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Introduction
Currently, several types of RSs including PTRS, CSI-RS, SRS, DMRS, and TRS (possibly be CSI-RS) should be supported in NR, and following agreements were achieved in RAN1#90 meeting [1] 
Agreements#1:
· 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#2:
· 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
Agreements#3:
· 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#4:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 
· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 
In this contribution, we discuss multiplexing of different types of RSs. Specifically, we analyze the relationship among these RSs.  
Discussion
PTRS and SRS
For the case of UL CP-OFDM, the issue of mapping between PTRS and SRS is similar to that between PTRS and CSI-RS.  The gNB should avoid configuring PTRS and SRS transmission from the same UE.  If it does such configuration, it is likely to imply that PTRS is not needed in that symbol e.g. data is not in such symbol.  Similar to Agreement#3 in section 1 on puncturing of DL PTRS, we propose the same rule applied to UL PTRS overlapped with SRS.
Proposal 1: For UL CP-OFDM, when one or more of PT-RS RE(s) is overlapped with SRS, the one or more overlapping PT-RS RE(s) is punctured.
CSI-RS and DMRS/PDCCH/TRS
· CSI-RS and DMRS
Currently, at least four symbols in one slot have been supported for CSI-RS transmission. Specifically, for 32 ports CSI-RS, 4 adjacent symbols are preferred to make one CDM8 pattern composed of 8 adjacent REs. Considering so many candidate locations of DMRS, 4 adjacent symbols for CSI-RS transmission may be impossible if CSI-RS cannot be configured on any possible DMRS symbols.  This is especially hard for  the case of two front loaded DMRS symbols plus two additional DMRS symbols (or even more than 2 additional DMRS symbols).
In addition, if some CSI-RS patterns are aligned with front loaded DMRS patterns, CSI-RS and DMRS can be FDMed even in one PRB as shown in Figure 1.  Sharing CSI-RS pattern with DMRS is useful for interference measurement and self-contained feedback.  This would reduce the overhead of NZP and ZP CSI-RS. 
· If CSI-RS is also transmitted in DMRS patterns (i.e. they are basically the same signals), MU interference with real data precoding can be estimated by UE. This measured interference reflects real interference in MU. As NZP and ZP CSI-RS are both agreed to be used for interference measurement, either of them can be configured in DMRS patterns to measure interference power or perform interference channel estimation.
· In order to support fast feedback like self-contained feedback, it is beneficial to support front-loaded CSI-RS so that it gives sufficient time for UE to process and feed back CSI within a slot.  Resource sharing between CSI-RS and DMRS would allow putting CSI-RS resources in the front-loaded symbols.
Proposal 2: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols and additional DMRS symbols.
Especially, if CSI-RS and DMRS are mapped on different BWPs or CCs, there is no reason to restrict FDM between CSI-RS and DMRS. 
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Figure 1 FDM between CSI-RS and DMRS in one PRB
· CSI-RS and PDCCH
Similarly, CSI-RS can be configured on possible PDCCH region if there is no corresponding PDCCH transmission. In the region outside COREST in PDCCH symbols, at least aperiodic CSI-RS resources with partial band or sub-band CSI-RS can be used since the location of aperiodic CSI-RS resources can be dynamically selected.  
Proposal 3: From a UE perspective, CSI-RS can be mapped on REs outside COREST in PDCCH symbols.
Especially, if CSI-RS and PDCCH are mapped on different BWPs or CCs, there is no reason to restrict FDM between CSI-RS and PDCCH.
· CSI-RS and TRS
Regarding fine time/frequency tracking, we propose to use CSI-RS as TRS as described in our companion contribution [2]. Since one port is enough for fine time/frequency tracking, unified design between TRS and CSI-RS for beam management can be supported. In this case, some resource of CSI-RS for beam management may be used for fine time/frequency tracking. As shown in Figure 2, one port CSI-RS on symbol #6,#7,#8,#9 is for Tx beam training, and CSI-RS on symbol #7, #11 is for fine time/frequency tracking where the same Tx and Rx beam should be used. In other words, some CSI-RS resources can be used both for beam management and fine time/frequency tracking. 
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Figure 2 RE mapping for CSI-RS and TRS
Proposal 4: The resources of TRS and CSI-RS can be shared.
SRS and DMRS/PUCCH/PUSCH
· SRS and DMRS
In RAN1#89 meeting, there was an agreement on SRS RE mapping as following
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
[bookmark: OLE_LINK1]In order to ensure 4 adjacent symbols for SRS transmission, SRS resource should be allowed to be overlapped with some DMRS patterns, especially with DMRS pattern for extreme high speed scenario.
Moreover, since SRS pattern is aligned with configuration type 1 of front loaded DMRS pattern, it is possible to share resource between UL DMRS and SRS, i.e. same signal for DMRS and SRS.  It is useful to measure real interference and reduce SRS overhead. In addition, it is helpful for fast CSI measurement on gNB side if SRS can be mapped on UL front loaded DMRS symbol.
Proposal 5: SRS resource can be overlapped with some DMRS patterns. SRS and UL DMRS resources can be shared.
· SRS and PUCCH
In RAN1#90 meeting, both TDM and prioritization(working assumption) between PUCCH and SRS were agreed as described in Agreements#2 of section 1. For the prioritization based method, the prioritization rule should be predefined between gNB and UE, or configured to UE by gNB. For example, prioritization order can be: PUCCH carrying NACK or SR > aperiodic SRS > PUCCH carrying ACK > periodic SRS[3]. 
Another method is based on the time domain configuration of PUCCH and SRS. Since aperioidc signal is usually scheduled for urgent requirement, it should have higher priority than periodic signal. Then, the following priority rules are proposed:
· Periodic PUCCH (not including ACK/NACK) > periodic SRS
· Aperiodic SRS > periodic PUCCH
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority. 
· Usually, gNB should avoid scheduling overlapping resources for two aperiodic signals, i.e. the collision between two aperiodic signals should be avoided by gNB implementation. However, after scheduling an aperiodic signal in a resource, gNB can reallocate this resource for more important signal since the timing between DCI trigger and signal transmission can be dynamically configured in NR. This case is useful for high traffic load. Therefore, the signal with later DCI trigger should be the final determination of gNB once the collision happens.,
Proposal 6: The prioritization rule should be predefined between gNB and UE considering the massage carried by PUCCH.  Alternatively, following rules can be supported
· Periodic PUCCH (not including ACK/NACK) > periodic SRS
· Aperiodic SRS > periodic PUCCH
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority.
· SRS and PUSCH
In order to improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE. To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. More details can be found in our companion contribution [3].
Proposal 7: Unused bandwidth on SRS symbol can be used to transmit PUSCH from same or different UEs.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss multiplexing among PTRS, CSI-RS, SRS, TRS and DMRS. Furthermore, we provide our views as follows
Proposal 1: For UL CP-OFDM, when one or more of PT-RS RE(s) is overlapped with SRS, the one or more overlapping PT-RS RE(s) is punctured.
Proposal 2: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols and additional DMRS symbols.
Proposal 3: From a UE perspective, CSI-RS can be mapped on REs outside COREST in PDCCH symbols.
Proposal 4: The resource of TRS and CSI-RS can be shared.
Proposal 5: SRS resource can be overlapped with some DMRS patterns. SRS and UL DMRS resources can be shared.
Proposal 6: The prioritization rule should be predefined between gNB and UE considering the massage carried by PUCCH.  Alternatively, following rules can be supported
· Periodic PUCCH (not including ACK/NACK) > periodic SRS
· Aperiodic SRS > periodic PUCCH
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority.
Proposal 7: Unused bandwidth on SRS symbol can be used to transmit PUSCH from same or different UEs.
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