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Introduction
In RAN1 #69 meeting, some agreements on CQI definition of CoMP are reached as follows:  
· 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
In this contribution, we further discuss the remainin issues on interference measurement and configuration, and also including the maximum number of CSIs, aiming to finalize the CQI design of CoMP. 
2 
CQI definition
In RAN1#69, there were two main methods discussed for interference measurement, one only relying on zero-power interference measurement resources (IMR), and the other using NZP CSI-RS resources (together with UE emulation) in addition to IMR. In case of assuming an isotropic signal from NZP CSI-RS as interference, the traffic load will not be reflected properly in the measured interference. Also allowing implementation specific algorithms for interference emulation will make the interference estimates less predictable by the eNB. Considering the complexity of specification and RAN4 testing, specifying only IMR for interference measurement seems to be a rational choice.
Proposal 1: Interference measurement on NZP CS-RS resources along with UE emulation of interference need not be specified. 
It is already agreed that different IMRs associated with different CSIs can be configured independently as well as different CSI-RS resources can be configured independently. From a CSI reporting perspective, even though multiple CSIs could be compressed to allow a common RI, it is not well-justified. In general, different interference hypothesis will impact SINR range of UEs, and cause RI selection to change. As a consequence independent reporting mechanism for each CSI is desirable. 
Proposal 2: Adopt independent reporting mechanism for each CSI (or CSI process).
In support of CoMP operation, configuration and reporting of multiple CSIs was agreed in previous meetings. Naturally, the concept of a CSI process is introduced and associated with one CSI-RS and one IMR. Note that in Rel-10, CSI reporting is associated with a CC with the introduction of carrier aggregation. As a natural extension, each CSI process could be associated with a CC. In order to limit UE complexity, a maximum of 3 CSI processes may be allowed per CC for a given UE [2]. Furthermore, at most 5 CSI processes may be allowed when multiple CCs are configured so that the maximum UE complexity can remain similar to Rel-10 UE complexity with carrier aggregation. . 
Proposal 3: Each CSI process is associated with one CC. A maximum of 3 CSI processes can be configured for one CC, and at most 5 CSI processes (in total) may be configured for all CCs.
In support of Rel-10 eICIC, subframe restriction was introduced for defining two different interference hypotheses for CSI reporting. In the context of CoMP, a clarification is needed on whether one CSI process could be used with two subframe subsets or not. Considering at most 5 CSI processes configured for one UE, it is necessary to allow one or more CSI processes to be used with the configured subframe subsets. This can facilitate the coexistence of CoMP and eICIC.
Proposal 4: A UE configured with subframe subsets could also be configured with multiple CSI processes simultaneously. In that case, the UE should measure interference according to the configured subframe subsets corresponding to that CSI process to facilitate the coexistence of CoMP and eICIC.
Following this principle, if one UE is configured with 5 CSI processes associated with subframe subsets, the UE has 5*2=10 periodic feedback hypotheses: each is linked to one subset and its CSI process. In aperiodic feedback, for each triggering instant, only one subset could be triggered therefore the maximum number of reports can remain 5. 
It may be noted that eNBs could also configure two IMRs and associate them with a single NZP CSI-RS resource for obtaining CQI information similar to that obtained via subframe subset restriction. In this case two CSI processes can be envisioned – one corresponding to low-interference subframes and another corresponding to high-interference subframes. This would require TPs to share IMR configuration information that may be possible in certain cases e.g. within a CoMP coordinating set via X2 or otherwise. One advantage of this approach is that the periodicity of the configured IMRs (multiple of 5ms) is not affected by the periodicity of ABS subframes (8ms). 
3 
Interference configuration
The main outstanding issue raised in RAN1#69 was to consider ways of reducing the planning effort needed for the configuration of interference measurement resources (IMR). Regarding the issue of reducing planning effort, our proposal is to consider defining a default IMR. This default IMR may be defined in a cell-specific way and a UE should be able to determine the default IMR from the PCID. It should also be possible to configure IMR for an UE by explicit signaling that would be applicable for scenario-4 or other cases.
Proposal-5: Consider defining a default IMR in a cell-specific way. It should also be possible for an eNB to explicitly configure an IMR in a UE specific way especially in scenario-4.
It was also discussed in RAN1#69 and via subsequent emails whether and how to increase the reuse factor for IMR configurations. In this regard two main categories of techniques can be considered – (i) orthogonal IMR configurations (ii) non-orthogonal IMR configurations. Our preference is to consider non-orthogonal configurations for increasing the reuse of IMR configurations.
Proposal-6: Consider non-orthogonal configurations for increasing reuse of IMR configurations.
Some examples considering Proposal-1 and Proposal-2 are given below- 
Natural evolution from Rel-10: The overhead for Rel-10 UEs will be 4REs/PRB. This is the minimum overhead for Rel-10 UEs. The density of IMR can also be 4REs/PRB. Reuse factor for IMR measurement configuration is 10. The IMRs are non-overlapping (or orthogonal). Note that the overhead due to IMR for Rel-10 UEs is the same as the density of IMR for Rel-11 UEs which is an efficient utilization of resources.
High reuse factor – approach 1: One group of 4REs can be selected from 10 possible groups in 10 different ways for each PRB. Note that selecting more than one group increases the overhead for Rel-10 UEs. Also 2 REs can be selected from 4 REs in a selected group in 6 different ways. So reuse factor attained in this way is 10x6=60. An option to increase the reuse factor is by including hopping across PRBs [CITE DCM]. Considering hopping within two PRBs in frequency, the reuse factor can be increased to 60*6=360. Considering hopping within three PRBs in frequency, the reuse factor can be increased to 60*6*6=2160. The overhead for Rel-10 UEs is 4REs/PRB. The density of IMR is 2REs/PRB which might not lead to sufficiently good interference estimation reliability. The IMRs can be overlapping (non-orthogonal). Note that the overhead for Rel-10 UEs due to IMR is two times the density of IMR. Rel-11 UEs, however, need not be restricted to have the same muting patterns as Rel-10 UEs. In this approach it is beneficial to have an addressing granularity of 2REs/PRB for muting Rel-11 UEs.
If we have 2 PRB hopping, then 360 IMR configurations are available. A default IMR configuration can then be given by IMRE_CFG(n)=NIDCell mod 360.
High reuse factor – approach 2: Two groups of 4REs can be selected from 10 possible groups in 45 different ways for each PRB. Note that selecting more groups increases the overhead for Rel-10 UEs. Also 2 REs can be selected from 4 REs in a selected group in 6 different ways. So reuse factor attained in this way is 45x6x6=1620. In this case there is no need for hopping across PRBs for achieving high reuse. The overhead for Rel-10 UEs is 8REs/PRB. The density of IMR is 4REs/PRB. The IMREs can be overlapping. Note that the overhead for Rel-10 UEs due to IMR is two times the density of IMR. As in approach 1, in this approach also it is beneficial to have an addressing granularity of 2REs/PRB for muting Rel-11 UEs.
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Figure 1: Figure explaining - High reuse factor – approach 2
Proposal-7: Consider limiting overhead for Rel-10 UEs to 8REs/PRB when defining IMR configurations for high reuse.Also consider addressing granularity of 2REs/PRB for muting Rel-11 UEs when defining such configurations.
Given that the main motivation of larger reuse factor for IMR design is to reduce network planning effort, it’s straight forward to apply a larger reuse factor design to the default IMR case. Since a default IMR can be associated with the cell id, if the reuse factor of IMR is larger than (or similar to) 504, we can guarantee each cell is associated with a different IMR. In contrast, whenever an eNB decides to explicitly configure the IMR for a certain UE, it is less beneficial to have a larger reuse factor, e.g. the RRC signaling for configuring IMR could only be a subset of the available default IMR configurations. 
Proposal-8: Apply larger reuse factor design for default IMR associated with cell id while considering only limited reuse factor design for explicitly configured IMRs. 
Some other issues related to IMRs also need to be finalized.
a) Number of IMRs that can be configured for a Rel-11 UE
It is not clear whether this needs to be specified. The number of CSI processes for feedback reporting definitely needs to be limited. 
b) Whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources
It is not clear to us whether NZP CSI-RS resources can bring additional benefits. Therefore we don't think it is necessary to consider NZP CSI-RS resources for IMR.
c) Whether an IMR can have finer granularity than 4 REs/PRB
As mentioned in our previous contribution, this is a tradeoff between performance and overhead/signalling complexity. At this point we think 4REs/PRB granularity is a good choice for IMR considering a natural evolution from Rel-10. If, however, there is an agreement to increase the reuse factor for IMR configurations significantly, then the overhead considerations should be relooked at. 
6 
Conclusions
Proposal 1: Interference measurement on NZP CS-RS resources along with UE emulation of interference need not be specified. 
Proposal 2: Adopt independent reporting mechanism for each CSI (or CSI process).
Proposal 3: Each CSI process is associated with one CC. A maximum of 3 CSI processes can be configured for one CC, and at most 5 CSI processes (in total) may be configured for all CCs.
Proposal 4: A UE configured with subframe subsets could also be configured with multiple CSI processes simultaneously. In that case, the UE should measure interference according to the configured subframe subsets corresponding to that CSI process to facilitate the coexistence of CoMP and eICIC.
Proposal-5: Consider defining a default IMR in a cell-specific way. It should also be possible for an eNB to explicitly configure an IMR in a UE specific way especially in scenario-4.
Proposal-6: Consider non-orthogonal configurations for increasing reuse of IMR configurations.
Proposal-7: Consider limiting overhead for Rel-10 UEs to 8REs/PRB when defining IMR configurations for high reuse. Also consider addressing granularity of 2REs/PRB for muting Rel-11 UEs when defining such configurations.

Proposal-8: Apply larger reuse factor design for default IMR associated with cell id while considering only limited reuse factor design for explicitly configured IMRs.
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