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1. Introduction
For a TM10 UE configured with CSI-IM resources, the behavior defined in the current RAN1 specifications for the interference measurement behavior in terms of the REs that the UE should consider for these measurements contradicts with earlier RAN1 agreements. 
In this paper we discuss this issue and propose a clarification to the RAN1 specifications to mitigate this contradiction.

2. Discussion

Example Configuration:

To illustrate the issue, we use an example where a UE is configured with CSI-IM that partially overlaps with NZP CSI-RS resources. The UE’s behavior of including (or excluding) these NZP CSI-RS resources into its interference measurements is discussed. 

Consider the simple case where 2 TPs are present as shown in figure 1. In this example, consider the following settings for the 2 TPs:

· NZP CSI-RS: 2 ports are configured with subframe configuration (TP1_SC and TP2_SC) and resource configuration (TP1_RC and TP2_RC). Occupying 2 REs in striped pink/purple.
· ZP CSI-RS: configured with the same NZP CSI-RS subframe configuration (TP1_SC and TP2_SC) and using ZeroPowerCSI-RS bitmaps corresponding to NZP CSI-RS resource configuration (TP1_RC and TP2_RC). Occupying 4 REs in striped pink/purple and solid purple.
· CSI-IM: configured with the same ZP CSI-RS subframe configuration (TP1_SC and TP2_SC) and resource configuration (TP1_RC and TP2_RC). Occupying 4 REs in striped pink/purple and solid purple
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Figure 1: Example TM10 2-TP setup with 2 NZP CSI-RS ports configured

RAN1 specifications does not preclude from configuring NZP CSI-RS and ZP CSI-RS using the same subframe and resource configurations. However, if such a collision occurs, NZP CSI-RS takes precedence:
From TS 36.211 subclause 6.10.5.2:
“The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers.”

Also, RAN1 specifications mention that CSI-IM resources shall be completely overlapping with one of the ZP CSI-RS resources:
From TS 36.213 subclause 7.2.6:

“A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the zero-power CSI-RS resource configurations defined in subclause 7.2.7.”
Given the above 2 specification references, the example as in figure 1 is a valid configuration.
Interference Measurements:
In the example above, the CSI-IM resources, for TP1 for example, are partially overlapping with NZP CSI-RS and ZP CSI-RS resources. In this case a UE with serving cell corresponding to TP1 may have 2 different behaviors:
· Behavior 1: Include all the signal within the CSI-IM resources in the interference measurements. In this case, this includes 2 TP1 NZP CSI-RS REs and 4 TP2 PDSCH REs (REs: A, B, E, F, G, and H in figure 1).
· Behavior 2: Only include the ZP CSI-RS REs after the resolution of the collision with NZP CSI-RS in the interference measurements. In this case, this includes 2 TP2 PDSCH REs (REs: G and H in figure 1).
In 36.213 subclause 7.2.3 (CQI definition):
“For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process.”
This statement mentions that the UE shall use only ZP CSI-RS (within CSI-IM resources) as basis for its interference measurements. This may indicate UE behavior 2 above.
Observation 1: 36.213 CQI definition mentions that the UE shall use only ZP CSI-RS (within CSI-IM resources) as basis for its interference measurements (for TM10 configured with CSI-IM).
However, in RAN1#70 [1], it was agreed as part of the chairman notes on the following:
“For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.
Further details of how the UE measures the interference on IMR are left to the UE implementation”
Also, in the same meeting, an LS to RAN4 was agreed [2] using the same wording as in the chairman notes.
The RAN1 agreement and the LS to RAN4 indicate UE behavior 1 above. 

Observation 2: RAN1#70 agreement and LS to RAN4 are such that UE uses all the signals in the REs configured for CSI-IM as part of interference measurements. 
Clearly there is a mismatch between the 36.213 text and the RAN1 agreement. 
Observation 3: There is a mismatch between RAN1#70 agreement and TS 36.213 text on the REs the UE uses to measure interference.
Proposal:

We believe that the original intent of RAN1 is in-line with the RAN1 agreement from RAN1#70 (i.e. behavior 1 above), therefore it is reasonable to clarify the behavior in RAN1. 
Proposal 1: Clarify the TS 36.213 text on the REs (within CSI-IM resource) that the UE measures interference to reflect the RAN1#70 agreement (i.e.: “For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference”). 
3. Conclusions

Observation 1: 36.213 CQI definition mentions that the UE shall use only ZP CSI-RS (within CSI-IM resources) as basis for its interference measurements (for TM10 configured with CSI-IM).
Observation 2: RAN1#70 agreement and LS to RAN4 are such that UE uses all the signals in the REs configured for CSI-IM as part of interference measurements. 
Observation 3: There is a mismatch between RAN1#70 agreement and TS 36.213 text on the REs the UE uses to measure interference.

Proposal 1: Clarify the TS 36.213 text on the REs (within CSI-IM resource) that the UE measures interference to reflect the RAN1#70 agreement (i.e.: “For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference”). 
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