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1. Introduction

In RAN1#90 meeting, the multiplexing of different types of RS was discussed with one conclusion:
Agreement:
· An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
· Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed
This contribution is revised of R1-1715705 with update for the agreements. In this contribution, we further discuss the multiplexing of different UL RS and different DL RS.
2. Discussion
2.1. Downlink RS
In NR, separate beam management processes are specified for CSI-RS, SS block and PDCCH. It is possible that the same beam is applied to different signals. For example, CSI-RS could use a beam subset based on beam sweeping of SS block, and PDCCH could use a beam subset of CSI-RS. In this case, CSI-RS and SS block /PDCCH with the same beam could be FDMed in the same symbol to improve the resource efficiency of SS block symbol and PDCCH symbol. Furthermore, if CSI-RS and SS block/PDCCH are transmitted via different panels/antenna element groups, they can also be transmitted simultaneously. Hence, the scheduling in NR should allow the case of FDM between CSI-RS and SS block or between CSI-RS and PDCCH.

CSI-RS can be transmitted in the whole bandwidth part, and SS block would be only transmitted in synchronization bandwidth. In general, the bandwidth of CSI-RS would be larger than that of SS block. If CSI-RS and SS block are partially overlapped in the same symbol, CSI-RS in overlapped bandwidth should be punctured to avoid impact to cell access. The remaining CSI-RS signal outside the synchronization bandwidth can still be used for beam management, RRM measurement or CSI acquisition.
Proposal 1: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) outside the synchronization bandwidth and is punctured when overlapped with SS block.
Proposal 2: From a UE perspective, CSI-RS can be transmitted in REs that is in the same OFDM symbol of configured CORESET but outside the CORESET.
For PDSCH DMRS, FDM within a PRB can be used for different ports. CSI-RS for CSI acquisition cannot be transmitted in unused REs in the DMRS symbol for DMRS config.1 since adjacent subcarriers are needed for a CSI-RS RE component. Even for DMRS config.2, the feasibility of FDM between DMRS and CSI-RS for acquisition is a corner case, e.g. low rank, SU-MIMO and very few CSI-RS ports. CSI-RS for beam management is not likely to be transmitted in the same slot as PDSCH for a UE, and the beams are usually different for the CSI-RS and PDSCH. Hence, it is also not needed to support the FDM between CSI-RS for beam management and DMRS. Without the FDM, power boosting for DMRS can be further considered to improve the channel estimation.
Proposal 3: From a UE perspective, FDM between CSI-RS and DMRS is not supported.

TRS is used for fine time-frequency synchronization in NR. It is expected that TRS would not be used for beam management and it could be transmitted using the same beam as PDSCH, based on beam reporting from UE. Then it is very likely that CSI-RS for CSI acquisition and TRS would be transmitted with the same beam. In this case, FDM between CSI-RS for CSI acquisition and TRS can be supported for resource flexibility. 
Proposal 4: CSI-RS for CSI acquisition can be FDMed with TRS in some case.

2.2. Uplink RS
In LTE, PUSCH would be rate-matched in all cell-specific SRS subframes. In NR, the SRS resource would be UE-specifically configured and the transmission bandwidth may be small in a symbol (e.g. in case of frequency hopping). If PUSCH is rate-matched as long as there is SRS signal in the same symbol, the performance of PUSCH would be degraded. Especially in case that the bandwidth of PUSCH is significantly larger than that of SRS, and the resources are not overlapped, FDM between PUSCH and SRS from different UEs needs to be supported. If their resources are overlapped, PUSCH could be rate-matched in the overlapped REs. In this case, ZP SRS can be introduced as proposed in [1] for indication of PUSCH rate-matching w.r.t SRS transmission from other UEs.

UL PT-RS is transmitted in PUSCH region. If PUSCH is rate-matched in a symbol for SRS or ZP SRS, PT-RS should be punctured in the symbol. However, if the PUSCH bandwidth is partially overlapped with SRS for different UEs, only the PUSCH REs may be rate-matched via configuration of ZP SRS. In this case, only the PT-RS REs overlapped with ZP-SRS needs to be punctured like the case of collision between CSI-RS and DL PTRS. 
Proposal 5: SRS can be FDMed with PUSCH for different UEs.

Proposal 6: UL PT-RS is punctured in SRS symbols or REs configured as ZP SRS.
3. Conclusions
In this contribution, we discuss the multiplexing of different types of RS in uplink and downlink. We have the following proposals:
Proposal 1: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) outside the synchronization bandwidth and is punctured when overlapped with SS block.

Proposal 2: From a UE perspective, CSI-RS can be transmitted in REs that is in the same OFDM symbol of configured CORESET but outside the CORESET.
Proposal 3: From a UE perspective, FDM between CSI-RS and DMRS is not supported.

Proposal 4: CSI-RS for CSI acquisition can be FDMed with TRS in some case.

Proposal 5: SRS can be FDMed with PUSCH for different UEs.

Proposal 6: UL PT-RS is punctured in SRS symbols or REs configured as ZP SRS.
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