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1 Introduction  
At RAN1#82 meeting, the following agreements and conclusions were achieved
Agreed definition for further study/evaluation
· For a given CSI process, if MR on channel measurement is ON, then the channel used for CSI computation can be estimated from X NZP CSI-RS subframe(s) up until and including CSI reference resource 

· Channel measurement is derived from NZP CSI-RS

· FFS on MR based on L1 triggering and/or higher-layer signaling for dynamic CSI request

· Depending on the chosen scheme, X can be either explicitly configured or selected by the UE between 1 and ZX 

· For a given CSI process with CSI-IM(s), if MR on interference measurement is ON, then the interference used for CSI computation can be estimated from Y CSI-IM subframe(s) up until and including CSI reference resource

· Interference measurement is derived from CSI-IM

· FFS on MR based on L1 triggering and/or higher-layer signaling for dynamic CSI request

· Depending on the chosen scheme, Y can be either explicitly configured or selected by the UE between 1 and ZY 
· If a CSI process can be configured without CSI-IM, for a given CSI process without CSI-IM(s), if MR on interference measurement is ON, then interference used for CSI computation can be estimated from V subframe(s) up until and including CSI reference resource

· For a given CSI process, MR may be higher-layer configured for both channel and interference

· MR for channel and interference can be configured independently

· Note: Channel and interference MR are considered independently
· Note: Interference measurement restriction for CSI processes configured with CSI-IM or without CSI-IM can be considered, independently
· Interaction with other features (e.g. eIMTA, FeICIC, COMP) is FFS
Agreements on alternative schemes:
· Alt.1: Fixed MR ON or OFF via higher-layer configuration

· X/Y are fixed to a single value respectively in specification

· Alt.2: Configurable MR ON or OFF via higher-layer configuration

· X={OFF, 1, … , NX} are higher-layer configurable

· Y={OFF, 1, … , NY} are higher-layer configurable 

· Alt.3: CSI measurement is periodically reset

· Reset period and subframe offset are higher-layer configured

· Note: X is selected by the UE between 1 and ZX where ZX is the number of CSI-RS subframes between the latest measurement reset and the CSI reference resource.

· Note: Y is selected by the UE between 1 and ZY where ZY is the number of CSI-IM subframes between the latest measurement reset and the CSI reference resource.
· Note that other alternatives are not precluded

Conclusion:

· Continue discussion until RAN1 #82bis meeting about necessity for channel and interference MR 
· Note: Needs for channel and interference MR are considered independently

In this contribution, the necessity of MR for channel measurement and interference is discussed for  non-precoded and beamformed CSI-RS respectively.
2 Motivation for MR  
2.1 MR on channel measurement
For UE-specific beamformed CSI-RS, the precoding used for CSI-RS may vary across different subframes. For example, when UE moves from position A to B, eNB can reconfigure the precoding weights for the CSI-RS. If eNB configures different precoding weights for one CSI-RS resource at two CSI-RS transmission instances. The channel measurement based on time interpolation or averaging over a time interval would not be accurate. Thereby MR for channel measurement in time domain in case of UE-specific beamformed CSI-RS is necessary. The same problem may also exist for frequency-domain interpolation or averaging across different subbands or PRBs. The reason is that different precoding weights are used for CSI-RS in different subbands/PRBs. Hence, MR for channel measurement in frequency domain is necessary.  

For non-precoded NZP CSI-RS with {[8], 12, 16} ports in Rel-13, the CSI measurement behavior on channel measurement should be same as legacy UE, and therefore it does not see the need to do MR for channel measurement.  

2.2 MR on interference measurement
In Rel-10, CSI-IM is configured and supported to perform the interference measurement from adjacent cell. In Rel-13, the enhancement for interference measurement with/without CSI-IM is discussed in our companion contribution [2]. 

For UE-specific beamformed CSI-RS based scheme, the intra-cell and/or inter-cell interference will dynamically change and the flashlight effect becomes more severe. In order to mitigate this flashlight effect, MR on interference measurement can be used to track the interference from a certain precoding weight in adjacent cells or intra-cell. For the case interference measurement without CSI-IM, the beamformed NZP CSI-RS varies in time/frequency, the interference measurement based on NZP CSI-RS will also be impacted. Hence, it is useful to support MR on interference measurements.
Proposal 1: MR on channel measurement and interference measurement in time domain and frequency domain should be supported for UE-specific beamformed CSI-RS. For non-precoded CSI-RS with {[8],12,16} ports, MR on channel and interference measurement is not needed.
3 Discussion on the three alternatives of MR configuration
For MR configuration, three alternatives were given at the last meeting. The analysis on MR for channel and interference are separately given in the following subsections.   
3.1 Discussion on MR on channel measurement
For Alt.1, MR {ON, OFF} is configured to UE by high layer signalling. When MR is ON, a fixed length X for sliding window of CSI measurement is assumed. X can be set to be one, i.e. CSI computation is restricted to one subframe. As seen in [3], the system performance with single subframe’s MR is comparable to the system performance with ideal CSI measurement in high SINR region.  While in the low SINR region, a visible performance difference between the two schemes is observed.  Based on the observation, it can be found that for UEs with high geometry SINR, a single subframe’s MR is enough. While for UEs with lower geometry, CSI measurement based on the time interpolation/averaging across multiple CSI-RS subframes is preferred to approach the system performance with ideal channel estimation. 
In order to support different CSI measurement requirement, MR with a fixed value for channel measurement is not flexible. 
For Alt.2, the value X for MR is configured to UE by higher layer signalling.  The value of X can be set to be any one in {OFF, 1… NX}. Hence it can flexibly support different CSI measurement requirement.
For Alt.3, configured parameters by high layer signalling include the reset period and subframe offset for CSI measurement. In order to track the variation of beamformed CSI-RS, the starting CSI-RS subframe corresponding to the variation of CSI-RS beamforming is configured to UE. From the reset measurement time to CSI reference time, the beamformed CSI-RS can be same or different. UE selects and decides the MR value X for channel by itself during this CSI measurement time interval.
Considering the knowledge of beamformed CSI-RS is known by eNodeB in Rel-13. Thereby, It is preferred that the configuration of MR should be decided by eNodeB, which is better supported by Alt.2.
3.2 Discussion on MR on interference measurement
Similar to MR on channel measurement, eNB configures a MR value Y to UE.  If MR on interference measurement is ON, the interference can be estimated from Y CSI-IM subframe(s) up until and including CSI reference resource. 

As seen in [2], the interference measurement can be based on CSI-IM or NZP CSI-RS (i.e. without CSI-IM). When the interference measurement bases on CSI-IM, the MR for interference is similar to the MR for channel measurement. An independent MR value Y for interference can be configured to UE. 

While for interference measurement without CSI-IM, both channel measurement and interference measurement are from NZP CSI-RS. Thereby, the relationship between the MR value X for channel and MR value Y for interference need to be further studied. 
Proposal 2: Alt.2 with configurable X/Y is preferred for MR. 

4 Conclusions
In the contribution, the analysis and comparison on the Alt 1~Alt 3 is discussed. There are the following proposals:
Proposal 1: MR on channel measurement and interference measurement in time domain and frequency domain should be supported for UE-specific beamformed CSI-RS. For non-precoded CSI-RS with {[8],12,16} ports, MR on channel and interference measurement is not needed.
Proposal 2: Alt.2 with configurable is preferred for MR. 
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