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Introduction
At the RAN1 #82 meeting, there were intensive discussion on the design of CSI measurement and feedback for elevation BF and FD-MIMO [1]. It was agreed that Rel. 13 CSI reporting with PMI supports two different classes (class A and B), which mainly target at CSI reporting for non-precoded and beamformed CSI-RSs, respectively.  For UE-specific BF CSI-RS, necessity of CSI and CSI-IM measurement restriction was raised and following agreements were reached in terms of alternative schemes [1,2].
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/Y are not configured 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 discuss detailed scheme of CSI and CSI-IM measurement restriction for BF CSI-RS.
CSI Measurement Restriction
In the SI, UE-specific beamformed (BF) CSI-RS was identified to be promising for Rel. 13 MIMO technology. Fig. 1 shows example operations for UE-specific BF CSI-RS, for TDD and FDD systems respectively. For both examples, UE-specific BF CSI-RS is beamformed toward particular UE(s) based on prior channel state information, i.e., channel reciprocity in TDD system and beam index (BI) feedback in FDD system. UE is supposed to feedback CSI, i.e., RI, PMI and CQI, based on received UE-specific BF CSI-RS. The eNB may dynamically change beamformer depending on the variation of the prior CSI and, generally, UE should not average out multiple channel estimation samples if different beamformers are used to form the BF CSI-RS. In this sense, CSI measurement restriction (MR) is very important in order to avoid inaccurate channel estimation caused by dynamic switching of beamformer. Considering the use cases described above, CSI measurement restriction should be applied at least for CSI reporting class B.
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(a) TDD                                                     (b) FDD   
Figure 1: Example operations for UE-specific BF CSI-RS
Proposal 1: CSI measurement restriction should be applied at least for CSI reporting class B.
In the last meeting, three alternatives for the measurement restriction are proposed as illustrated in Fig. 2, in which X and Y in the figure represent the length of averaging window for CSI and CSI-IM, respectively. Alt. 1 and Alt. 2 enable measurement restriction with a window length of X and Y TTIs, where Alt. 2 enables higher flexibility in terms of the configurability of window length. It is noted that the optimum window length may differ depending on deployment conditions such as UE mobility. In addition, considering that there is amount of freedom for the implementation of UE-specific BF CSI-RS, Alt. 2 can be beneficial compared to Alt. 1. On the other hand, Alt. 3 adopts periodic reset together with the averaging window. By using the reset timing, we can allow drastic beam switching around reset timing. Considering the example in Fig. 1 (b) and assuming that the resolution of the beams is low, i.e., adjacent beams are greatly different, it may be beneficial to apply the measurement reset in conjunction with beam switching. Alt. 3 can be also used for MU-CSI estimation. More specifically, UE pair for MU-MIMO can be switched with the same periodicity with MR reset timing and eNB can measure different CSI for different UE pair. One drawback for Alt. 3 can be the degradation of channel/interference estimation accuracy immidiately after the reset timing. Considering the discussion above, we have following proposal.
Proposal 2: Alt. 2 or Alt. 3 should be applied for CSI measurement restriction.
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Figure 2: Illustration of measurement restriction
In order to reduce CSI-RS overhead, CSI-RS resource can be shared by multiple UEs, which is also known as resource pool. Fig. 3 shows example operation of the aperiodic CSI report resource pool using UE-specific BF CSI-RS. In this example, both UEs are configured with the same CSI-RS configuration with the transmission period of 5 ms. In subframe #0, eNB transmits UE-specific BF CSI-RS toward UE A together with corresponding CSI request for UE A. Similarly, in subframe #5, eNB transmits UE-specific BF CSI-RS toward UE B together with corresponding CSI request for UE B. In this case, beamformed CSI-RSs for the same UE can be averaged, e.g., two yellow CSI-RSs can be averaged. On the other hand, beamformed CSI-RS should not be averaged otherwise, e.g., yellow ones should not be averaged with green and white ones.
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Proposal 3: CSI measurement restriction can be applied based on CSI request trigger on top of semi-static measurement restriction (i.e., Alt. 2 or 3).
· CSI-RS for same UE with same CSI request bits can be averaged.
· CSI-RS should not be averaged otherwise.
Summary
In this contribution, we discussed detailed scheme of CSI and CSI-IM measurement restriction for BF CSI-RS. Based on the discussion, we made the following proposals.
Proposal 1: CSI measurement restriction should be applied at least for CSI reporting class B.
Proposal 2: Alt. 2 or Alt. 3 should be applied for CSI measurement restriction.
Proposal 3: CSI measurement restriction can be applied based on CSI request trigger on top of semi-static measurement restriction (i.e., Alt. 2 or 3).
· CSI-RS for same UE with same CSI request bits can be averaged.
· CSI-RS should not be averaged otherwise.
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