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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 RAN1#79 meeting, we presented a contribution [1] to discuss this issue. Further email discussion was planned before RAN1#80 meeting. 

In this paper we discuss this issue and propose a clarification to the RAN1 specifications to mitigate this contradiction.

2. Discussion

A UE configured in TM10 mode will use CSI-IM resources to do the interference measurements used for the CSI calculations. However, there can be different behaviors on what signals to include within the configured CSI-IM: 

· Behavior 1: Include all the signals within the CSI-IM resources in the interference measurements.

· Behavior 2: Only include the ZP CSI-RS REs after the resolution of the collision with NZP CSI-RS in the interference measurements.

The CQI definition section of TS 36.213 (subclause 7.2.3) can be interpreted in line with behavior 2.

“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.”
However, in RAN1#70 [2], 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 [3] using the same wording as in the chairman notes. 
Observation 1: There is a mismatch between RAN1#70 agreement and TS 36.213 text on the REs the UE uses to measure interference.

Also in the LS to RAN4 [3], the following was mentioned:
“RAN1 would like to inform RAN4 that RAN1 agreed in RAN1#70 to adopt the granularity of 4 REs / PRB for Interference Measurement Resource (IMR)”
This means that RAN4 is assuming IMR to use a granularity of 4 REs/PRB in their performance requirements. Therefore, it is desirable that any RAN1 agreement regarding the issue in this paper still assumes 4 REs/PRB for IMR.
Further email discussions took place and the following options summarizes the discussions (Options 1 and 2 confirm RAN1#70 agreement with more clarification, option 3 confirms the 36.213 specifications):
· Option 1: Include all the signals within the CSI-IM resources in the interference measurements regardless of what channels/messages collide with the CSI-IM resource
· Option 2: Include all the signals within the CSI-IM resources in the interference measurements after applying the same CSI-RS dropping rules for collision with PSS/SSS and PBCH (and possibly paging)

· Alt a: treat the configuration as invalid 

· Alt b: apply the rules per sub-frame basis

· Alt c: apply the rules per RE basis

· Option 3 (was not discussed in the email but just for completion): keep the existing specs unchanged

Considering option 2:

Since CSI-IM has a periodicity of multiples of 5 ms, the following can happen:
· If CSI-IM is configured to collide with PSS/SSS, then all CSI-IM resources will have to be dropped

· If CSI-IM is configured to collide with PBCH, then:

· All CSI-IM resources will have to be dropped if CSI-IM periodicity is a multiple of 10ms

· Every other CSI-IM resources will have to be dropped if CSI-IM periodicity is a multiple of 5ms

Considering the above, if option 2 (Alt b) is adopted, only a subset of the CSI-IM resources will be available in certain configurations (other configurations may not have any CSI-IM resources). Also it is not clear and needs further study on the performance of the UE in such case (where limited number of interference measurements are available).

Option 2 (Alt c) where the UE only drops the interference measurements from CQI calculations on the REs that CSI-IM collide with PSS/SSS/PBCH (and possibly paging): this is to argue that in a WB system it may not be necessary to drop all the CSI-IM resources in a SF for the reason that only a smaller subset collide with PSS/SSS/PBCH. In this case, the UE needs to handle the interference measurements on the REs dropped for its WB CQI calculations where we may have 2 behaviors:

· Option 2 (Alt c) behavior 1: Define how the UE handles the missing interference measurements in the WB CQI calculations

· Option 2 (Alt c) behavior 2: Leave it up to UE implementation on how to handle the missing interference measurements in the WB CQI calculations

Option 2 (Alt c) behavior 1 requires a lot of work to define and is not clear on the benefit of the study from the standards perspective. Therefore, if Option 2 (Alt c) is adopted, we propose to leave it up to UE implementation on how to handle the missing interference measurements in the WB CQI calculations.

Proposal 1: In case Option 2 (Alt c) is adopted, consider leaving it up to UE implementation on how to handle the missing interference measurements in the WB CQI calculations
For simplicity and to ensure the same performance understood by RAN4, we propose that if option 2 is adopted that Alt a is chosen.

Proposal 2: In case Option 2 is adopted, consider choosing Alt a (treat the configuration as invalid).
Considering option 1:

Option 2 may have the disadvantage of limiting the network flexibility to schedule the UE. It may be better in this case to keep the collision decision to the network. If a network decides to configure overlapping CSI-IM and PSS/SSS/PBCH, then it may account for that in the CSIs that the UE send. 
Proposal 3: Consider using option 1: Include all the signals within the CSI-IM resources in the interference measurements regardless of what channels/messages collide with the CSI-IM resource, and leave it up to network implementation to decide on the collision between CSI-IM and PSS/SSS/PBCH.

3. Conclusions

Further email discussions took place and the following options summarizes the discussions (Options 1 and 2 confirm RAN1#70 agreement with more clarification, option 3 confirms the 36.213 specifications):

· Option 1: Include all the signals within the CSI-IM resources in the interference measurements regardless of what channels/messages collide with the CSI-IM resource
· Option 2: Include all the signals within the CSI-IM resources in the interference measurements after applying the same CSI-RS dropping rules for collision with PSS/SSS and PBCH (and possibly paging)

· Alt a: treat the configuration as invalid 

· Alt b: apply the rules per sub-frame basis

· Alt c: apply the rules per RE basis

· Option 3 (was not discussed in the email but just for completion): keep the existing specs unchanged

Proposal 1: In case Option 2 (Alt c) is adopted, consider leaving it up to UE implementation on how to handle the missing interference measurements in the WB CQI calculations
Proposal 2: In case Option 2 is adopted, consider choosing Alt a (treat the configuration as invalid).

Proposal 3: Consider using option 1: Include all the signals within the CSI-IM resources in the interference measurements regardless of what channels/messages collide with the CSI-IM resource, and leave it up to network implementation to decide on the collision between CSI-IM and PSS/SSS/PBCH.
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