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1 Introduction

In previous RAN1 meetings, the following agreements have been achieved:
· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.

In this contribution, we discuss the remaining issues of channel and interference measurement restriction.
2 Discussion
2.1 Time domain measurement restriction

With the time domain channel measurement restriction enabled, the UE is instructed to perform the channel measurement with only the most recent CSI-RS transmission, instead of averaging over multiple CSI-RS transmissions. For a UE configured with UE-specific beamformed CSI-RS resource, and the CSI-RS transmission is periodic or semi-persistent, it would be beneficial to restrict the measurement, since the beamformer varies over the slots, and thus the averaging over multiple CSI-RS transmission may lead to an inaccurate CSI. The time domain channel measurement can be restricted to one slot, i.e. one shot measurement, as adopted currently in LTE. However, measurement restriction by a configurable value of slots can be considered in NR, since it is much more flexible for the rich channel conditions in various NR scenarios.

Proposal 1: NR supports a configurable value of slots for time domain channel measurement restriction.

With the time domain interference measurement restriction enabled, the UE is instructed to perform the interference measurement with only the most recent CSI-IM resource(s) (include ZP CSI-RS and/or NZP CSI-RS) transmission, instead of averaging over multiple CSI-IM transmissions. For a UE configured with periodic or semi-persistent CSI-IM resource(s), it would be beneficial to restrict the measurement, when the interference is varying over the slots, and thus it can be captured by the single-shot interference measurement. With the similar reason as suggested above for time domain channel measurement restriction, interference measurement restriction by a configurable value of slots can be considered in NR, in order to align with the possible configuration of time domain channel measurement restriction.

Proposal 2: NR supports a configurable value of slots for time domain interference measurement restriction.
2.2 Frequency domain measurement restriction

The frequency domain channel measurement restriction, on the other hand, is to be considered in the situation where multiple services exists in different parts of the whole frequency band. The channel measurement over the whole bandwidth is possible, however only one or a few bandwidth parts need to be measured for the UE in certain service(s). In this regard, restricting the channel measurement in frequency domain is also beneficial.
Observation 1: Frequency domain channel measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth.
According to previous agreements on wider bandwidth operation, there can be multiple bandwidth parts configured to a UE, each of which corresponds to a specific numerology to support the relevant service. At least one out of multiple bandwidth parts can be activated, while multiple bandwidth parts with different numerologies be activated simultaneously can also be considered. With this flexibility of bandwidth part configuration, the frequency domain channel measurement restriction should at least be applicable in bandwidth part-wise, i.e. measurement restricted to one or more bandwidth parts out of the full bandwidth. 

Further measurement restriction within a bandwidth part can also be considered. For instance, in beam management, a UE-group-specific CSI-RS may need to cover the whole band of the link or a specific subband. A UE-specific CSI-RS may need to be allocated within the frequency resources to a particular UE, in order to provide accurate beam information and/or CSI, and also to avoid affecting other FDM-ed transmissions. In this regard, CSI-RS bandwidth smaller than the bandwidth part may be considered [1], and thus the frequency domain channel measurement restriction within a bandwidth part.

Proposal 3: NR supports frequency domain channel measurement restriction within a bandwidth part, which includes a configurable value of subbands.
Besides the above discussed measurement restriction, the “restriction” can also be reflected in the values of RI when UE measuring the rank. A typical use case can be in dynamic point blanking (DPB), in which the neighboring TRP can be dynamically muted for the purpose of interference mitigation. In CSI measurement stage, the serving TRP can configure two CSI measurement settings, with one under neighboring TRP muted, another under neighboring TRP not muted. The two CSI reports would appear with similarity in rank. This is because the channel between the serving TRP and the UE is hardly changed. In order to save UE side complexity, one rank can be derived from another, such as by duplicating the value for the other rank, so that the two ranks are the same. This would restrict the rank value at UE side but achieve simpler UE side complexity.
The frequency domain interference measurement restriction, on the other hand, is to be considered in the same situation as the frequency domain channel measurement restriction discussed above. The interference measurement over the whole bandwidth is possible, however only one or a few bandwidth parts need to be measured for the UE in certain service(s). In this regard, restricting the interference measurement in frequency domain is also beneficial.

Another possible case is in multi-TRP transmission and the coordinated TRPs are scheduled independently. The scheduled resources could be randomly overlapped or non-overlapped. It will cause part of the scheduled bandwidth suffer different interference condition from the other part of the scheduled bandwidth.  In this case, it may not be accurate enough if the interference is measured across the whole bandwidth for an average value. On the contrary, the interference measured over a part of the scheduled bandwidth, such as subband, partial band, would be closer to the exact interference over this specific part. Moreover, it would make sense that the interference is measured over the same bandwidth as the channel measurement.  
Observation 2: Frequency domain interference measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth, or the partial overlapped resources in multi-TRP transmission.

Proposal 4: NR supports frequency domain interference measurement restriction within a bandwidth part, which includes a configurable value of subbands.
Proposal 5：The bandwidth of interference measurement should be the same as the bandwidth of channel measurement in one CSI report.
3 Conclusions

This contribution discussed the remaining issues of channel and interference measurement restriction. The observations and proposals are summarized as follows:
Observation 1: Frequency domain channel measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth.
Observation 2: Frequency domain interference measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth, or the partial overlapped resources in multi-TRP transmission.
Proposal 1: NR supports a configurable value of slots for time domain channel measurement restriction.
Proposal 2: NR supports a configurable value of slots for time domain interference measurement restriction.
Proposal 3: NR supports frequency domain channel measurement restriction within a bandwidth part, which includes a configurable value of subbands.

Proposal 4: NR supports frequency domain interference measurement restriction within a bandwidth part, which includes a configurable value of subbands.
Proposal 5：The bandwidth of interference measurement should be the same as the bandwidth of channel measurement in one CSI report. 
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