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1. Introduction
In RAN1#88bis and RAN1#89 meetings, WFs on rate matching issue [1][2] were presented but no agreement has been made so far due to lack of online discussion time. In this contribution, we discuss technical issues and approaches on rate matching for NR.

2. Discussion on rate matching
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 1: 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 need to be measured, and not all ZP CSI-RS based IMRs need 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 2: 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. 
[bookmark: _GoBack]If aperiodic RMR is supported, similar signaling method to LTE can be adopted. Considering PQI field in DCI format 2D in LTE specification where each PQI state jointly indicate PDSCH RE mapping and QCLed CSI-RS resource ID, such joint encoding of CSI-RS QCL and RMR indication would be beneficial to minimize DCI overhead in NR as well, considering multi-beam or CoMP operations. More explanation for the NR-PQI can be found in our companion contribution [3]
Proposal 3: Support aperiodic, semi-persistent, periodic RMR in NR.

Considering the possibility of including multiple RS types for rate matching, e.g., CSI-RS, DMRS, SRS, PTRS, etc., RMR RE pattern configuration method needs to be defined. Following options can be considered for the RMR RE pattern configuration.
· Option 1: Reuse of configuration parameters indicating RE location for each RS type. 
In this option, RE pattern configuration method of target RSs, e.g., CSI-RS, DMRS, PTRS, is reused for RMR RE pattern configuration. For example, RMR can be configured through X-port CSI-RS RE pattern configuration index analogous to LTE if it is for CSI-RS. RMR configuration through aggregation of X-port CSI-RS RE patterns can also be considered. This option is efficient in terms of signaling. However, several limitations of this option also exist. First, dynamic indication of multiple RMRs would be needed for rate matching of REs corresponding to multiple RS types or multiple RE patterns. Second, forward compatibility would be limited considering the possibility of adding new RS types and/or additional RE patterns of existing RS in the future releases.
· Option 2: RE pattern configuration via bitmap
With this option, RMR RE pattern can be configured freely, independent of the configuration method of each RS type. This option can overcome the abovementioned limits of Option 1. However, it may require large signalling overhead. For example, if RE-level bitmap is used for RMR configuration, 168 bits are required to fully support a PRB with 14 symbols. This overhead can be further increased if RMR RE patterns are configured across multiple consecutive PRBs. Therefore, signaling reduction techniques would be needed for Option 2 if adopted, e.g., RMR component resource with N adjacent REs, symbol-wise RMR, RMR configuration within restricted area.
Proposal 4: Consider following options for RMR RE pattern configuration method.
· Option 1: Reuse of configuration parameters indicating RE location for each RS type 
· Option 2: RE pattern configuration via bitmap

3. Conclusion
This contribution discussed views on rate matching for NR-MIMO. Following proposals are given, based on the discussion:
Proposal 1: 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 2: 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 3: Support aperiodic, semi-persistent, periodic RMR in NR.
Proposal 4: Consider following options for RMR RE pattern configuration method.
· Option 1: Reuse of configuration parameters indicating RE location for each RS type 
· Option 2: RE pattern configuration via bitmap
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