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1. Introduction
In RAN1#88bis meeting, WFs on the interference measurement for NR [1][2] were discussed and agreed as follows:
	Agreements:
· For interference measurement, down selection from options will be conducted.
· NZP CSI-RS based
· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)
· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· DM-RS based
· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)
· Opt. B2: Estimation on DM-RS for other UEs
· Criteria for design and down selection are as follows.
· Required RS densities
· UE processing latency
· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.
· FFS: Whether the emulation is performed at TRP side or UE side
· FFS: RAN1 specification impact, if any, on the options above

Agreements:
· Aperiodic IMR is triggered by DCI.
· Herein the IMR refers to ZP CSI-RS based IMR. Other types of IMR are FFS
· FFS: use of MAC CE to reduce the set of candidate IMRs among the resources configured in RRC.   
· FFS whether or not to jointly trigger aperiodic NZP CSI-RS and/or aperiodic ZP CSI-RS 
· FFS: semi-persistent IMR is activated/deactivated by MAC CE or DCI.



In this contribution, we discuss the views on interference measurement and rate matching for NR-MIMO.

2. Discussion on interference measurement methods
For interference measurement resource (IMR), ZP CSI-RS based IMR is agreed to be supported, and support of NZP CSI-RS and/or DMRS based IMR is still an open issue. In previous meeting, following options about the IMR above are listed as candidates [1].
· NZP CSI-RS based
· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)
· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· DM-RS based
· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)
· Opt. B2: Estimation on DM-RS for other UEs
In our view, ZP CSI-RS based IMR is very flexible and efficient so that another method should be complementary to ZP CSI-RS based IMR to avoid excessive increase of UE implementation complexity. Considering various interference scenarios to be considered such as MU or CoMP, flexibility can also be considered as one of the critical characteristics for another IMR type other than ZP CSI-RS based IMR. From that perspective, NZP CSI-RS based IMR seems to be more appropriate because NZP CSI-RS resource(s) will be configured to UE to measure each TRP’s channel(s) anyway, while maintaining the flexibility for IMR.
[bookmark: _GoBack]Option A1 may be supported without specification impact, since UE can perform such operation if no IMR is configured to the UE. Option A2 can be applied with non-precoded and/or beamformed NZP CSI-RS. For example, for the purpose of calculating MU-CQI, gNB can intentionally transmit hypothetical MU interference with beamformed NZP-CSI-RS. For option A2, both port-wise and resource-wise configuration of IMR can be considered, and for port-wise IMR configuration, each CSI-RS port can represent either channel or interference for simple and efficient CQI calculation.
DMRS based interference measurement is available only when previous DL PDSCH assignment exists so that the utilization of it is restrictive in terms of timing and resource availability. In addition, interference measurement accuracy may not be guaranteed due to the possible mismatch of the number of MU layers or MU beam pairs.
Proposal 1: Support NZP-CSI-RS based interference measurement as a complementary method for ZP CSI-RS based interference measurement.

In NR, partial band CSI-RS is agreed to be supported in addition to wideband CSI-RS. From IMR perspective, at least wideband and partial band should also be supported, similarly to the CSI-RS design.
· Wideband for IMR: Wideband size is determined by UE RF capability of transmitting/receiving UL/DL signal. Location of wideband could be configurable by network.
· Partial band for IMR: Partial band size is configurable by network or determined by numerology or scheduling time unit.
· Partial band size is smaller than or equal to wideband size.
From the perspective of CSI measurement, wideband IMR can be a natural choice to support both wideband and subband interference measurement simultaneously. In addition, partial band IMR also needs to be considered at least for the cases where different services are FDMed within the wideband so that interference can be different for each part of band.
Proposal 2: Support both wideband and partial band IMR. 

For IMR, aperiodic and periodic ZP-CSI-RS based IMR is agreed to be supported in RAN1#88. Aperiodic ZP-CSI-RS based IMR is beneficial in terms of reflecting dynamic nature of interference and flexible usage of DL/UL resources, i.e., avoid ‘always-on’ resource reserved per UE basis. Periodic ZP CSI-RS based IM is beneficial in terms of interference measurement accuracy by allowing time averaging on rather stable interference environments and no necessity of dynamic signaling. In the similar context to the periodic ZP CSI-RS based IMR, semi-persistent ZP CSI-RS based IMR is beneficial on stable interference situation but gives more flexibility on the usage of resources by dynamic activation and deactivation. This feature is an essential part in NR to support forward compatibility and dynamic multiplexing of different services. It is also important in the aspect of supporting flexible and dynamic TDD operations. In addition, especially if semi-persistent reporting is configured to UE with semi-persistent NZP CSI-RS for channel measurement, it is quite natural to configure IMR semi-persistently as well rather than periodically or aperiodically. Therefore, semi-persistent ZP CSI-RS based IMR should be supported in NR, which is currently a working assumption. 
Proposal 3: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.

With regard to relating different types of NZP CSI-RS for channel measurement and ZP CSI-RS for interference measurement, all possible combinations of NZP CSI-RS and ZP CSI-RS should be supported as a baseline to accommodate different usage scenarios of them. For example, aperiodic IMR can be associated with aperiodic, semi-persistent, or periodic NZP CSI-RS for channel measurement according to different usage of CMR (channel measurement resource). Therefore, triggering/activation/deactivation of IMR and NZP CSI-RS resource for channel measurement should be able to be done independently. On top of that principle, we may also need to consider how to optimize control signalling (e.g. via joint triggering). 
Proposal 4: All possible combinations of CMR(channel measurement resource) and IMR in terms of time-domain behavior should be supported as a baseline. Triggering/activation/deactivation of IMR and CMR should be able to be done independently. Consider further whether/how to support joint triggering/activation /deactivation of CMR and IMR.

Interference measurement restriction for periodic and semi-persistent IMR could be still considerable in NR for periodic and semi-persistent ZP-CSI-RS based IMR for various interference environment. As discussed during LTE FD-MIMO study [3], periodic and semi-persistent ZP-CSI-RS based IMR with time domain MR off is appropriate to measure interference over relatively stable interference environment, such as high RU case in non-full buffer scenario, and periodic and semi-persistent ZP-CSI-RS based IMR with time domain MR on is beneficial on dynamically changing interference environment such as low RU case in non-full buffer scenario. Therefore, time domain MR for IMR can be considered for NR as well.
Proposal 5: Consider time domain MR ON/OFF mechanism for semi-persistent and periodic IMR. 

3. Discussion on rate matching methods
In LTE, ZP CSI-RS is allowed to be configured for PDSCH rate matching for interference avoidance in various scenarios. ZP CSI-RS for PDSCH rate matching can be configured to RE positions corresponding to neighbor TRP’s NZP CSI-RS position to prevent using those REs. In NR, it is quite obvious that candidate RE positions of CSI-RS and PDSCH will be overlapped for supporting various inter-/intra-TRP CoMP operations and for supporting beam management with CSI-RS. Thus, ZP CSI-RS concept for PDSCH rate matching introduced in LTE is an essential part in NR as well. During on-line discussion in RAN1#88bis meeting, some companies argue that the concept of ZP CSI-RS in LTE might not be sufficiently flexible in NR to possibly include various RS types, density, and so on. Considering possibility to inclusion of RE positions corresponding to different RS types, we propose to define rate matching resource (RMR) as an initial step. RMR should be able to be configured at CSI-RS RE positions at least for considering inter-TRP/beam interference.
Proposal 6: Define rate-matching resource (RMR) in NR.
· UE performs PDSCH rate-matching on the configured/indicated RMR.
· RE positions of RMR should include CSI-RS RE positions at least.
· FFS: number of REs within a slot/RB
· FFS: inclusion of RE positions of other RS types.

For NZP CSI-RS for channel measurement, data would not be transmitted on the resources where NZP CSI-RS is transmitted at least for channel measurement performance, therefore all configured NZP CSI-RS for channel measurement can be considered to be rate matched by default. For IMR, on the contrary, some data may not be rate matched on certain ZP CSI-RS based IMR. For example, on certain ZP CSI-RS based IMR, data transmitted from current serving TRP can be measured as interference, with desired channel measured on NZP CSI-RS from future serving TRP, to form DPS CSI. Thus, not all RMRs needs to be measured, and not all ZP CSI-RS based IMRs needs to be rate-matched. In this technical background, in LTE, ZP CSI-RS for interference measurement (named as CSI-IM in LTE) and ZP CSI-RS for PDSCH rate matching (named as ZP CSI-RS in LTE) were configured independently. We believe it is not necessary to give more restriction on this feature in NR compared to LTE as well. For other types of IMRs, such as NZP CSI-RS based IMR, further study is needed whether configured IMR can be considered to be rate matched without configuration and/or signaling or not.
For setting rate matching related configuration, there can be two possible approaches. One is to include RMR resources for rate matching purpose in CSI framework. Whether to apply for rate matching can be indicated through CSI framework, e.g., resource setting or measurement setting. The other approach is to configure these resources separately from the CSI-related settings. Since the purpose of rate matching is not related to CSI acquisition, the second approach seems to be more appropriate. The first approach can also be considerable to reduce total number of settings from UE perspective.
Proposal 7: Support configuration of rate matching resource (RMR) independent from IMR. 
· Alt1: RMR is configured through CSI framework.
· Alt2: RMR is configured separately from CSI acquisition framework.

For NZP CSI-RS for channel measurement and ZP CSI-RS based IMR, aperiodic, semi-persistent and periodic RSs are agreed to be supported except for the semi-persistent IMR which is still a working assumption, therefore RMR with the same time domain behaviors, i.e. aperiodic, semi-persistent, periodic RMR, would be needed in NR as well. Periodic RMR can be used for protection of periodically transmitted CSI-RS, and IMRs which target the CoMP scenario with inter-cell interference. Aperiodic RMR is required at least for aperiodic CSI-RS and IMR. Semi-persistent configuration of RMR can be helpful for the cases of semi-persistently transmitted NZP CSI-RSs of neighbour TRPs or beams. We may think the possibility to use aperiodic RMR with DCI signaling on every corresponding PDSCH slots for the semi-persistent rate matching purpose. However, large DCI overhead is expected for the indication of all possible combinations of RM resources including the CSI-RS resources for aperiodic and semi-persistent CSI-RS especially considering the necessity of simultaneous triggering of more than one semi-persistent RMR in a slot, with different periods but possibly the same transmission instances. Aperiodic RMR needs to be designed with small DCI payload to indicate RMR dynamically. RMR candidate set can be further reduced by MAC CE signaling. Semi-persistent RMR can be activated/deactivated by MAC CE. 
Proposal 8: Support aperiodic, semi-persistent, periodic RMR in NR.

4. Conclusion
This contribution discussed views on interference measurement and rate matching for NR-MIMO. Following proposals are given, based on the discussion:
Proposal 1: Support NZP-CSI-RS based interference measurement as a complementary method for ZP CSI-RS based interference measurement.
Proposal 2: Support both wideband and partial band IMR. 
Proposal 3: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.
Proposal 4: All possible combinations of CMR(channel measurement resource) and IMR in terms of time-domain behavior should be supported as a baseline. Triggering/activation/deactivation of IMR and CMR should be able to be done independently. Consider further whether/how to support joint triggering/activation /deactivation of CMR and IMR.
Proposal 5: Consider time domain MR ON/OFF mechanism for semi-persistent and periodic IMR. 
Proposal 6: Define rate-matching resource (RMR) in NR.
· UE performs PDSCH rate-matching on the configured/indicated RMR.
· RE positions of RMR should include CSI-RS RE positions at least.
· FFS: number of REs within a slot/RB
· FFS: inclusion of RE positions of other RS types.
Proposal 7: Support configuration of rate matching resource (RMR) independently from IMR. 
· Alt1: RMR is configured through CSI framework.
· Alt2: RMR is configured separately from CSI acquisition framework.
Proposal 8: Support aperiodic, semi-persistent, periodic RMR in NR.
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