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1. Introduction
In RAN1#82bis meeting, CSI measurement restriction was discussed[1][2]. The following definitions are agreed for further study and evaluation.
· 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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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)
Description of Alt 1 and Alt 3 copied from RAN1#82 Chairman’s Notes:
· Alt.1: Fixed MR ON or OFF via higher-layer configuration
· X/Y are fixed to a single value respectively in specification)
· Alt.3: CSI measurement is periodically reset
· Reset period and subframe offset are higher-layer configured
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we discuss whether MR applies to both periodic and aperiodic CSI reporting or only to aperiodic reporting.  
2. MR on periodic and aperiodic CSI reporting
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.  Another approach to solve this issue is to introduce measurement restriction so that one NZP CSI-RS configuration can be shared by different beams in different subframes.  This can ensure that the measurement for one CSI report is based on the same beam if measurement restriction is applied.   Hence this avoids averaging over different beams.  This is one of the important reasons to support MR for beamformed CSI-RS.  
In RAN1#82bis meeting, it is agreed that one RRC parameter each for channel/interference measurement (for class B only) are provided to enable/disable MR.  However, sometimes it is not desirable to apply MR to both periodic and aperiodic CSI reporting at the same time.  The effect of MR is different for periodic and aperiodic CSI reporting as the two reporting schemes have different properties.
· Periodic CSI reporting
For periodic CSI reporting, one CSI report including BI/RI/CQI/PMI often takes longer time to complete compared to the CSI-RS periodicity.  For example, RI/BI usually has the longest periodicity.  Within the periodic CSI cycle, all the PMI/CQI reports depends on reported RI/BI at the beginning of the CSI cycle.   Therefore, it is not reasonable to change the beam direction in the middle of the CSI periodicity.  
Observation 1:  The same beam should be applied on a beamformed CSI-RS within the periodic CSI cycle.
It is narrowed down to two alternatives for supporting MR.
· Alt1 restricts the measurement in one subframe which allows more dynamic beam change.   However,  beam cannot be changed for periodic CSI within the long periodic CSI cycle regardless.  So the benefit of MR can't be realized in periodic CSI.  Also, it is not reliable to determine RI/BI based on one subframe given that the subsequent CSI reports in one long CSI cycle all depend on the subframe where RI/BI is determined.    
· Alt3 would be more preferable for periodic CSI reporting as it allows CSI averaging in a CSI cycle.    The reset period and subframe offset can be linked to the parameters of the CSI report type with the longest periodicity.   However, it is difficult to align the reset period and offset for all the UEs sharing the same NZP CSI-RS.
To use MR on periodic CSI, we need to be careful to decide the frequency of beam changes and averaging window of CSI measurement.   The restriction of beam change would imply larger CSI delay if beam change is needed to adapt to the time-varying channel.   Therefore, periodic CSI should be used more for cell specific/group beamformed CSI-RS schemes so that the beam on each beamformed CSI-RS is often unchanged.


Figure 1 MR on period CSI reporting
· Aperiodic CSI reporting
For aperiodic CSI reporting, a completed and self contained CSI report including BI/RI/CQI/PMI is fed back on PUSCH in a single subframe.   Aperiodic CSI can be obtained more dynamically and more frequently compared to periodic CSI.  Therefore, beam change can be done more dynamically for the beamformed CSI-RS used for aperiodic CSI.  To reduce CSI-RS overhead in the system, multiple UEs can share a single NZP CSI-RS configuration for aperiodic CSI reporting even for UE specific beamformed CSI-RS scheme as shown in Figure 1.  In such case, Alt1 of MR is more suitable. 


Figure 1 Multiple UEs sharing the same CSI-RS
Observation 2:  Dynamic beam change should be supported for the beamformed CSI-RS used for aperiodic CSI. 
Based on the above analysis on periodic and aperiodic CSI, it can be observed that these two CSI reporting modes have different feedback properties.   Periodic CSI favours slow or no beam change while aperiodic CSI favours dynamic beam change.   It is more desirable to have independent on/off switch on MR for aperiodic CSI and periodic CSI.  If it is not possible, MR on periodic CSI reporting should be always disabled.   This is also supported by the evaluation results below.
Table 1 shows the evaluation results of MR on CSI measurement for periodic CSI reporting.  When MR is on,  Alt1 is used so that each CSI report is based on single subframe measurement.   When MR is off, averaging is done over 20ms for both channel and interference parts.    It can be observed that for different  CSI feedback cycle,  performance of MR is different.  For CSI cycle equal to 20ms, turning off MR brings 6.5% gain.  For CSI cycle equal to 5ms, turning off MR also has slightly better performance.
Table 1 periodic CSI reporting on MR enable/disable
	CSI feedback cycle
	5ms
	20ms

	MR ON/OFF
	MR ON
	MR OFF
	MR ON
	MR OFF

	RU
	0.55
	0.54
	0.57
	0.56

	Mean
	26.91(100.0%)
	27.33(101.56%)
	25.17(100.0%)
	25.78(102.42%)

	5%
	6.09(100.0%)
	6.21(101.97%)
	5.24(100.0%)
	5.58(106.49%)

	50%
	22.99(100.0%)
	23.39(101.74%)
	21.28(100.0%)
	22.35(105.03%)


Proposal:  It is desirable to introduce independent  MR ON/OFF switch for PUCCH and PUSCH.  If additional RRC signaling is  not possible,  MR on PUCCH is always off.
3. Conclusion
In this contribution, we analyze measurement restriction on periodic and aperiodic CSI reporting and provide evaluation result on periodic CSI reporting.    Based on the analysis and evaluation results, we have the following observation and proposal: 
Observation 1:  The same beam should be applied on a beamformed CSI-RS within the periodic CSI cycle.
Observation 2:  Dynamic beam change should be supported for the beamformed CSI-RS used for aperiodic CSI. 
Proposal:  It is desirable to introduce independent  MR ON/OFF switch for PUCCH and PUSCH.  If additional RRC signaling is  not possible,  MR on PUCCH is always off.
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,K=8,4,2,8）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms/20ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUCCH mode 1-1, 
PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes, lambda =5

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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