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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] and RAN1 AdHoc#2 [4] 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
Agreement 2
· From a UE perspective, NR supports one or both of the following options on a given carrier.
· Option 1: Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1: symbol level TDM
· Option 1-2: FDM
· Option 1-3: both symbol level TDM and FDM
· FFS: details
· Note: other options are not precluded
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or shot PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization.


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 LTE, the symbols used for SRS transmission in a slot may be configured cell-specifically, where periodic and aperiodic SRS can be UE-specifically configured to be mapped in there symbols. In NR, cell-specific SRS configuration may not be necessary because it will be very complex due to supporting of multiple numerologies and wide band in one cell. Therefore, it is necessary to study how to avoid collision between SRS and PUSCH from different UEs. Moreover, for aperiodic SRS, it may be not mapped on all RBs, and thus the unused RBs may be wasted if the SRS symbol is not allowed to map PUSCH. Hence, the SRS and PUSCH from different UEs can be FDM to further improve resource utilization. An example is illustrated in Figure 1.
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Figure 1. Co-existence of SRS and PUSCH in the same resource pool
One method to solve the problem above is to introduce UE-specific ZP-SRS, which can also be rate matching resource. The PUSCH is not allowed to be mapped on configured ZP-SRS resource. The tradeoff between configuration overhead and resource utilization should be considered. In particular, there are four options for ZP-SRS configuration, which are listed as follow:
· Opt1: symbol-level ZP-SRS

· Opt2: comb-level ZP-SRS

· Opt3: subband-level ZP-SRS

· Opt4: comb + subband level ZP-SRS

Opt1 allow gNB to indicate which symbol cannot be used for PUSCH transmission. It may have the lowest signaling overhead but the some RB or RE may be wasted if no SRS is mapped on them. The overhead of Opt2 and Opt3 is larger than Opt1, but it allows UE to transmit PUSCH on unused comb or sub-band, respectively. For Opt4, it has the largest configuration overhead but the best resource utilization. Therefore, for periodic and semi-persistent SRS, which are configured by high layer signaling, Opt2~Opt4 can be used for better resource utilization. For aperiodic ZP-SRS, which is triggered by DCI, Opt1 is preferred for low overhead. Additionally, since symbol-level ZP-SRS can be a combination of multiple ZP-SRS in Opt2~Opt4, triggering multiple aperiodic ZP-SRS pre-configured by high layer signaling in Opt2~Opt4 by one DCI can be another choice to reduce DCI overhead.
 Proposal 1:  To avoid interference between SRS and PUSCH from different UEs, NR should support UE-specifically configured ZP-SRS. 
Proposal 2: NR should support gNB to trigger symbol-level ZP-SRS or multiple ZP-SRS by one DCI. 
2.2 Multiplexing between PUSCH and UL DMRS

Similar to the analysis in [5] 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, the edges of the carrier are mainly used for PUCCH transmission, while PUSCH transmission and sounding region locate in the center of the carrier, meaning that PUCCH and SRS transmission from different UEs can be FDMed in the same OFDM symbol. From a UE’s perspective, generally PUCCH and SRS transmit in a TDM manner, and for non power limited UEs, PUCCH and SRS can transmit simultaneously. 
However, in NR, both long PUCCH and short PUCCH are supported. Unlike LTE, long PUCCH does not have to locate at the edge of the carrier, and its region can be determined by gNB configuration. In order to guarantee acquisition of channel state information of all resource for allocation, it is preferred that long PUCCH and SRS transmission from same and different UEs are multiplexed in TDM manner in principle. If some resources reserved for SRS transmission are unused, reutilization for long PUCCH transmission can be realized by rate matching RS.
In NR, with respect to short PUCCH, since SRS transmission in multiple consecutive OFDM symbols within a slot are supported, and both SRS and short PUCCH are expected to transmit in the last several symbols within a slot, multiplexing of reserved SRS resource and short PUCCH region should be considered, otherwise the short PUCCH transmission may not occur in this slot. One approach is to consider short UL control region as a SRS region and take part in the SRS hopping on the periodic SRS transmission slots, while for other slots, short UL control region can be located at a fixed frequency region. Accordingly, short UL control region configuration will follow tree-like SRS bandwidth and hopping configurations. In this way, SRS and PUCCH from different UEs can transmit in the same OFDM symbols. In addition, for non power limited UE, simultaneous transmission of PUCCH and SRS should also be supported. More details are discussed in [6].
Proposal 3: 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. 

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 DMRS 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
PT-RS is confined in the scheduled time/frequency duration for a UE. As rate matching RS could avoid collision between SRS and PUSCH, the collision between SRS and PT-RS won’t occur either. 
4 Conclusions
Based the discussions above, we have the following proposals:
Proposal 1:  To avoid interference between SRS and PUSCH from different UEs, NR should support UE-specifically configured ZP-SRS. 
Proposal 2: NR should support gNB to trigger symbol-level ZP-SRS or multiple ZP-SRS by one DCI. 

Proposal 3: 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. 
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