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1. Introduction
In RAN1#82 meeting, CSI measurement restriction was discussed[1][2]. The following definitions are agreed for further study and 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 
· 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
where X and Y  can be determined by one of the three 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
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In this contribution, the necessity of measurement restriction and configurations of measurement restriction are discussed.  Bundling issue of precoding on beamformed CSI-RS is identified. 
2. Benefits of CSI Measurement Restriction
2.1 Measurement Restriction on Channel Measurement 
In the Elevation Beamforming/Full-Dimension (FD) MIMO Study Item, three major potential CSI-RS and feedback enhancement schemes have been studied.  They are the schemes respectively based on beamformed CSI-RS, non-precoded CSI-RS, hybrid CSI-RS.  For beamformed CSI-RS, beamforming can be different in different subframes/frequency resources.  Therefore, it is possible that averaging is done over the resources with different beams for channel measurement.  One approach to solve this issue is to configure one NZP CSI-RS for each of possible beam.   However, this drastically increases the overhead of beamformed CSI-RS especially for the UE specific beamformed CSI-RS based schemes.  Also, NZP CSI-RS is semi-statically configured.  The CSI-RS virtualization can be dynamically changed based on the fast varying channel.  Particularly for TDD case, the CSI-RS virtualization can be entirely based on the channel obtained by channel reciprocity via SRS.  Configuring a new CSI-RS for each new beam will incur extra time delay for CSI measurement and hence degrade the performance. Therefore, measurement restriction should be introduced so that one NZP CSI-RS configuration can be shared by different beams at different subframes.  This can ensure that the measurement for one CSI report can be based on the same beam if measurement restriction is applied.   Hence this avoids doing averaging over different beams.   
2.2 Measurement Restriction on Interference Measurement
Similarly, interference varies in different time-frequency resources as the interference comes from different beamforming in different cells or virtual cells.  Interference measurement restriction can make sure that the UE measures the desired interference. Similar to CoMP, multiple interference hypotheses exist when there are multiple virtual cells formed by multiple beams. To measure different interference hypotheses, one way is to configure multiple CSI-IM resources. Another way is to measure different interference hypotheses in different subframes with one CSI-IM resource. The latter way can potentially save overhead and reduce UE complexity especially if aperiodic CSI-IM is supported.  
Based on the analysis, the potential benefits of measurement restriction on channel/interference measurement are:
-  One NZP CSI-RS /CSI-IM resource can be shared by different beams in different subframes.  The overhead of beamformed CSI-RS/CSI-IMR can be reduced.
-  Beamforming on CSI-RS can be changed more dynamically according to the channel.    This avoids extra CSI delay.
-  UE doesn't need to measure multiple NZP CSI-RS resources for different beams and multiple CSI-IM for different CSI-IMs all the time.  UE complexity can be potentially reduced.
Benefits of measurement restriction is clear for both channel and interference measurement.  Therefore, we have the following proposal:
Proposal 1:  Introduce measurement restriction for both channel and interference measurement.
3. Configurations of CSI Measurement Restriction
The following three schemes of configurations on CSI MR is considered.
· 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
Figure 1 shows one method of measuring different beams.  CSI-RS with multiple beams can be measured in different time window. Within the time window, the beam is not changed.  In this particular case,  X/Y is two CSI-RS subframes.    The window length depends on number of beams and beam selection periodicity which may depend on the scenario, channel and antenna configurations.   Larger window may sometimes give higher CSI accuracy but it takes longer time to loop through all the possible beams.    Smaller window is good for obtaining CSI in smaller delay.    Therefore, it is beneficial to make the measurement window configurable.  


Figure 1 Measuring different beams in different measurement windows
In case of aperiodic CSI-RS [4] or aperiodic CSI-IMR,  the beamformed CSI-RS  may only transmit one shot at the time of aperiodic CSI triggering for different UEs as shown in Figure 2.   In such case, MR is based on L1 triggering and/or higher-layer signaling for dynamic CSI request since aperiodic CSI triggering uses combination of L1 and RRC signalling.  Also, for TDD, the beamforming on CSI-RS varies based on dynamic CSI as virtualization depends entirely on CSI based on the channel reciprocity.  MR to one subframe can be assumed implicitly for non-PMI CSI feedback modes. 


                                           Figure 2 Configuration of aperiodic CSI-RS 
To support different types of measurement restriction, we propose the following configuration:
Proposal 2:  Configurable MR ON or OFF via higher-layer configuration is supported with the possibility of implicit configuration of MR in one subframe for aperiodic CSI when aperiodic CSI-RS/CSI-IM is configured and for non-PMI feedback modes.
For periodic CSI reporting, one CSI report including RI/CQI/PMI may take longer time to complete compared to the CSI-RS periodicity. e.g. RI usually has the longest periodicity.   It is not reasonable to change the beam direction in the middle of the CSI periodicity.  Therefore, Alt3 would be preferable for periodic CSI reporting.    The reset period and subframe offset can be linked to the parameters of the CSI report type with the longest periodicity.


Figure 3 The reset period and subframe offset are the longest periodicity of CSI report type
Proposal 3: MR of CSI measurement is periodically reset for periodic CSI feedback.    The reset period and subframe offset are linked to the parameters of the CSI report type with the longest periodicity.
4. Bundling for channel estimation based on beamformed CSI-RS


Figure 3 Frequency selective beamformed CSI-RS
As shown in figure 3, beamforming can be different on different PRB sets.   In each PRB set, it contains multiple PRBs which has the same beam.  This happens in the case when CSI-RS virtualization is frequency selective in both TDD and FDD cases.  For FDD cases, if selected beams are frequency selective, beamformed CSI-RS in a subframe can be different in frequency domain.  It usually happens in TDD cases as the CSI obtained from channel reciprocity can be frequency selective.  Support of frequency selective beams in one beamformed CSI-RS within a subframe is particular important in TDD.  On the other hand, in some cases beamforming on CSI-RS is the same for the entire bandwidth.  In such case, bundling is useful for more accurate channel estimation similar to DMRS.  To take the advantage of bundling, the UE needs to assume the same precoding within a certain PRB group.   So explicit or implicit signaling is needed to indicate the UE whether same precoding is assumed.  Therefore, we have the following proposal on signaling bundling information to UEs.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 4:  Signaling to support bundling is introduced.  The granularity is RRC configured.  Bundling on beamformed CSI-RS is off by default for non-PMI feedback modes. 
5. Conclusion
In this contribution, we analyze the necessity of measurement restriction, configurations of measurement restriction.  and bundling issue of precoding on beamformed CSI-RS.   Based on the analysis, we have the following proposals: 
Proposal 1:  Introduce measurement restriction for both channel and interference measurement.
Proposal 2:  Configurable MR ON or OFF via higher-layer configuration is supported with the possibility of implicit configuration of MR in one subframe for aperiodic CSI when aperiodic CSI-RS/CSI-IM is configured and for non-PMI feedback modes.
Proposal 3: MR of CSI measurement is periodically reset for periodic CSI feedback.    The reset period and subframe offset are linked to the parameters of the CSI report type with the longest periodicity.
Proposal 4:  Signaling to support bundling is introduced.  The granularity is RRC configured.  Bundling on beamformed CSI-RS is off by default for non-PMI feedback modes. 
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