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Introduction
In RAN1#86 bis and 87, the following agreements were made:
Agreements:
· For channel and interference measurement in NR, 
· For interference measurement, support at least one of following schemes:
· Measurement subsets in both time and frequency domain 
· Interference measurement restriction in both time and frequency domain
· FFS on channel measurement
· FFS on the details (including whether measurement subset is equivalent to measurement restriction in the freq. domain)
· Study CSI reporting which is optimized for each use case
· E.g. CQI which is targeted to high reliability
Agreements:
· NR supports CSI calculation based on one-shot measurement of interference.
· For one-shot interference measurement, study at least one of the following alternatives:
· Alt1. Dynamic indication of aperiodic IMR.
· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.
· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.
· Other alternatives are not precluded
· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic
· Note that the connection of the above alternative(s) with measurement setting is a separate topic


In this contribution, we discuss measurement restrictions in NR.
Interference Measurement Restriction
Interference measurement restriction (MR) in LTE is a useful tool, and is supported in the time dimension. For NR, we see value in extending the notion of measurement restriction also to the frequency dimension. NR will support different services, potentially with different numerologies, in different parts of the band. For example, eMTC could be supported in one part of the band and eMBB in another part. If an eMBB UE is configured with a wideband interference measurement resource (IMR), MR in the frequency domain would allow the UE to measure only on that portion of the band occupied by eMBB traffic, thus increasing the accuracy of the interference measurement.
Hence partial band interference measurement should be supported in NR, where a partial band is smaller than the full bandwidth the UE can receive. This can be accomplished by configurating the interference measurement resource to cover a certain bandwidth:
[bookmark: _Toc466027256][bookmark: _Ref466038537][bookmark: _Toc466039415][bookmark: _Toc466039444][bookmark: _Toc471117070][bookmark: _Toc471123537][bookmark: _Toc471125238][bookmark: _Toc471300481][bookmark: _Toc471722272]Frequency domain interference measurement restriction is achieved by an IMR definition that extends a configurable bandwidth that can be the full or a part of the receiver bandwidth the UE supports
In addition, one shot measurement of interference has been agreed which is interpreted as measurement using a single measurement resource in a single slot. Hence, time domain restriction is supported in NR,
[bookmark: _Toc471117071][bookmark: _Toc471123538][bookmark: _Toc471125239][bookmark: _Toc471300482][bookmark: _Toc471722273]Time domain interference measurement restriction is achieved by configuring the IMR either extends a single slot (one shot) or an unrestricted number of slots (no restriction).
Dynamics of interference measurement restrictions
Since NR support a flexible CSI framework and the key principle of avoiding always on signals, the use of aperiodic CSI feedback will be a common tool. The flexible framework allows pooling of resources and thus re-using CSI-RS for multiple UEs as to save RS overhead. Likewise, IMR can be re-used across UEs. However, the use of measurement restriction may lead to worse performance compared to unrestricted measurements in case the interference is stable and the UE can utilize this by averaging or other means. There may be beneficial in NR to allow a somewhat more dynamic selection of interference measurement restriction, compared to RRC signalling. The network may want to get UE feedback of certain MU-MIMO hypotheses and thus would like to make a single shot measurement while under large packet data transfers spanning many slots using MU-MIMO to multiple UEs, the interference is stable and unrestricted measurement would improve CSI estimates as the UE could average IMR across multiple slots. 
[bookmark: _Toc471117072][bookmark: _Toc471123539][bookmark: _Toc471125240][bookmark: _Toc471300483][bookmark: _Toc471722274]Support dynamic switching between single slot and unrestricted slots measurement of IMR 
Ways to achieve this dynamic switching should be further studied. For example, one could use the periodic IMR resource as the default (configured to use unrestricted interference measurements) and when triggering an aperiodic CSI report using this IMR, the UE should flush the IMR buffer. This means that the UE stops accumulating and averaging interference measurements of a periodic IMR resource, and begins over again with an empty buffer to collect new measurements. Hence, we support Alt.2 from the agreement “Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.”.
Channel Measurement restrictions
Channel measurement restriction in LTE is a useful tool, and we believe that it is useful to carry this over to NR as well. For example, if a UE is configured to measure on a semi-persistent/periodic CSI-RS, and UE specific beamforming of CSI-RS is employed, then it is important to have channel measurement restriction in place to ensure accurate CSI. The UE must be instructed not to average over multiple CSI-RS transmissions, since the beamforming weights in different slots correspond to different users. Channel measurement restriction in the frequency domain is also beneficial, for the same reasons described in the previous section regarding different services operating in different parts of the band. 
[bookmark: _Toc471123540][bookmark: _Toc471125241][bookmark: _Toc471300484][bookmark: _Toc471722275]Frequency domain channel measurement restriction is achieved by an CSI-RS definition that extends a configurable bandwidth that can be the full or a part of the receiver bandwidth the UE supports
In addition, one shot measurement of interference has been agreed which is interpreted as measurement using a single measurement resource in a single slot. Hence, time domain restriction is supported in NR,
[bookmark: _Toc471123541][bookmark: _Toc471125242][bookmark: _Toc471300485][bookmark: _Toc471722276]Time domain channel measurement restriction is achieved by configuring the CSI-RS resource either extends a single slot (aperiodic CSI) or an unrestricted number of slots (periodic CSI).
Measurement subsets 
In NR, there has been significant discussion on the need for flexible configuration of CSI-RS since it must support multiple use cases. In a companion contribution we discuss how this flexibility may be achieved through a pooling of CSI-RS resources which are allocated/de-allocated to users on a dynamic basis. This can support both aperiodic and semi-persistent CSI reporting. With the introduction of such flexible and dynamic configurations, we currently don’t see a use case where measurement subsets in time would be needed. If down selection between measurement restriction and measurement subsets is required (as implied by the RAN1 agreement), then our preference that MR is supported as stated in Proposal 1 at least with respect to measurement slot subsets. 
[bookmark: _Toc466039416][bookmark: _Toc466039445][bookmark: _Toc471123536]No current use case for time domain measurement subsets in NR
There may however be a use case for frequency domain measurement subsets in the CSI measurement bandwidth assigned to the UE (which may be the full or partial bandwidth the UE support). This can be used to increase the CSI resource capacity, especially in flat channels where a sparser frequency domain sampling of the channel can be useful to lower the overhead and/or increase the re-use distance of a CSI-RS resource.
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Figure 1 Measurement subsets in frequency domain.

This can be achieved through CSI measurement subset, i.e. CSI measurements are performed on a subset of PRBs that is indicated to a UE. 
[bookmark: _Toc471123542][bookmark: _Toc471125243][bookmark: _Toc471300486][bookmark: _Toc471722277]Support measurement subsets in the frequency domain (across PRB). Do not support measurement subset in time domain (across slots). 
 
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Frequency domain interference measurement restriction is achieved by an IMR definition that extends a configurable bandwidth that can be the full or a part of the receiver bandwidth the UE supports
Proposal 2	Time domain interference measurement restriction is achieved by configuring the IMR either extends a single slot (one shot) or an unrestricted number of slots (no restriction).
Proposal 3	Support dynamic switching between single slot and unrestricted slots measurement of IMR
Proposal 4	Frequency domain channel measurement restriction is achieved by an CSI-RS definition that extends a configurable bandwidth that can be the full or a part of the receiver bandwidth the UE supports
Proposal 5	Time domain channel measurement restriction is achieved by configuring the CSI-RS resource either extends a single slot (aperiodic CSI) or an unrestricted number of slots (periodic CSI).
Proposal 6	Support measurement subsets in the frequency domain (across PRB). Do not support measurement subset in time domain (across slots).
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