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1 Introduction
For DMRS, it was agreed in RAN1#88 [1] and RAN1#88b [2] that:

	Agreement 1
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreement 2
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols

· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR

Agreement 3
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
Agreement 4
· For CP-OFDM, if one additional DMRS exists

· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 

· FFS additional DMRS position for 14-symbol slot

· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 

· Evaluations are encouraged for next meeting


For PTRS, it was agreed in RAN1#89 [3] that:
	Agreement 1
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]

· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).

· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)

· FFS: frequency localized mapping

· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS


For SRS, it was agreed in RAN1#89 [3] that:
	Agreement 1
· 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


In NR uplink, there are several types of RS, DMRS, PTRS and SRS. Unlike LTE, the presence, time/frequency domain density and RE mapping of those RS is configurable in NR, therefore the collision avoidance or multiplexing of different RS types need to be carefully considered. Moreover, multiplexing of UL RS with channels, e.g. PUSCH, PUCCH and RACH is also discussed in this contribution. 
2 Multiplexing of UL RS and UL channels

2.1 Multiplexing between PUSCH and SRS
In NR, multiple adjacent symbols in a slot can be used to transmit SRS resource. The occasion that a scheduled SRS symbol is not fully occupied by SRS resource may happen more frequently compared to LTE in which there is less SRS symbols in a subframe. Therefore, in order to improve the spectral efficiency, unused resource in a SRS symbol can be recaptured for data transmission. 
The symbols used for SRS transmission in a slot may be configured cell-specifically. As shown in figure 1, the unused resource in the SRS symbols can be allocated to a UE to transmit data that does not need to transmit SRS resource in the current slot. And gNB can inform the UE whether or not to transmit PUSCH in the configured SRS symbols. 
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Figure 1. Co-existence of SRS and PUSCH in the same resource pool
The signaling can be conveyed in ‘SRS resource reuse indicator’ filed in DCI which will only be contained in slots where SRS symbols are configured. The number of bits for indication is determined by the maximum number of configured adjacent SRS symbols in a slot. For instance, if the maximum number of SRS symbols in a slot is 4, then the ‘SRS resource reuse indicator’ occupies 4 bits in DCI. Each bit corresponds to one SRS symbol. For instance, ‘0’ means that a UE cannot transmit PUSCH in this SRS symbol, and ‘1’ means that a UE can transmit PUSCH in all combs in this SRS symbol.

One may also consider to utilize unused combs for PUSCH transmission in a SRS symbol. However, the indication overhead can be very large. If the maximum number of SRS symbols in a slot is 4 and comb 4 is configured for SRS transmission, ‘SRS resource reuse indicator’ field in DCI will occupy 16 bits, in which 4 bits correspond to each SRS symbol and each one of those 4 bits corresponds to one comb in this symbol. 
Proposal 1:  NR should support transmitting PUSCH and SRS in different PRBs in the same symbol from the same or different UEs. 
2.2 Multiplexing between PUSCH and UL DMRS

Similar to the analysis in [4] for the relationship between DL DMRS and PDSCH, for UEs with CP-OFDM, FDM multiplexing between PUSCH and UL DMRS can be considered to improve system spectral efficiency.
2.3 Multiplexing between PUCCH and SRS
In LTE, PUCCH and SRS of different UEs could be FDM in different PRBs, and PUCCH and SRS of the same UE could coexist in a TDMed way. 
In NR, the multiplexing of SRS and long PUCCH can use the same way as the LTE design. Hence, a LTE-like SRS transmission mechanism can be reused in this case.

In NR, the multiplexing of SRS and short PUCCH should avoid any possible conflicts. Since short PUCCH occupies the last several symbols of the slot, scheduling in time/frequency/code domain between SRS and short PUCCH should be considered [5]. For example, SRS transmission applies a sequence which is orthogonal to the sequence applied on PUCCH DMRS to avoid interference.
Proposal 2: For short duration UL control channel, the following options for multiplexing of UL control channel and SRS can be considered: 

· UL control channel region is hopping as a SRS region.
· UL control channel region is semi-static configurable. 

· UL control channel region multiplexes with SRS in a CDM way on subcarriers for DMRS.

2.4 Multiplexing between RACH and UL RS
In LTE, the PRACH resource is orthogonal with other UL transmission. Therefore, the interference between PRACH and other UL transmission can be avoided. In NR, PRACH can be used for UL access and beam failure recovery request transmission. It is preferred to guarantee the orthogonality between PRACH and UL RS. Therefore, if collision happens between configured PRACH resource and UL RS, UE should puncture the UL RS.
3 Collision avoidance and multiplexing of UL RS
3.1 UL DMRS and PTRS

For UEs with CP-OFDM, as mentioned before, FDM multiplexing of UL DMRS and PUSCH can be considered in NR. In this symbol, UL DMRS could be used to estimate phase distortion instead of PTRS. Therefore, PTRS won’t be transmitted in UL DMRS symbol whether or not PUSCH is multiplexed.  

For UEs with DFT-s-OFDM, in order to maintain low PAPR/CM property, UL DRMS and PUSCH should be TDM multiplexed, thus UL DMRS and PTRS locate in different symbols, and RS collision will not occur as well. 
3.2 UL DMRS and SRS
In terms of RS symbol location in a slot, for UL DMRS, it was agreed that the symbol location of front loaded DMRS mapped over 1 or 2 adjacent symbols is fixed and one additional DMRS should be supported, but the specific DMRS symbol location is FFS. For SRS, it was agreed that multiple adjacent symbols, e.g. at least 1, 2, 4, can be configured for SRS resource within the same slot, and the specific SRS symbol location in a slot is FFS as well.
Similar to LTE, SRS could be transmitted in the last several symbols of a slot in NR. It is likely that the additional DMRS will locate in the last 4 symbols of a slot, e.g. 12th symbol in a 14 symbols slot. If only front-loaded DMRS will be transmitted in this slot, the possible performance loss due to the lack of additional DMRS needs to be considered. 
3.3 SRS and PT-RS
For PT-RS, it was agreed in RAN1#87 [6] that PT-RS is confined in the scheduled time/frequency duration for a UE. As discussed in Section 2.1, due to large DCI overhead, it is preferred to support only PRB-level FDM between PUSCH and SRS within the same symbol. Hence, the collision between SRS and PT-RS will not happen.
4 Summary of multiplexing different types of UL RS
In summary, as discussed in previous contents, to facilitate good system performance, orthogonal multiplexing of different UL channels and UL RS needs to be guaranteed.
Proposal 3: The following collisions should be avoided for uplink transmission in NR. 

· Collisions between UL channels and UL RS.
· Collisions between different UL RSs. 

5 Conclusions
Based the discussions above, we have the following proposals:
Proposal 1:  NR should support transmitting PUSCH and SRS in different PRBs in the same symbol from the same or different UEs. 
Proposal 2: For short duration UL control channel, the following options for multiplexing of UL control channel and SRS can be considered: 

· UL control channel region is hopping as a SRS region.
· UL control channel region is semi-static configurable. 

· UL control channel region multiplexes with SRS in a CDM way on subcarriers for DMRS.

Proposal 3: The following collisions should be avoided for uplink transmission in NR. 

· Collisions between UL channels and UL RS.
· Collisions between different UL RSs. 
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