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1
Introduction
In RAN1#67, it was agreed that the support provided in Rel-10 for interference measurements (IM) is not satisfactory for Rel-11, and that IM using CRS REs alone are also not satisfactory for Rel-11.
In an earlier contribution [1], we discussed what types of coordination between cells may be available to measure interference arising outside the cooperating group (which is typically assumed to be the same as the CoMP measurement set), here termed out-of-group interference (OGI). This is necessary in order for a UE to report accurate CQI for CoMP techniques such as joint transmission and dynamic point blanking This Tdoc discusses use of ZP CSI-RS configurations as interference measurement resources (IMR) which can permit correct interference measurements (IM) of OGI at the UE.

Another source of interference may be TPs inside the cooperating group, for example if dynamic point selection (DPS) is in use. Other contributions have discussed what support may be needed in CSI-RS specifications to permit this in-group interference (IGI) to be measured or estimated, based on appropriate assumptions at the UE.

Thus, flexibility is needed in the configuration of CSI-RS patterns to support CoMP in Rel-11. Agreements in RAN1#68bis [2] included:

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

The definition of IMRs in RAN1 could include specification support for correct measurement or estimation of both OGI and IGI, although their methods may be different. In this Tdoc we consider what resources would be needed for OGI measurement.
2
Discussion
Measurements of OGI are necessarily conducted appropriately in resources in which there is no transmission from within the coordinating group. This implies that, in addition to the Rel-10 style NZP and ZP configurations, definition of an additional coordinated IMR pattern across the coordinating group is required. We assume that any estimates for interference arising from TPs within the CoMP measurement set are obtained by some other means. For example, in the case of DPS they could be derived from measurements of the received power of the corresponding NZP CSI-RS.
Additional CSI-RS configurations intended for Rel-11 operation will puncture PDSCH for Rel-10 UEs which can receive only one configuration from the network. It is therefore desirable to make additional IMR CSI-RS configurations to be ZP CSI-RS rather than NZP where possible so that the disruption to PDSCH in legacy UEs is reduced.
Proposal 1: The UE shall assume that IMR for measuring out-of-group interference are ZP CSI-RS, at least from the serving cell viewpoint.
2.1
Limitations of Rel-10 NZP and ZP CSI-RS specification

Considering the resource needs for IM in Rel-11 CoMP, we identify the following limitations in Rel-10 specifications:

· Zero or one NZP CSI-RS configuration is available per cell. At RAN1#68bis [2], it was agreed to lift this restriction, although the exact standardization of this is not yet agreed.

· A single bitmap per cell, ZeroPowerCSI-RS, signaled by higher layers, is available to indicate any number of CSI-RS configurations as having zero power in the serving cell. Whilst only one such bitmap can be signaled, it can incorporate any number of the four-port NZP CSI-RS patterns as ZP patterns. There is no agreement thus far in Rel-11 to allow additional signaling of ZP CSI-RS patterns beyond that available in Release 10.
· Since they are treated together as a single ZP configuration, all the patterns comprising ZeroPowerCSI-RS must occur in the same subframe. Thus a Rel-10 ZP CSI-RS configuration can be used to allow IM of multiple TPs or CSI reports for multiple CoMP hypotheses, but only if all the relevant CSI-RS have the same subframe configuration.

· The configuration of ZP CSI-RS is restricted to be from among the four-port CSI-RS RE patterns only. As identified in, e.g., [1], this can cause wastage of REs when NZP CSI-RS in coordinating cells are configured for fewer than four ports. As it becomes necessary to configure a set of ZP CSI-RS patterns in future systems, this wastage will grow.
2.2 
Design of multiple ZP CSI-RS configurations
The key proposal we make in this Tdoc is that, in order to measure OGI, there needs to be at least one coordinated, CoMP-group wide ZP pattern within which the UE can assume no transmission occurs from within the CoMP-group. Beginning from this requirement, we identify some further restrictions that could be placed on the ZP CSI-RS configuration to make this practical.

Proposal 2: It should be possible to configure at least one common ZP CSI-RS pattern among all the cells in the CoMP coordinating group. This is signaled to the UE as an IMR pattern separately from the Rel-10 ZP CSI-RS pattern as being for measurements of OGI.
2.2.1
Combinations of Rel-10 RE patterns

For the common ZP CSI-RS pattern(s) to be useful for OGI measurements, they should be non-overlapping with all the NZP CSI-RS patterns within the coordinating group.
Proposal 3: OGI measurements can be made in IMR REs that do not overlap with any NZP CSI-RS patterns from within the CoMP coordinating group.
Since the purpose of expanding ZP CSI-RS is to provide specification support for measurements in multiple CoMP hypotheses and multiple coordinating subsets of TPs, we propose to retain the flexibility of one IMR configuration being able to represent multiple CSI-RS resource patterns. This gives the network the flexibility to choose (within constraints) any number of REs to configure for OGI measurements – this could be as few as the number of REs in a single CSI-RS resource configuration, or as many as the sum of all 8-port patterns used simultaneously.
Proposal 4: One IMR can include the REs which correspond to multiple NZP CSI-RS resources, in the same way that the ZP CSI-RS can be configured to correspond to multiple NZP CSI-RS in Rel-10. 
2.2.2
RE occupancy of a ZP configuration

As identified in Section 2.2, and [1], ZP patterns in Rel-10 use more REs than are necessary to match 1 and 2-port CSI configurations. Since it is desirable to minimize unnecessary overhead, the new ZP CSI-RS configurations would preferably be selectable at the level of the 1 or 2-port NZP CSI-RS pattern, i.e. 2 REs per port, rather than the 4 REs/port in current specifications.
Proposal 5: It is possible for IM resources to be configured from among the patterns corresponding to any of the NZP CSI-RS configurations.
3. 
Conclusions

We have proposed several enhancements to the specification of ZP CSI-RS patterns so that they may be used as OGI (out-of-group interference) measurement resources in CoMP with correct assumptions at the UE regarding the CoMP and interference scenarios:

1. The UE shall assume that IMR for measuring OGI are ZP CSI-RS, at least from the serving cell viewpoint.
2. It should be possible to configure at least one common ZP CSI-RS pattern among all the cells in the CoMP coordinating group. This is signaled to the UE as an IMR pattern separately from the Rel-10 ZP CSI-RS pattern as being for measurements of OGI. 

3. OGI measurements can be made in IMR REs that do not overlap with any NZP CSI-RS patterns from within the CoMP coordinating group.

4. One IMR can include the REs which correspond to multiple NZP CSI-RS resources, in the same way that the ZP CSI-RS can be configured to correspond to multiple NZP CSI-RS in Rel-10. 

5. It is possible for IM resources to be configured from among the patterns corresponding to any of the NZP CSI-RS configurations.
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