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Introduction
The following has been concluded in RAN1#67 regarding the study on interference measurement-
Conclusions from RAN1#67:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone are not satisfactory for Rel-11.

Agreement from RAN1#67:

Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 

Study further until RAN1#68 which REs to use.

2 
Interference measurement REs
Several options have been discussed in RAN1#67 on the choice of interference measurement REs 

a) CRS REs
b) CSI-RS REs
c) PDSCH holes (0-power CSI-RS or otherwise)

d) Combination of c) with a) or b) or both 
It has been pointed out that CRS REs may not be satisfactory for scenario 4 or if interference measurement for aggregated CQI (JT-CoMP) is desired. It was shown in [2] that channel estimation quality of CSI-RS may limit interference measurement accuracy on CSI-RS REs. PDSCH holes address these drawbacks and can be used for interference measurement for all cases. 
The benefit of combining interference measurement on PDSCH holes with other REs is not clear. In cases where CRS is applicable PDSCH holes may not be necessary. Considering channel estimation errors for CSI-RS it is not evident that a performance improvement (accuracy of interference measurement or realizable overhead reduction) can be achieved by this combination. Therefore PDSCH holes alone seem to provide a simple solution for interference measurement where CRS based interference estimates are not applicable.
Proposal-1: Consider interference measurement REs to comprise of PDSCH holes only where CRS based interference estimation is not applicable 
The design of CSI-RS was optimized for channel estimation. It may be possible to design interference measurement REs optimized specifically for interference measurement. In terms of backward compatibility, however, it is desirable to have interference measurement REs comprised of only 0-power CSI-RS REs. Therefore this could serve as a starting point for design.
Proposal-2: Consider interference measurement REs to comprise of 0-power CSI-RS REs as a starting point
3 
Signalling for interference measurement REs
In this section we consider some details on UE-specific signalling of interference measurement REs. The intention is to leverage Rel-10 CSI-RS signalling to a large extent.  
With reference to Figure 1, consider two transmission points, TP1 and TP2 and three 0-power CSI-RS resources denoted as CFG-1, CFG-2, CFG-3. Assume no CSI-RS muting. Note: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers (defined in RAN1#66bis).
Interference measurement RE configuration for non-CoMP UEs served by TP1:

· CFG-1 REs and the CQI hypothesis is transmission from TP1

Interference measurement RE configuration for UEs dynamically switched between non-CoMP and DPS served by TP1 or TP2:
· CFG-1 REs for CQI hypothesis of transmission from TP1 and CFG-2 REs for CQI hypothesis of transmission from TP2
Interference measurement RE configuration for UEs dynamically switched between non-CoMP, DPS and JT served by TP1 or TP2 or both:
· CFG-1 REs for CQI hypothesis of transmission from TP1, CFG-2 REs for CQI hypothesis of transmission from TP2, CFG-3 REs for CQI hypothesis of joint transmission from TP1 and TP2
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Figure 1: Illustrates signalling for interference measurement REs
Observations from the example above:

1. Interference measurement resource is a part of the CQI hypothesis. CQI feedback corresponding to one CSI-RS resource can only correspond to one interference measurement resource if configured.  If no inter-CSI-RS resource CQI is defined, only one interference measurement resource can be configured for one CSI-RS resource. (Wideband or narrowband CQI within one CSI-RS resource should have the same interference measurement hypothesis). If inter-CSI-RS resource CQI (aggregated CQI) is agreed, further study is needed on its interference measurement hypothesis.
2. Multiple CSI-RS resources (corresponding to multiple CQI feedback, each defined as one CSI-RS resource and one interference measurement resource) may be configured for a given UE. Further, aggregated CQI defined for a set of CSI-RS resources may demand a different interference measurement resource that needs further study. The signalling overhead, the overhead of interference measurement REs and the burden on UEs to continuously measure interference on each resource should be considered while determining the benefits of such added flexibility.
Signalling requirements for PDSCH mapping: 

The introduction of interference measurement resources in the form of PDSCH holes affects the PDSCH mapping for a UE. PDSCH rate-matching for a given UE will depend on the transmission point(s) participating in that transmission burst and applicable interference measurement resources. Therefore a UE needs to derive its PDSCH mapping from a PDCCH indication (that implies participating transmission point(s) for the burst) and the known configurations of all applicable interference measurement resources. As a second option with transparent COMP operation for the UE, the PDSCH rate matching would need to be done around all the configured PDSCH holes of all transmission points being part of the COMP measurement set.
Note that a UE not configured to measure interference on interference measurement resources (e.g. UEs assigned legacy Tx modes) also need to know the interference measurement resources in the form of 0-power CSI-RS (PDSCH holes) – as PDSCH rate matching is to be applied also for these UEs. As a consequence, all the PDSCH holes/0-power CSI-RS resources need to be signalled to all UEs. 
The signalling for 0-power CSI-RS already specified in Rel-10 can be used to provide both Rel-10 and Rel-11 UEs with PDSCH mapping information. This PDSCH mapping will consider 0-power CSI-RS REs intended for interference estimation as well as 0-power CSI-RS REs intended for better estimation of CSI-RS from outside the cell boundary.

Proposal-3: Consider using the signalling for 0-power CSI-RS already specified in Rel-10 to provide both Rel-10 and Rel-11 UEs with PDSCH mapping information. This PDSCH mapping takes into account interference measurement resources. 
Signalling requirements for measuring interference:

UEs assigned a Rel-11 Tx mode need to configured to measure interference on interference measurement REs. In this case also the signalling format for 0-power CSI-RS may be considered as a baseline design. For example indicating resources for dynamically switching between non-CoMP and DPS-CoMP can be enabled by CFG-1 and CFG-2. Further optimization/restriction of signalling (whether CFG-1 and CFG-2 should be related) can be studied, e.g. having CFG-1 and CFG-2 resources in the same subframe can aid UE sleep.

Proposal-4: Consider using 0-power CSI-RS signalling format for configuring a UE (assigned a Rel-11 Tx mode) to measure interference on interference measurement REs
Proposal-5: Consider associating one interference measurement resource to one CSI-RS resource.
It is envisioned that the specification impact in RAN1 related to signalling of interference measurement resources will be along the lines of CSI-RS REs and associated signalling. Further details on the usage of interference measurement resources for different CQI types (wideband/frequency-selective, periodic/aperiodic) will be left to implementation.

4 
Conclusions
In summary we have the following conclusions:
Proposal-1: Consider interference measurement REs to comprise of PDSCH holes only
Proposal-2: Consider interference measurement REs to comprise of 0-power CSI-RS REs as a starting point

Proposal-3: Consider using the signalling for 0-power CSI-RS already specified in Rel-10 to provide both Rel-10 and Rel-11 UEs with PDSCH mapping information. This PDSCH mapping takes into account interference measurement resources. 
Proposal-4: Consider using 0-power CSI-RS signalling format for configuring a UE (assigned a Rel-11 Tx mode) to measure interference on interference measurement REs
Proposal-5: Consider associating one interference measurement resource to one CSI-RS resource.
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