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Introduction
The EB/FD-MIMO WI includes an objective to standardize beamformed CSI-RS in Rel.13. As beamforming weight may vary from subframe to subframe for UE-specific beamformed CSI-RS (class B), restricted time-domain measurement is needed to ensure that UE does not average channel across subframes with different beam weights. This is not possible in the current LTE design where averaging is entirely up to UE implementation and cannot be controlled by the eNB. Measurement restriction was discussed in RAN1#82 where the following three candidate schemes were identified: 
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

In RAN1#bis the following agreements were reached on measurement restriction for class A and class B with K=1 CSI-RS resource. 
Agreement: 

· For classes A and class B and all values of K, 

· MR is independently configurable for each subframe set, when legacy measurement restrictions with two subframe sets are also configured in a CSI process
· One RRC parameter for channel measurement (for class B only) and one RRC parameter for interference measurement (for classes A&B) are provided to enable/disable MR

· FFS at RAN1#83 whether it applies to both periodic and aperiodic CSI reporting or only to aperiodic reporting (i.e. with MR never enabled for periodic reporting)

· For classes A and class B with K=1, Alt 1 (with X=Y=1)

In this contribution we discuss the remaining issues on measurement restriction to finalize this WI. 
Discussion
1.1. Class A, Class B with K = 1

The only remaining issue is whether measurement restriction should be simultaneously turned ON/OFF for PUCCH and PUSCH, or that it is always OFF for PUCCH and configurable for PUSCH. 
First of all it is noted that PUCCH and PUSCH are two physical channels that are used to carry the same CSI-process. Although PUCCH/PUSCH are two physical channels, they are meant to report the same CSI identify, quantify the same wireless propagation link, to be measured exactly on the same CSI-RS resource(s) and CSI-IM(s). From this perspective there is no difference in terms of the content carried by PUSCH/PUCCH. Naturally MR configuration should be the same. The only difference of PUCCH and PUSCH is the CSI frequency-domain granularity (e.g. wideband/narrow-band) and time-domain reporting procedure (e.g. semi-statically or dynamically triggered), but it has nothing to do with MR configuration.
Observation: PUCCH and PUSCH are two physical channels that report the same CSI-process with the same MR configuration. 
If MR is OFF for PUCCH but ON for PUSCH, it is rather unclear how eNB should use PUCCH and PUSCH CSI for link adaptation. For PUSCH CSI, since MR is OFF, beamforming weight is dynamically changing and eNB wants the UE to perform single subframe measurement. Then for PUCCH CSI, if UE channel averaging behavior is un-specified, eNB scheduler has no way to know if/how channel averaging is done at the UE, and the entire PUCCH CSI basically becomes useless. It’s unclear why LTE should support this feature that adds to the UE complexity for no benefits. 
Observation: There is no use case for PUCCH MR OFF and PUSCH MR ON. 

Proposal: MR is turned ON/OFF for PUCCH and PUSCH together. 
1.2. Class B, K > 1

Class B comprises a BI that points to a CSI-RS resource that the UE recommends, and an ensuing CSI report that’s measured on the recommended CSI-RS resource. 
It can be used for cell-specific CSI-RS where beamforming weights are fixed on different subframes, as well for UE-specified CSI-RS where the beamforming weight changes between subframes. For UE-specific application, a small number of beams (e.g. K = 2 or 3) centered around the UE. K beams not necessarily have to to cover the entire cell. 
As demonstrated in [5], both alt-3 and alt-1 (X/Y=1) can be used for Class B with K>1. A comparison between these two approaches is re-captured below:
· Alt-1:

· Advantage: 
Simplest for eNB. Beamformed weight can change at anway subframe.

· Disadvantage: 
Slightly worse CSI accuracy, e.g. about 5% cell-edge performance loss. 

· Alt-3: 

· Advantage: 
Slightly better CSI accuracy. Note that a UE can still choose to perform single-subframe measurement (alt.1) even though alt.3 is configured. 
· Disadvantage: 
CSI filter at eNB scheduler needs to take into the fact that the averaging window is UE-specific. 
[image: image1.png]CSlreference resource

Averaging window, X/Y

!—1—\

subframe
NZP CSI-RS

/CSI-IM




Fig.1: Illustration of Alt.3
From our perspective we are fine with both Alt-1 (X=Y=1) and Alt-3, with a slight preference on Alt-3 due to better cell-edge performance. 
Proposal:  Both Alt-1 (X=Y=1) and Alt-3 can be supported. 

BI measurement accuracy is not a problem with Alt-1 (X/Y=1). Note that BI itself is not a measurement but is a selection of CSI-RS resources based on CSI measurement of each CSI-RS resource. As long as the CSI accuracy is met with Alt-1, BI accuracy is naturally satisfied. As a matter of fact, the CSI accuracy with Alt-1 (single-subframe measurement) will the exactly the same irrespective of value of K. 
Observation: For Alt.3, no further optimization on the measurement window (e.g. based on BI periodicity) is necessary. 
Lastly, previous contributions from CATT on beamformed CSI-RS with K>1 were obtained assuming single-subframe measurement (Alt-1). Under this assumption, we observed significant performance gain of beamformed CSI-RS, as captured in the TR.
Interference measurement restriction
Contrary to wireless channel that is correlated in the time domain and benefits from multi-subframe averaging, interference is bursty in nature and independently changes subframe-to-subframe due to time-domain selective scheduling in the neighbor cells. Give the lack of time domain correlation, Alt-1 with X = 1 seems sufficient for interference measurement restriction, if configured ON. If time-domain averaging is deemed necessary for interference measurement, MR can be simply turned OFF. No further optimization is needed in our view. 
Proposal:
· For interference measurement restriction, adopt Alt-1 with X = 1.
Conclusions

In this contribution we discussed measurement restriction for UE-specific beamforming CSI-RS. Based on the discussion our preferences are summarized below:
Proposal:

· For Class A and Class B with K = 1
· Same MR configuration for PUCCH and PUSCH.
· For Class B with K>1

· Channel measurement: 

Both Alt-1 (X=1) and Alt-3 are acceptable.

· Interference measurement:
Alt-1 (X=1).

· Same MR configuration for PUCCH and PUSCH.
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