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1. Introduction
In RAN1 Ad-Hoc#2 meeting, the following agreements were made in the rate matching agenda [1]. 
	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


This contribution summarizes the tdocs of PDSCH and PUSCH rate matching in RAN1#90 and presents proposals according to the summary. For the convenience of discussion, we will use the terminology ‘rate matching resource (RMR)’ for referring the resource for PDSCH or PUSCH rate matching configured/indicated by NW in this summary. DL RMR and UL RMR refer to the RMR for PDSCH and PUSCH, respectively. 

2. Signals/channels to be rate matched by default
Background and Issues:
In RAN1 Ad-hoc#2, we agree to introduce DL/UL RMR configured by network. It is also required to define which physical signals/channels should be rate matched by default (i.e. regardless of additional explicit configuration/signaling from network). 
Summary of views:
In RAN1#90 meeting tdocs, following signals/channels are mentioned to be rate matched by default: 
· NZP CSI-RS for channel measurement:  	LGE[2], Qualcomm[11], Samsung[12]
· PDSCH DMRS:  			LGE[2], Samsung[12]
· DL PTRS:  				Samsung[12]
· Activated CORESET:  			Samsung[12]
· Activated SS blocks:  			LGE[2], Samsung[12]
· [bookmark: _GoBack]Reserved resource(s) :  			LGE[2], Samsung[12], Ericsson[15]
· PUSCH DMRS :  			LGE[2], Samsung[12]
· PUCCH:  				Samsung[12]
· SRS:  					LGE[2], Samsung[12]
Proposal 1: RAN1 needs to decide which signals/channels are rate matched by default.

3. Target signals/channels to be protected by DL/UL RMRs.
Background and Issues:
In LTE, NW can configure/indicate a DL RMR to UE in order to protect CSI-RS of neighbor TRPs, named ZP CSI-RS in LTE. In NR, the usage of DL/UL RMR is an open issue. Companies share their view on the target signals/channels to be protected by configuring/indicating DL/UL RMR to UE.
Summary of views:
Signals/channels to be protected by configuring/indicating DL RMR:
· CSI-RS: 	LGE[2], ZTE[3], Intel[4], AT&T[5], Fujitsu[6], vivo[7], Spreadtrum[8],
 		Huawei[9], OPPO[10], Qualcomm[11], Samsung[12], Panasonic[13],
 		Nokia[14]
· CORESET: 	AT&T[5], Samsung[12]
· DL DMRS: 	ZTE[3], vivo[7], Huawei[9], OPPO[10]
· TRS: 	ZTE[3], vivo[7], Huawei[9]
· DL PTRS: 	ZTE[3], OPPO[10]
· SS block: 	vivo[7], Spreadtrum[8]
· LTE CRS: 	Samsung[12], Ericsson[15]
Signals/channels to be protected by configuring/indicating UL RMR:
· SRS: 	LGE[2], ZTE[3], Fujitsu[6], vivo[7], Huawei[9], OPPO[10], Qualcomm[11], 
		Samsung[12], Ericsson[15]
· UL PTRS: 	ZTE[3], OPPO[10]
· UL DMRS: 	ZTE[3], vivo[7], Huawei[9]
· PUCCH: 	Samsung[12]
Based on companies’ views, a clear majority view for DL/UL RMR is captured.
Proposal 2: Configuration/indication of the DL RMR should provide functionality of protecting CSI-RS of neighbor TRPs/beams at least.
Proposal 3: Configuration/indication of the UL RMR should provide functionality of protecting SRS of other UEs at least.

4. Configuration method for DL RMR
Background and Issues:
In LTE, DL RMR(i.e. ZP CSI-RS) is configured by RRC via an independent IE. In NR, we have CSI framework comprised of resource settings, reporting settings, and a measurement setting instead of CSI process. There are two different ways of configuring DL RMR in NR:
· Alt 1: DL RMR(s) is configured in CSI framework
· Alt 2: DL RMR(s) is configured separately from setting(s) in CSI framework.
Summary of views:
Support Alt 1: Fujitsu[6]
Support Alt 2: LGE[2], Panasonic[13], Ericsson[15]

5. Configuration/indication method for RMR RE(s)
Background and Issues:
In LTE, DL RMR(i.e. ZP CSI-RS) REs are indicated by using CSI-RS configuration. If two or more RS types are agreed to be protected by RMR in NR, different RMR RE patterns according to different RS types may need to be supported. 
· Option 1: RMR is configured/indicated by using configuration parameters for target RS type(s) (e.g. CSI-RS config. ID if introduced).
· Option 2: RMR is configured/indicated via a bitmap.
Summary of views:
Some companies propose to use configuration parameters for target RS type(s) for minimizing signaling overhead: LGE[2], vivo[7], Huawei[9]
Some companies propose to use a bitmap for flexible and forward-compatible configuration of RMR: LGE[2], AT&T[5], Huawei[9], Panasonic[13]
Indication method may need to be decided after defining target signals to be protected. At this moment, we propose the following to move one step further. 
Proposal 4: For RMR RE configuration, consider following options:
   • Option 1: RMR is configured/indicated by using configuration parameters for target RS type(s). 
   • Option 2: RMR is configured/indicated via a bitmap.

6. Time domain behaviors of the DL/UL RMR
Background and Issues:
In LTE, two time domain behaviors of DL RMR(i.e. ZP CSI-RS) are supported, which are periodic and aperiodic. In NR, semi-persistent RMR is being considered as well to protect SP CSI-RS of neighbor TRPs/beams, where pre-configured RMR by RRC is activated/deactivated by MAC CE or DCI.
-	Periodic RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. PDSCH is rate matched around the configured resource.
-	Semi-persistent RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. MAC CE or DCI activates/deactivates the resource. PDSCH is rate matched around the activated resource(s) only among RRC configured resources. 
-	Aperiodic RMR: RMR RE patterns are configured by RRC without periodicity and slot offset. PDSCH is rate matched around the RE pattern(s) if the resource is triggered/indicated by DCI.
Summary of views:
· Support aperiodic RMR: LGE[2], ZTE[3], Spreadtrum[8], Samsung[12], Ericsson[15]
· Support semi-persistent RMR: LGE[2], ZTE[3], Spreadtrum[8], Samsung[12]
· Support periodic RMR: LGE[2], ZTE[3], Spreadtrum[8], Samsung[12]

7. Joint encoding of DL RMR and QCL
Background and Issues:
In LTE, a DCI field (i.e. PQI) is defined for jointly indicating aperiodic DL RMR(i.e. ZP CSI-RS) and QCLed CSI-RS resource. 
Summary of views:
· Support joint indication of RMR and QCLed CSI-RS resource through NR-PQI field: LGE[2], ZTE[3], Intel[4], AT&T[5]

8. Other proposals for DL/UL RMR
· Group-common DCI for RMR dynamic indication: Fujitsu[6], Samsung[12]
· Qualcomm[11]: Support subband-set dependent resource indication for PDSCH rate matching.
· Vivo[7]: Paging/SIB signals are not influenced by CSI-RS and SRS rate matching configurations:

9. Conclusion
Based on the summary of companies’ contributions [2]-[15], the following proposals can be considered.
Proposal 1: RAN1 needs to decide which signals/channels are rate matched by default.
Proposal 2: Configuration/indication of the DL RMR should provide functionality of protecting CSI-RS of neighbor TRPs/beams at least.
Proposal 3: Configuration/indication of the UL RMR should provide functionality of protecting SRS of other UEs at least.
Proposal 4: For RMR RE configuration, consider following options:
   • Option 1: RMR is configured/indicated by using configuration parameters for target RS type(s). 
   • Option 2: RMR is configured/indicated via a bitmap.
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