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1 Introduction
In the 3GPP RAN1#82 meeting, support of CSI measurement restriction (MR) for a given CSI process has been discussed [1]. The agreed definition on MR is as follows:

· 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
In addition, following agreements on alternative schemes for MR were made:

· 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 that other alternatives are not precluded
In spite of impressive achievements in the last RAN1 meeting for MR, the conclusion was to continue discussion until RAN1 #82bis meeting about necessity for channel and interference MR. In this contribution, we discuss about necessity on channel and interference MR, independently. Then, we will compare three alternatives schemes for MR for TM10 based operation when UE performs measurement on CSI-RS and CSI-IM.
2 Discussion on MR
2.1 Necessity of MR
First of all, we discuss about necessity of MR on channel. According to FD-MIMO TR [2], beamformed (BF) CSI-RS is defined such that (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. Therefore, if eNB applies the difference beam direction on a BF CSI-RS resource configured to a UE, channel measurement should be reset according to the start time when beam direction change occurs. In this aspect, MR on channel is necessary in order to disable averaging of BF CSI-RS across subframes when eNB dynamically changes the beamforming weights applied on a BF CSI-RS resource configured to a UE.
Observation 1: MR on channel is necessary in order to properly reset channel measurement for CSI reporting when eNB dynamically changes the beamforming weights applied on a BF CSI-RS resource configured to a UE.
Next, we discuss about necessity of MR on interference. FD-MIMO is characterized by 2-dimensional antenna arrays and larger number of TXRU’s. In order to fully utilize the benefits of these features, it is important that simultaneous transmission to multiple UEs using spatial separation (i.e. MU-MIMO) is efficiently supported. MR on interference allows interference management at eNB and interference measurement at UE and this enables transmission of high-order multi-user spatial multiplexing.
Observation 2: MR on interference is necessary for channel status reports enabling high-order multi-user spatial multiplexing with FD-MIMO.
2.2 Comparison of alternative schemes for MR
First of all, Alt.1 has a limitation in terms of measurement restriction (MR) configurability, compared to Alt.2 and Alt.3. Specifically, measurement window (X/Y) is fixed to a single value in Alt.1 while flexible measurement window can be configured in Alt.2 and Alt.3. In Alt.2, X={OFF, 1,…, NX} and Y={OFF, 1,…, NY} can be explicitly configured to UE by higher-layer signalling. On the other hand, in Alt.3, X={1,…, ZX} and Y={1,…, ZY} can be selected by the UE considering the latest measurement reset time. In the operational aspects of eNB, configurable MR should be supported to allow a flexible eNB operation. For example, X is related to the beamformed CSI-RS management at eNB and Y is related to the interference management at eNB. Therefore, if measurement window is fixed to a single value, a particular eNB implementation can be mandated. In light of these aspects, MR should allow eNB venders differentiation to optimize for different deployment scenarios.
Observation 3: Alt.1 does not allow configurable MR compared to Alt.2 and Alt.3.
Proposal 1: Configurable MR should be supported for flexible beamforming and interference management at eNB side.
Next, one distinct difference of Alt.3 over other alternatives is measurement reset information. The benefit of measurement reset information in Alt.3 is that it provides the UE with a very flexible way of changing its measurement window and reporting periodic CSI with MR. With Alt.3, measurement window can be selected by UE between 1 and Z where Z is the number of CSI-RS subframes between the latest measurement reset and the CSI reference resource. In addition, UE may generate meaningful CSI information with measurement reset information. In case of periodic CSI reporting with MR, some of CSI may be useless when beam change occurred in the middle of RI/PMI/CQI reporting timing. In our companion contribution [3], periodic CSI reporting with MR is discussed more in detail when Alt. 3 is considered. In this aspect, Alt.3 is slightly preferred than Alt.2. 
Observation 4: 
· One distinct difference of Alt.3 over Alt.1 and Alt.2 is measurement reset information is available at UE side.
· Measurement reset information can provide flexibility for UE to change measurement window and to report periodic CSI with MR.
Lastly, one important issue that needs to be considered for MR is the configuration of measurement window. In the management of beamformed CSI-RS, if we consider a large cycling periodicity of beam change with a large measurement window size, this will increase the CSI-RS overhead as the number of UEs increase. Actually, one potential problem with UE specific beamforming is the CSI-RS overhead. Therefore, a small cycling periodicity of beam change with one subframe MR is beneficial for low CSI-RS overhead. Note that all alternative schemes for MR (Alt.1/2/3) are allowed to configure one subframe MR. Even if configurable MR is supported in the specification, considering UE specific beamforming, one subframe MR should be configurable for low CSI-RS overhead.
Observation 5: All alternative schemes for MR allow for configuring one subframe MR.
Proposal 2: At least, one subframe MR should be configurable to achieve low CSI-RS overhead considering UE specific beamforming.
3 Conclusions
This contribution has discussed about CSI measurement restriction (MR) for TM10 based operation when UE performs measurement on CSI-RS and CSI-IM, and we made following observations and proposal:
Observation 1: MR on channel is necessary in order to properly reset channel measurement for CSI reporting when eNB dynamically changes the beamforming weights applied on a BF CSI-RS resource configured to a UE.
Observation 2: MR on interference is necessary for channel status reports enabling high-order multi-user spatial multiplexing with FD-MIMO.
Observation 3: Alt.1 does not allow configurable MR compared to Alt.2 and Alt.3.
Proposal 1: Configurable MR should be supported for flexible beamforming and interference management at eNB.
Observation 4: 
· One distinct difference of Alt.3 over Alt.1 and Alt.2 is measurement reset information is available at UE side.
· Measurement reset information can provide flexibility for UE to change measurement window and to report periodic CSI with MR.
Observation 5: All alternative schemes for MR allow for configuring one subframe MR.
Proposal 2: At least, one subframe MR should be configurable to achieve low CSI-RS overhead considering UE specific beamforming.
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