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1. Introduction

In RAN1 NR #90 meeting, the following agreements on multiplexing of different types of RSs have been achieved [1]:  
Agreements:

· For UE’s perspective,

· For REs that is configured as a CORESET,

· NZP CSI-RS is not multiplexed.

· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· FFS: Whether NZP CSI-RS can be multiplexed or not

Agreements:

· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreements:

· When one or more of PT-RS RE(s) is overlapped with CSI-RS

· The one or more overlapping PT-RS RE(s) is punctured

Agreements:

· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM

· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

· FFS whether to have one prioritization rule, or configurable prioritization

· Examples of prioritization rules

· Example 1

· Always prioritize PUCCH over SRS

· Example 2

· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH
In this contribution, multiplexing of different types of RSs is discussed. First of all, the relationship between CSI-RS and other signals (e.g., SS block and PDCCH) is analyzed. Secondly, the relationship between SRS and PUCCH is investigated. Finally, consideration on the relationship between PT-RS and other RSs is given. This contribution is revised from R1-1713839. 
2. Study on the relationship between CSI-RS and other signals
CSI-RS is being considered for multiple use cases in NR. In particular, CSI-RS has been agreed or identified to support the following functionalities: CSI acquisition, beam management, connected mode L3 mobility, fine time/frequency tracking, UL power control, radio link monitoring. 
On one hand, if SS block OFDM symbol(s)/PDCCH OFDM symbol(s) are not entirely occupied by SS signals / CORESET, other signals/channels should be able to be multiplexed on REs that is in the same OFDM symbol(s) of configured SS signals/ CORESET but outside of the SS signals/CORESET to increase spectral efficiency. On the other hand, it is preferred that CSI-RS can be flexibly scheduled to support various use cases. For example: 
· For CSI acquisition, if CSI-RS can be scheduled on “early symbols” such as SS block symbol(s) or PDCCH symbol(s), then fast CSI can be obtained to support, e.g., fast CSI feedback in low latency scenarios, e.g., URLLC, which require fast processing.
· Another use case is for fine time/frequency tracking (if CSI-RS can be finally decided to be used for time/frequency tracking).  In order to ensure satisfactory time and frequency tracking performance as well as the delay/Doppler spread estimation performance, it is better that more number of tones in frequency can be used. Therefore, multiplexing CSI-RS on SS block OFDM symbol(s) can improve the tracking granularity. 
· Finally, it has been agreed that SSS and DMRS for PBCH of SS block, as well as CSI-RS can be used to calculate path loss for UL power control. Therefore, if CSI-RS can be multiplexed on SS block, the measurement results of CSI-RS and SS block can be more quickly and precisely combined to improve UL power control precision. 
· Proposal 1: Support NZP CSI-RS can be multiplexed on SS block symbols(s), e.g., via FDM.
· Proposal 2: Support NZP CSI-RS can be multiplexed for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, e.g., via FDM.

3. Study on the relationship between SRS and PUCCH
SRS is being considered for multiple use cases in NR. In particular, SRS has been agreed or identified to support the following functionalities: UL CSI acquisition, DL CSI acquisition, Beam management. PUCCH contains UL control information including HARQ feedback, SR, CQI, PMI and RI. Since symbol level TDM between SRS and PUCCH has been agreed in the last meeting, the remaining issue is to prioritize SRS or short PUCCH transmission in case of collision. 
If configurable prioritization is supported, e.g., If PUCCH contains ACK/NACK, then PUCCH is prioritized, or if SRS is used for beam management, which is important for cases such as uplink beam tracking, and therefore SRS should be prioritized, etc., there would be too much specification effort, which is not desirable. Therefore at least for NR phase 1 specification, only one prioritization rule is preferred, i.e., always prioritize PUCCH over SRS considering the importance of UCI. 
· Proposal 3: For Option 2, from a UE perspective, for collision avoidance between short PUCCH and SRS, only one prioritization rule is preferred, i.e., always prioritize PUCCH over SRS, while the gNB implementation should properly manage UL transmissions to avoid keep dropping SRS for beam management.
If CP-OFDM is adopted in the uplink, it is possible to FDM between SRS and short PUCCH since FDM will not increase PAPR. However, FDM between SRS and short PUCCH may need additional specification effort since the occupied BW of short PUCCH is flexible with respect to different payloads. Moreover, if DFT-s-OFDM is adopted in the uplink, FDM should be avoided to keep the PAPR low. 
· Proposal 4: For a unified downlink and uplink consideration, FDM SRS and short PUCCH should not be supported. 
4. Study on the relationship between PT-RS with other RSs
· If DFT-s-OFDM is adopted in the uplink
In the last meeting, the following agreement for PTRS is achieved:
Agreements:

· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
When pre-DFT insertion of PT-RS is adopted, then there will be no issue about PT-RS collision with other RSs since all other RSs are either FDM or TDM with PUSCH after DFT. 
· Observation 1: When pre-DFT insertion of PT-RS is adopted in the uplink, there will be no issue about PT-RS collision with other RSs.
· If CP-OFDM is adopted in both the downlink and uplink
For CP-OFDM adopted in both the downlink and uplink, it has been agreed that the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL. Therefore the following analysis applies to both downlink and uplink when CP-OFDM is adopted. 
· The collision between PT-RS with DMRS
It has been agreed that association between one PTRS port and one DMRS port per DMRS port group is supported, and that UE can assume same precoding for a DM-RS port and a PT-RS port. Therefore, considering that the channel a PT-RS port transmitted through is at least the same as that of one DMRS port, PT-RS can be omitted if PT-RS and the associated DMRS are collided with each other because DMRS can be also used to track the phase variation.
· Proposal 5: If PT-RS and the associated DMRS are collided with each other, PT-RS should be punctured on overlapping part.
· The collision between PT-RS with SRS

In the last meeting, it has been agreed that when one or more of PT-RS RE(s) is overlapped with CSI-RS, the one or more overlapping PT-RS RE(s) is punctured. Considering that the purpose of SRS is basically the same as CSI-RS except that it is for the uplink while CSI-RS is for the downlink, the agreement obtained from CSI-RS may be applied directly to the SRS case.
· Proposal 6: When one or more of PT-RS RE(s) is overlapped with SRS, the one or more overlapping PT-RS RE(s) is punctured. FFS if PT-RS and SRS are collided with each other, PT-RS RE(s) is shifted in frequency domain on overlapping part. 
· The collision between PT-RS with SS block

One SS block consists of several PSS, SSS and PBCH symbols. The detection method of PSS and SSS is mainly through correlation algorithms. The modulation order of PBCH is only QPSK and it must be able to be detected under very low SNR region. Therefore, PSS, SSS and PBCH may not be sensitive to phase error or to put it another way, phase error is not the most prominent impairment that must be tackled for PSS, SSS and PBCH. Furthermore, SS block and PT-RS may not use the same precoding and hence the function of SS block/PT-RS cannot replace the function of PT-RS/SS block because they may undergo different channel conditions.  
· Proposal 7: If PT-RS and SS block are collided with each other, PT-RS should be shifted on overlapping part. 
5. Conclusions
In this contribution, CMCC’s consideration on multiplexing of different types of RSs is presented. The following proposals are achieved:
· For the relationship between CSI-RS and other signals, the following proposals are achieved:

· Proposal 1: Support NZP CSI-RS can be multiplexed on SS block symbols(s), e.g., via FDM.
· Proposal 2: Support NZP CSI-RS can be multiplexed for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, e.g., via FDM.
· For the relationship between SRS and PUCCH, the following proposals are achieved:
· Proposal 3: For Option 2, from a UE perspective, for collision avoidance between short PUCCH and SRS, only one prioritization rule is preferred, i.e., always prioritize PUCCH over SRS, while the gNB implementation should properly manage UL transmissions to avoid keep dropping SRS for beam management.
· Proposal 4: For a unified downlink and uplink consideration, FDM SRS and short PUCCH should not be supported. 
· For handling the collision between PT-RS and other RS, the following proposals are achieved:
· If DFT-s-OFDM is adopted in the uplink
· Observation 1: When pre-DFT insertion of PT-RS is adopted in the uplink, there will be no issue about PT-RS collision with other RSs.
· If CP-OFDM is adopted in both the downlink and uplink
· Proposal 5: If PT-RS and the associated DMRS are collided with each other, PT-RS should be punctured on overlapping part.
· Proposal 6: When one or more of PT-RS RE(s) is overlapped with SRS, the one or more overlapping PT-RS RE(s) is punctured. FFS if PT-RS and SRS are collided with each other, PT-RS RE(s) is shifted in frequency domain on overlapping part. 
· Proposal 7: If PT-RS and SS block are collided with each other, PT-RS should be shifted on overlapping part. 
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