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1. Introduction

In previous RAN1 meetings, signaling for rate matching of PDSCH and PUSCH was discussed with the following conclusion:
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.

Two types of resources should be rate-matched during PDSCH/PUSCH RE mapping: DL/UL RS and other physical channel (e.g. PUCCH, PDCCH, SS block etc.). In this contribution, we discuss the signaling design for PDSCH and PUSCH rate-matching on reference signal. The contribution is revised of R1-1715670 with some update.
2. Discussion
2.1. PDSCH rate matching for DL RS
It is straightforward that non-zero-power DL RS configured for a UE for channel measurement and demodulation should be rate-matched, e.g. NZP CSI-RS for channel/beam measurement, DMRS port(s) allocated to the UE, TRS and PTRS port(s) allocated to the UE. For NZP CSI-RS for interference measurement, it is expected that CSI-RS signal would be transmitted toward the UE, and PDSCH should also be rate-mated to avoid the interference.

To support ZP CSI-RS based interference measurement and restrict the interference to neighboring cells, ZP CSI-RS should be used for PDSCH rate matching. Similar to LTE, a subset of the patterns for NZP CSI-RS can be reused for signaling of ZP CSI-RS. For example, bitmap on component CSI-RS RE patterns (e.g. (Y,Z)=(2,1)(2,2)(4,1)) can be supported for signaling of ZP CSI-RS.
A PT-RS port can be configured for a DL DM-RS port group for phase tracking in NR. When multiple UEs are multiplexed in the same resources via MU-MIMO, the PT-RS for different UEs could be multiplexed in orthogonal resources or non-orthogonal resources. If multiple PT-RS ports are multiplexed via FDM as proposed by many companies, then the PT-RS ports used by multiplexing UEs should be signaled to a UE for PDSCH rate matching, which is defined as ZP PT-RS here. 
Similar issue should be considered for DMRS. For DMRS config.1, different DMRS ports can be multiplexed via Comb, Cyclic shift or TD-OCC. For DMRS config.2, FDM among port sets (each set includes 2 ports) is also supported. If multiple UEs are multiplexed via FDM, rate matching on DMRS port(s) of multiplexing UEs is also needed. Hence, whether PDSCH rate matching on unused FDMed DMRS ports should be applied can be signaled by gNB according to the scheduling results of MU-MIMO. 
Proposal 1: The REs occupied by NZP DL RS allocated to a UE, including NZP CSI-RS (for channel and interference measurement and beam management of the UE), DMRS, TRS and DL PTRS, should be rate matched for PDSCH in NR.
Proposal 2: ZP PT-RS can be considered for PDSCH rate matching in NR.
Proposal 3: Whether PDSCH should be rate-matched in DMRS symbol(s) can be signaled by gNB.
2.2. PUSCH rate matching for UL RS
For PUSCH, similar to PDSCH, non-zero-power UL RS configured for a UE for channel measurement and demodulation should also be rate-matched, e.g. SRS port(s), DMRS port(s) and PTRS port(s) used by the UE. For UE configured with DFT-S-OFDM, the whole DMRS/SRS symbol should be rate-matched by PUSCH to ensure low PAPR. For UE configured with CP-OFDM, it is FFS symbol level or RE level rate-matching should be applied in resources occupied by SRS and DMRS of the same UEs.
In LTE, PUSCH is rate matched in the last symbol in periodic cell-specific SRS subframes. In NR, the SRS resources would be UE-specifically configured, and the resources which should be rate-matched by PUSCH for SRS should also be configured per UE. Since FDM between PUSCH and SRS may lead to some issues, e.g. higher PAPR, power imbalance between adjacent SRS symbols etc, TDM based multiplexing is preferred similar to the case of short PUCCH. PUSCH of a UE can be rate-matched in the OFDM symbols configured for SRS transmission of the same UE in case of CP-OFDM. 
In NR, frequency hopping is supported for periodic/semi-persistent/aperiodic SRS. With hopping, only part of BWP would be occupied by SRS for a UE. It is not needed for other UEs to perform rate matching on the whole symbol in a slot possibly used for SRS transmission if the SRS transmission only occupies a small bandwidth. The PUSCH can be rate-matched only in resources practically used for SRS transmission. Then ZP SRS can be introduced based on transmission resources of SRS to support FDM of SRS and PUSCH from different UEs. Especially for aperiodic SRS which may be triggered in flexible slot with flexible bandwidth, dynamic indication of ZP SRS resources can be supported for PUSCH rate matching as discussed in contribution [1].

For DMRS, similar resource multiplexing scheme as downlink DMRS can be reused for CP-OFDM waveform. FDM between DMRS and PDSCH from a UE perspective can be supported when the number of DMRS ports is small. Similar to downlink, there may be multiplexing UEs configured with FDMed DMRS ports, and gNB needs to signal UE whether rate matching on the multiplexed DMRS port(s) is needed. For PT-RS, similar to the case in DL, if FDMed PT-RS ports are assigned for multiplexing UEs, ZP PT-RS is also needed for PUSCH rate matching. 
Proposal 4: For a UE configured with DFT-S-OFDM, symbol level PUSCH rate-matching is applied in DMRS and SRS symbols of the UE.

Proposal 5: For a UE configured with CP-OFDM, symbol level PUSCH rate matching is applied to SRS symbol(s) configured for the UE, and RE level PUSCH rate-matching in DMRS symbol is supported in NR.
Proposal 6: RE level PUSCH rate matching is applied to ZP SRS resource for case of collision between SRS and PUSCH from different UEs.
Proposal 7: Whether PUSCH should be rate-matched in the whole DMRS symbol(s) can be signaled by gNB for a UE configured with CP-OFDM.
Proposal 8: PT-RS should be rate-matched by PUSCH, and ZP PT-RS can be considered for PUSCH rate matching in NR.
3. Conclusions
In this contribution, the PUSCH and PDSCH rate matching on UL and DL RS resources is discussed. The proposals are summarized by following.
Proposal 1: The REs occupied by NZP DL RS allocated to a UE, including NZP CSI-RS (for channel and interference measurement and beam management of the UE), DMRS, TRS and DL PTRS, should be rate matched for PDSCH in NR.
Proposal 2: ZP PT-RS can be considered for PDSCH rate matching in NR.
Proposal 3: Whether PDSCH should be rate-matched in DMRS symbol(s) can be signaled by gNB.
Proposal 4: For a UE configured with DFT-S-OFDM, symbol level PUSCH rate-matching is applied in DMRS and SRS symbols of the UE.

Proposal 5: For a UE configured with CP-OFDM, symbol level PUSCH rate matching is applied to SRS symbol(s) configured for the UE, and RE level PUSCH rate-matching in DMRS symbol is supported in NR.
Proposal 6: RE level PUSCH rate matching is applied to ZP SRS resource for case of collision between SRS and PUSCH from different UEs.
Proposal 7: Whether PUSCH should be rate-matched in the whole DMRS symbol(s) can be signaled by gNB for a UE configured with CP-OFDM.

Proposal 8: PT-RS should be rate-matched by PUSCH, and ZP PT-RS can be considered for PUSCH rate matching in NR.
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