the ZP-CSI-RS configuration is dynamically selected from multiple ZP-CSI-RS configurations. This allows rate matching around the zero power CSI-RS configuration that is specific to a TP. Each TP may have obligation to mute on a different set of CSI-RS REs, and this allows optimizing the rate matching to the corresponding ZP CSI-RS configuration. 

DCI Format 1A
For DCI Format 1A, the current agreement is to support a default zero-power CSI-RS configuration and not support dynamic signalling of this configuration. However, we need to further consider how this default ZP-CSI-RS is configured. The fallback based on DCI Format 1A could be based on either Port 7 DMRS or Port 0 CRS. In scenario 4, CRS is likely to be SFN transmitted from multiple TPs, while port 7 is transmitted from a single TP for cell splitting gains. See [1] for more details of DCI Format 1A fall back transmission for TM10. 
With this observation, we believe atleast two ZP-CSI-RS configurations are needed for the PDSCH rate matching with DCI Format 1A.

1) ZP CSI-RS configuration that represents a super set of muting for all TPs

2) ZP CSI-RS configuration that represents a single serving TP

However, no dynamic signalling is required between these configurations. The corresponding ZP-CSI-RS applies based on the transmission scheme /transmission port.

Proposal
Two zero-power CSI-RS configurations are needed for DCI Format 1A. Support two zero-power CSI-RS configuration. No dynamic signalling is needed. The corresponding ZP-CSI-RS configuration is applied based on the transmission scheme/port correspond to the PDSCH transmission signalled by DCI Format 1A.
1.4 Zero-Power CSI-RS and IMR

The following is captured in chairman’s notes:

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

In light of the agreement to support dynamic signalling of selection between multiple ZP-CSI-RS configurations, the above agreement last meeting further clarifies the previous agreement of covering all IMRs configured for a UE with a single ZP-CSI-RS configuration. 

It is to be further decided how such single ZP CSI-RS configuration is related to the dynamically configured ZP CSI-RS configurations for DCI Format 2D/C or the default configuration used for Format 1A. There are at least two options to address this issue.
Option 1:
One of the higher layer configured ZP-CSI-RS configurations is used to cover all IMRs configured for a UE.

Option 2:
The first default higher layer configured ZP CSI-RS configuration for Format 1A is used to cover all IMRs configured for a UE.

In our view option 2 is the more sensible choice, since one of the default ZP CSI-RS configurations for DCI Format 1A can be configured to include all the ZP CSI-RS configurations corresponding to the DCI Format 2D/C. 
Also, as discussed in the above section one of the two default ZP-CSI-RS configuration corresponds to SFN transmission from all TPs, and hence the ZP-CSI-RS configurations used by DCI Format 2D/C are a subset of this configuration.
Proposal:

All the IMR configurations are covered by a default ZP-CSI-RS configuration, the default ZP-CSI-RS being one of the ZP-CSI-RS configurations used for DCI Format 1A.

3 Higher Layer Signalling Details of IMR Configuration
This issue is relevant to RAN2. However since it was discussed quite extensively last meeting, we include some details here. Further details are available in our RAN2 contribution [2].
A single ZP CSI-RS resource configuration is parameterized by,
· A 16 bit bitmap, where each bit corresponds to a single 4 RE resource configuration

· A single subframe configuration 
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Table 2 – Release-10 CSI-RS subframe configuration
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Since an IMR can only take the form of a ZP-CSI-RS pattern (4-RE CSI-RS pattern), the resourceConfig of each IMR (resourceConfigIMR) can be limited to only 4 bits (since a total of 16 patterns is possible).
For periodicity and subframe offset configuration, further consideration may be needed. One option is to configure each IMR with subframeConfig which takes a value in [0…154] as in Rel-10 NZP/ZP CSI-RS resource. However, unless carefully configured by the network, this method cannot always ensure the backwards compatibility condition. There is also the issue of whether the UE should perform checking on this constraint, how to behave when the network doesn’t configure correctly, and generally how to cleanly capture this condition in the specification. 
Examples below illustrate the IMR configuration that is covered by a ZP-CSI-RS configuration. 
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Figure 4 - Example of Zero Power CSI-RS configuration
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Figure 5 – Example 1 of compatible IMR configuration (Np1 = 5, Noff1 = 0), (Np2 = 5, Noff2 = 0)
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Figure 6 - Example 2 of compatible IMR configuration (Np1 = 10,Noff1 = 0), (Np2 = 10, Noff2 = 5)
This observation has following implication for the IMR subframe configuration.
IMR Subframe Configuration
The subframeConfig for each IMR should be a subset of a ZP CSI-RS subframeConfig. Further discussion is needed on how IMR subframeConfig can indicate a subset of the ZP CSI-RS’s subframeConfig such that the possibility of network misconfiguration is avoided and description of error cases is simplified. Below, we give straightforward signalling approach for relating the IMR to the ZP-CSI-RS configuration.
Since IMRs together should correspond to a single ZP-CSI RS configuration, we could define a single subframe-config correspond to such ZP-CSI-RS configuration for all IMRs and each of the individual IMRs is a subset of this subframe-config. The current subframe-config (
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	CSI-RS-SubframeConfig 
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The subframe configuration of individual IMR is obtained as follows from a single configured subframe-config
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where 
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 takes values in the range [0,30] and can be configured independently for each IMR.
4 Conclusions
In this contribution, we discussed further details of PDSCH rate matching, IMR configuration and CSI-RS configuration. We propose the following

1) Assume PDSCH rate matching is performed around IMRs of a given UE.
2) Two zero-power CSI-RS configurations are needed for DCI Format 1A. Support two zero-power CSI-RS configuration. No dynamic signalling is needed. The corresponding ZP-CSI-RS configuration is applied based on the transmission scheme correspond to the PDSCH transmission signalled by DCI Format 1A.
3) All the IMR configurations are covered by a default ZP-CSI-RS configuration, the default ZP-CSI-RS being one of the ZP-CSI-RS configurations used for DCI Format 1A.
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