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1 Introduction
In this contribution we discuss remaining details of measurement restriction (MR). The following text is copied from the chairman notes of RAN1#82bis:

Agreement: 
· For class 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
· 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)


Way forward for Class B with K>1: 
· For class B with K>1, FFS until RAN1#83 between Alt1(with X=Y=1) & Alt3, on the understanding that existing RRC parameters (e.g. reset period is equal to BI period; offset fixed) may be reused for Alt3
· Consideration of aperiodic reset is also not precluded. 

One open issue is whether MR applies to both periodic and aperiodic CSI reporting or only aperiodic CSI reporting. It is observed that an aperiodic CSI report is likely to be triggered only when there is data to be transmitted to the UE, while for periodic CSI reporting there is no such pre-condition.
Interference MR for Class A 
According to the agreements, when measurement restriction is enabled for a Class A CSI report, it applies to interference measurements only and the UE shall perform the estimate using measurements in a single subframe (Y=1). 

When interference MR is enabled, the eNB can utilize this in obtaining a more accurate CSI report for UEs that are candidates for MU-MIMO scheduling by for instance transmitting the appropriately precoded pseudo interference for the MU-MIMO hypothesis, in the corresponding CSI-IM resources of the measurement subframe.  This is likely to be used only when there are UEs present with data in their buffer and therefore there is no good motivation to support MR for periodic reporting. 

Proposal 1: For Class A, the interference MR applies only to aperiodic CSI reporting.

Interference MR for Class B 
For interference measurement for class B reporting, the situation is rather similar to Class A; MR is used to get accurate CSI for a given UE with eNB controlled interference hypothesis, and this is only valuable when there is actual data to transmit, i.e. for the aperiodic report. When there is no data to be transmitted to a UE, it is better that the UE has freedom to perform some averaging to get a more stable periodic report. Hence, we propose 

Proposal 2: For Class B, interference MR applies only to aperiodic CSI reporting.

Channel MR for Class B 
In Class B CSI reporting, MR for channel measurements was agreed to be supported. The motivation is that the eNB can change the precoding matrix used for the CSI-RS from subframe to subframe as to adapt to the change in environment due to mobility, intended co-scheduled UE etc. For instance, the eNB may choose to change the CSI-RS precoding matrix for a UE if it suddenly decides to co-schedule the UE with another UE in MU-MIMO manner. Additionally, MR for channel measurements allows for some degree of pooling of CSI-RS resources, to reduce CSI-RS overhead.  Therefore, multiple UEs can share the same CSI-RS resource and eNB can adjust the precoding matrix used for CSI-RS of the UE of interest, when an aperiodic CSI report is triggered for this UE. As channel MR is enabled, the report only contains the actual, intended single subframe measurement. 
If the precoding matrix used for a given CSI-RS resource is changing from subframe to subframe, then averaging channel estimates across multiple subframes does not make sense. Particularly if pooling is used, since then the precoding matrix can completely change from one subframe to the next, as to adapt to a different UE. Hence, it makes sense to enable channel MR also for periodic CSI reporting as well as for aperiodic reporting.   
Proposal 3: For Class B, channel MR applies to both periodic and aperiodic CSI reporting.

An issue could be that a periodic CSI report is distributed over multiple sub-reports over quite some long time span (e.g. 80 ms). Hence, during this time interval, multiple instances of CSI-RS may be transmitted. Ideally, the eNB should therefore not change the CSI-RS precoding matrix during this time interval if the PUCCH report should be accurate. In our view, this can be handled by eNB implementation, i.e. the eNB configures the time interval according to the scenario, and it also knows whether a PUCCH report is less reliable because the precoding matrix has changed significantly recently. 

Aperiodic MR reset for aperiodic CSI
It should be noted that when MR is enabled, the system has low possibility to adapt to quick changes in channel conditions, for instance, if the path loss temporarily increases to the UE. When this occurs, a quick RRC disabling of the MR is needed and this introduces a delay and additional higher layer signaling. Also, there is a time ambiguity when the MR is applied at the UE and the CSI reports could become highly unreliable for some period of time, which would affect the performance negatively. 

It is therefore useful if the eNB could fall back and obtain an aperiodic CSI reports without MR, thereby overriding the RRC configured MR. Hence, the UE performs the CSI measurements and estimation as for legacy terminals, which may involve averaging, in parallel to CSI measurements and estimation for the most recent CSI-RS transmission. When the aperiodic report is triggered, the UE chooses between the restricted and unrestricted report.

In the case of Class B with K=1 where channel MR applies to both periodic and aperiodic CSI reports, overriding of the RRC configured channel MR is only applicable to aperiodic CSI reporting whereas channel MR is always applied for periodic CSI reporting. 
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Figure 1 For increased robustness, the UE process CSI estimation according to MR disabled and MR enabled (based on RRC configuration and using X=Y=1 subframes) in parallel and DCI message selects which measurement to report. 


Hence, the proposal is:

Proposal 4: Introduce an aperiodic MR reset in uplink scheduling DCI formats, which indicates whether the UE shall base the aperiodic report with or without the RRC configured measurement restriction 

It is preferred if this can be introduced without extending the DCI payload, for instance by modification of the CQI request fields in Table 7.2.1-1B of TS 36.213, conditioned on that MR is enabled for some of the processes and cells.  The table can be modified so that one or more states indicate(s) MR override.  

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space
	Value of CSI request field
	Description

	'00'
	 No aperiodic CSI report is triggered

	'01'
	Aperiodic CSI report is triggered for a set of CSI process(es) configured by higher layers for serving cell 

	'10'
	 Aperiodic CSI report is triggered for a 1st set of CSI process(es) configured by higher layers

	'11'
	 Aperiodic CSI report is triggered for a 2nd set of CSI process(es) configured by higher layers




MR for Class B with K>1
For class B with K>1, there is an FFS between Alt1(with X=Y=1) & Alt3, on the understanding that existing RRC parameters (e.g. reset period is equal to BI period; offset fixed) may be reused for Alt.3. 

The description of Alt. 3 is 
· 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

For Alt.3 the UE will measure multiple CSI-RS transmissions and average them in any unspecified way during the reset period. Hence, it is impossible for the network to change any beams faster than the reset period, simply because it is unknown to the eNB what the UE does, which will slow down the beam adaptation and the system’s ability to respond to changes in channel and interference. This makes the use of Alt3 based MR for Class B, K>1 very inefficient, and defies the purpose of MR which is to acquire instantaneous CSI. Hence, Alt.1 is preferred.

If a problem of CSI quality is encountered, then the precoding matrix adaptation at the eNB can be put on hold and the aperiodic MR reset as in the previous section can be used to acquire a stable CSI report. 

[bookmark: _GoBack]Proposal 5: For Class B with K>1, Alternative 1 (X=Y=1) is selected.  


Conclusion
Proposal 1: For Class A, the interference MR applies only to aperiodic CSI reporting.
Proposal 2: For Class B with K=1, interference MR applies only to aperiodic CSI reporting.
Proposal 3: For Class B with K=1, channel MR applies to both periodic and aperiodic CSI reporting.
Proposal 4: Introduce an aperiodic MR reset in uplink scheduling DCI formats, which indicates whether the UE shall base the aperiodic report with or without the RRC configured measurement restriction.
Proposal 5: For Class B with K>1, Alternative 1 (X=Y=1) is supported.  
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