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1. Introduction
In previous 3GPP RAN1 meetings, the following agreements and conclusions were achieved regarding rate matching [1][2][3]:
Agreements:

· A UE is configured with resources for PDSCH rate matching

· FFS details

· A UE is configured with resources for PUSCH rate matching

· FFS details

Conclusion:

· FFS PDSCH rate matching/puncturing w.r.t. at least the following signals.

· NZP CSI-RS resource(s) for channel measurement

· DMRS for PDSCH for the UE.

· DL PTRS

· TRS

· FFS: NZP CSI-RS for interference measurement

· Impact due to CLI if any

· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope

· FFS PUSCH rate matching/puncturing w.r.t. at least the following signals

· DMRS for PUSCH for the UE.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

· SRS

· UL PTRS

· Impact due to CLI if any

· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope

Agreement:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

There are also agreements for reserved resources:

Agreements:
· Confirm the following WA 

· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration

Agreements:[RAN1#87]
· At least some reserved resources are indicated by using at least RRC signaling
Some contributions refers to the reserved resources, e.g., [R1-1716829]. In this contribution, rate matching issues are further discussed. This is a revised contribution from previously submitted ones.
2. Signaling of Rate Matching Resources
2.1. Signals Considered
In previous meetings, there were conclusions about the considered NR signals intended for rate matching/puncture. We list our analysis for different signals considered for UL and DL:
· Signals transmitted in DL

· CSI-RS:
· CSI-RS includes the resources for UE measurement with channel part and interference part. Configuration of these resources naturally falls in the framework of RS settings.
· Besides the resources for UE measurement, there are also resources that are used to lower interference to other UE’s channel measurement.  

· Aperiodic CSI-RS should also be considered for rate matching. The corresponding resources also fall in above two categories. But the time domain behaviour is different from periodic resources.   

· TRS:
· TRS should also be considered for rate matching. Its burst pattern may affect several slots. 

· TRS is typically periodic/semi-persistent for UE to track time and frequency. 
· SS-Block 

· Serving cell SSB needs to be punctured for the influenced UE.
· Neighbour cell may also be considered to be punctured to lower interference.
· PDSCH DMRS of other UEs

· For MU-MIMO, if port labelling could not guarantee transparency between simultaneously transmitted UEs, then UE would need to consider DMRS of other UEs for rate matching.
· Additional signalling may be needed for such considerations. 

· PTRS of other UEs
· PTRS for other UEs is not necessary to be considered for rate matching. Although it seems that rate matching may reduce interference to another UE, the scenarios for such interference mitigation is not justified. The typical scenario that PTRS is needed is that high spatial separation and high SNR is guaranteed for 64QAM/256QAM modulation. Under such scenario, further mitigating interference between simultaneously scheduled UEs would not bring any benefit.
· Furthermore, aperiodic PTRS rate matching would make signalling quite complicated.
· PDCCH of other UEs

· Multiplexing of PDCCH and PDSCH are supported. One UE’s PDSCH may start from the symbol where another UE’s search space lies. If such collision happens, it might need some additional mechanisms to rate match UE’s PDSCH.
· Signals transmitted in UL

· DMRS of other UEs

· For UL, if transparent MU-MIMO signalling could not be guaranteed, DMRS from other ports may also need to be considered for PUSCH rate matching. 
· SRS

· SRS for the rate matching UE and other UEs should all be considered for reliable measurement at the gNB.

· PUCCH for other UEs

· PUCCH from other UEs may also need to be considered. E.g., short PUCCH collided with long PUSCH/PUCCH.
· UL PTRS for other UEs

· This signal is not necessarily considered. 
· To manage cross link interference, above DL signals and UL signals should be considered for PDSCH and PUSCH. CLI may be used for such rate matching signalling.
· Reserved resources also need to be considered.
· Both “Unknown” and “Reserved” types should be considered.
Proposal 1: 

· Support rate matching for the following signals of other UEs
· CSI-RS

· TRS

· SSBs
· DMRS for other UEs, if transparent MU-MIMO signaling is not guaranteed.
· PDCCH for other UEs
· SRS

· PUCCH for other UEs

· Reserved resources

· To manage cross link interference, DL transmitted signals and UL transmitted signals should both be considered for DL and UL rate matching.
2.2. Time domain behaviour
For above several different kinds of signals, the time domain behavior is different. 

· SSB are always periodic.

· DMRS is always aperiodic.

· CSI-RS could be periodic, semi-persistent or aperiodic.

· SRS could be periodic, semi-persistent or aperiodic.

· PDCCH for other UEs are aperiodic.

· PUCCH for other UEs could be periodic, semi-persistent or aperiodic.

· Reserved resources are periodic, but could be overridden by dynamic signaling. 
It could be seen that if RMR is defined explicitly, the corresponding time domain behaviour should be of any possible type.
Proposal 2: 

· The time domain behavior of RMRs (if explicitly defined) could be periodic, semi-persistent and aperiodic.

2.3. Configuration and indication signalling
It was agreed that UE could be configured with resources for rate matching. If signals listed above are going to be considered for rate matching, then the corresponding signaling would be complicated. In order to make signaling more efficiently, the following ways could be considered.
· TRS could be aggregated through existing CSI-RS patterns. Such design could reuse the rate matching signaling of CSI-RS and thus simplify the corresponding overhead.
· SSB patterns that need to be rate matched could be put in SIB. The network could turn it on or off based on deployment in a long term way. These signals don’t need to be dynamic and don’t need extra signaling.

· Part of reserved resources may also need to be considered to also put in SIB.  

· DMRS for rate matching related signaling should be integrated with DMRS for normal demodulation. Currently DMRS port labeling is still under discussion. If not able to achieve transparency, a table that incorporates the DMRS ports for rate matching and the ports for demodulation should be given.  

· SRS signaling should also reuse the configuration framework of SRS signals.
· PUCCH resources and PDCCH resources that may be used for the UE to rate match could be configured in the same way as reserved resources. 

For CSI-RS, it could be put under the framework of RS settings for higher layer configuration. They could be put in a specific CSI-RS sets that does not link to any report or measurement behavior. The corresponding time domain behavior could also be configured in the RS settings.

For SRS, it should also fall in the current framework of SRS configuration and corresponding time domain behavior could be configured there.

The time domain relationship of DCI signaling and the corresponding rate matching behavior could also follow the typical behavior of CSI-RS and SRS.
Proposal 3: 

· For the efficient signaling of different signals for the purpose of rate matching:

· TRS for rate matching is not explicitly indicated to UE, but through component CSI-RS patterns.
· SSB for rate matching purpose is notified in SIBs.

· PDCCH and PUCCH for rate matching are configured the same way as reserved resources.

· Signaling of DMRS for rate matching should be notified together with DMRS for demodulation.  
· CSI-RS and SRS for rate matching should follow the normal CSI-RS and SRS configuration and indication framework for used resources and time domain behavior.
3. UE assumption/behavior for avoiding reserved resources

3.1. Rate Matching/Puncturing for Groupcast/Broadcast PDSCH
There are some extra issues related to rate matching of group-cast and broadcast PDSCH, e.g., system infomation. Such group cast or broadcast signals are mainly scheduled for multiple UEs, including the idle UE. Signaling of rate matching patterns to all the UEs might not be easy. We categorize groupcast/broadcast signals to the following types

· Signals that are targeting both idle UEs and connected UEs
· For the considered signals, SSB and DMRS are possible to be indicated through the discussed ways.
· For the CSI-RS and SRS signals, since they are typically UE-specific configured, the configured CSI-RS for the connected UE is not possible to be notified for the idle UEs. Additional mechanisms are needed for such scenarios. 
· Signals that are targeting only connected UEs

· Since CSI-RS and SRS for rate matching are always possible, there are not too much issues for this scenario. But there might be tradeoff between different strategies. If rate matching influence too many UEs, then the network could drop the corresponding CSI-RS.

The easiest way to handle above issue of CSI-RS and SRS signaling not able to reach idle UEs is for the gNB to avoid such scenarios. But it might not be very easy. Paging signals, SIB signals, TRS, CSI-RS for beam management and other aperiodic CSI-RS may require some efforts for scheduling. Once such collision happens, there are typically the following ways for handle the collision

· Multiplexing without any further configuration: Puncturing could be conducted upon groupcast/broadcast PDSCH. gNB does not notify the UEs configured for PDSCH reception about the puncturing. It could follow the normal receiving behavior. Coding rates could be adjusted for puncturing. For the CSI-RS targeting UE, it could also follow the normal procedure. 
· Drop the low priority signal: typically groupcast/broadcast signals like paging and SIB message have higher priority. The targeting UEs of groupcast/broadcast signals always follow the normal reception behavior. For the UEs that are influenced for CSI-RS/SRS transmission, they could be noticed about the dropping behavior. 
Proposal 4:
· Paging/SIB signals are not influenced by CSI-RS and SRS rate matching configurations, if there is any potential conflict.

· Influenced CSI-RS/SRS transmission due to conflict with paging/SIB signal could be noticed to the corresponding UEs. 

3.2. Rate Matching/Puncturing for dedicated PDSCH/PUSCH

If the reservation is operated in a semi-static way, UE has the knowledge of reserved resources before starting rate matching of the PDSCH/PUSCH. It is preferred to apply rate match for dedicated PDSCH/PUSCH
3.3. Rate Matching/Puncturing for dedicated PDCCH/PUCCH

Puncturing of PDCCH/PUCCH might has big impact of the performance. However, it shall be taken into account that rate matching for PDCCH/PUCCH shall not impact the processing time of PDCCH/PUCCH. 
4. Conclusion

In this contribution, rate matching related issues are discussed, and the following proposals are given:
Proposal 1: 

· Support rate matching for the following signals of other UEs

· CSI-RS

· TRS

· SSBs

· DMRS for other UEs, if transparent MU-MIMO signaling is not guaranteed.
· PDCCH for other UEs
· SRS

· PUCCH for other UEs

· Reserved resources

· To manage cross link interference, DL transmitted signals and UL transmitted signals should both be considered for DL and UL rate matching.
Proposal 2: 

· The time domain behavior of RMRs (if explicitly defined) could be periodic, semi-persistent and aperiodic.

Proposal 3: 

· For the efficient signaling of different signals for the purpose of rate matching:

· TRS for rate matching is not explicitly indicated to UE, but through component CSI-RS patterns.
· SSB for rate matching purpose is notified in SIBs.

· PDCCH and PUCCH for rate matching are configured the same way as reserved resources.

· Signaling of DMRS for rate matching should be notified together with DMRS for demodulation.  
· CSI-RS and SRS for rate matching should follow the normal CSI-RS and SRS configuration and indication framework for used resources and time domain behavior.
Proposal 4:
· Paging/SIB signals are not influenced by CSI-RS and SRS rate matching configurations, if there is any potential conflict.

· Influenced CSI-RS/SRS transmission due to conflict with paging/SIB signal could be noticed to the corresponding UEs. 
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