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Introduction
The EB/FD-MIMO WI includes an objective to standardize beamformed CSI-RS in Rel.13. For UE-specific beamformed CSI-RS (CSI reporting class B), as the beamforming weight may vary from subframe to subframe, restricted time-domain measurement is needed to ensure that UE does not perform channel averaging across subframes with different beamforming weights. This is not possible in the current LTE design where UE time domain 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 this contribution we compare these three alternatives and provide our reviews. 
Restriction on channel measurement
With Alt.1, measurement restriction is RRC configured OFF/ON on a per CSI-process basis where the number of subframes for measurement (e.g. X) is fixed in the specification. Depending on the value of X, the mechanism may have different impact on the system performance and scheduling flexibility.
X = 1 is the simplest choice from specification perspective. It also minimizes eNB scheduling restriction because the eNB may change its beamforming weight at arbitrary subframe without special treatment for the beamforming adaption pattern, CSI-RS periodicity/offset, and CSI feedback periodicity/feedback configuration for various UEs. The flip-side of this scheme is that CSI measurement accuracy may suffer due to fewer channel measurement samples. In the appendix we provide system-level performance evaluation of N subframe channel averaging, where it is shown that N = 1 has non-trivial performance loss compared to N = 4. In summary, alt-1 with X = 1 is the simplest, but slightly worse in system performance.
Alt.1 with X > 1 limits the eNB scheduling and CSI triggering flexibility. An example is shown in Figure 1 below, where each block indicates a CSI-RS subframes and different colors signal different beamforming weight on the eNB side. Without loss of generality, one can assume X = 4. Since the UE always measures X=4 subframes prior to each CSI feedback, eNB cannot trigger CSI feedback until at least X = 4 subframes after the beamforming switching point (the dashed line). Hence, Alt-1 with X>1 is not preferred. 
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Fig. 1: beamforming switching and its restriction on Alt-1.

Alt.2 is essentially the same as Alt-1 if Nx = 1. If Nx >1, the same issue discussed above persists. 
With Alt-3 the eNB is allowed to change its beamforming weight at fixed switching instances (e.g. the red arrows) whose time domain locations are signalled to the UE. It is noted that the eNB is not mandated to change the beamforming weight on every switching instance but the UE anyway is not allowed to measure across the switching instance. The exact averaging window at the UE side is not a fixed value but varies as a function of subframe index, therefore allowing multi-subframe averaging to a certain extent with improved CSI accuracy. The mechanism is well aligned with LTE timing framework and can be easily specified. It also does not incur any eNB scheduling or CSI triggering restriction. As a conclusion, Alt-3 achieves a good amount of balance between CSI measurement accuracy and eNB scheduling flexibility, and therefore is most preferred in our view.
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Fig. 2: Illustration of Alt-3
Proposal: 
· Alt-3 is most preferred.

· Alt-1with X = 1 is also acceptable; it results in some performance loss but has no limitation on the eNB configuration flexibility.
· Alt-2 is not preferred.

Restriction interference measurement

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 (if needed), 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 channel measurement

· Alt-3 is most preferred.

· Alt-1with X = 1 is also acceptable
· Alt-2 is not preferred.

· For interference measurement restriction (if needed), adopt Alt-1 with X = 1.
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Appendix
In Figure 3, the cell-edge performance is compared when each CSI report is averaged over N CSI-RS subframes, where N = 1, 2, 4. Compared to the baseline performance with N = 1, 5-10% cell-edge performance gain is achieved by multiple subframe measurement with N = 2 and N = 4. As a conclusion, provided that the beamforming weight are static within the measured set of subframes, it is beneficial to allow channel averaging over multiple CSI-RS subframes, subject to the eNB’s control. 
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Figure 3: Cell-edge performance gain of multple subframe CSI mesurement in 3D-UMi scenario (λ=5)
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