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Introduction
At RAN#83 meeting, a work item for NR positioning was approved [1], in which an issue to define new DL positioning reference signal applicable for NR positioning techniques, such as DL-TDOA, DL-AoD and multi-RTT, was included on RAN1 scope. In RAN1#98bis meeting, a productive progress was made on the DL PRS design, including the BW granularity, RE patterns, resource repetition number, and muting, etc [2].
In this contribution, we discuss the remaining issues on the DL PRS design.
DL PRS design
1.1 
2.1 DL PRS multiplexing with other signals/channels
In LTE, the PRS to RE mapping pattern avoids the overlapping with the PDCCH transmission. Meanwhile, considering the PRS multiplexing with other signals/channels, it has the following limitations:
· 

The positioning reference signals shall not be mapped to resource elements  allocated to the core part of the PBCH, PSS or SSS regardless of their antenna port  [4];  
· A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended for the UE [5].
In a similar way, the NR DL PRS time/frequency resource allocation should avoid the collision with the SS-PBCH block, PDCCH, and PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI from the serving TRP. Considering the DL PRS multiplexing with PDSCH scheduled by UE data services, the limitation should be precluded. Supporting the DL PRS sharing time/frequency resources with PDSCH carrying data allows the continuous DL PRS transmissions and measurements/tracking, which is beneficial for improving the positioning accuracy and reducing the PRS overhead.
Proposal 1: The DL PRS shall not be mapped to resource elements allocated to the SS-PBCH block, PDCCH, and the PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI from the serving TRP.
Proposal 2: The DL PRS multiplexing with PDSCH scheduled by UE data services should be supported.

2.2 Number of symbols per DL PRS resource
In RAN1#97 meeting, the following agreement was achieved on the number of symbols and the comb-N value per DL PRS resource:
	Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12} 
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters


Except for the agreed {2, 4, 6} number of symbols and comb-N value, other configuration values for DL PRS resource are left for further discussion. To ensure the DL PRS hearability, and allows more TRPs multiplexing by using different RE offsets, it is beneficial to support comb-N value of 12; and hence 12 number of symbols per DL PRS resource should be support to achieve the full staggering pattern. On the other hand, even if comb-value larger than 6 is not supported in the current release, configuring number of symbols larger than 6 can be used to estimate the doppler shift and further enhance the measurement accuracy.
Proposal 3: Configuration of 12 symbols per DL PRS resource is supported.

2.3 DL PRS resource type
In RAN1#AH1901 meeting, it was agreed to support periodic and on-demand time behaviour of the DL PRS:
	Agreement:
NR DL PRS design for FR1 and FR2 supports:
· Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signalling details


According to this agreement, it is straightforward to support periodic, semi-persistent, and aperiodic DL PRS resources / resource sets. On how to trigger the on-demand DL PRS resource allocation, one feasible way is to let the LMF configure the on-demand PRS via LPP based on the positioning accuracy requested by the network client and/or the UE capability. In addition, to trigger the on-demand DL PRS in a more flexible and efficient way, L1 procedure and signalling using DCI can also be considered. More details are present in our companion contribution [6].
Proposal 4: Support periodic, semi-persistent and aperiodic DL PRS resource allocation.
Conclusions
In this contribution, we discuss the DL PRS designs and make the following proposal:
Proposal 1: The DL PRS shall not be mapped to resource elements allocated to the SS-PBCH block, PDCCH, and the PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI from the serving TRP.
Proposal 2: The DL PRS multiplexing with PDSCH scheduled by UE data services should be supported.
Proposal 3: Configuration of 12 symbols per DL PRS resource is supported.
Proposal 4: Support periodic, semi-persistent and aperiodic DL PRS resource allocation.
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