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In the RAN#98-e WG meeting, New WID on Expanded and Improved NR Positioning was approved [1]. One of the work item objectives is to specify SL PRS for support of sidelink positioning. 
	Objective:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 


Based on the discussion and agreements of the previous meetings, in this contribution, we press ahead with related issues to enable SL positioning, including the sequence design and the time-frequency domain mapping of SL-PRS. 
1 SL-PRS sequence design
In last meeting, companies reached an consensus on reusing the gold sequence for SL-PRS sequence generation, but remains several options on the pseudo-random sequence initialization equation, especially the definition of the SL-PRS sequence ID .
	Agreement 
For SL PRS sequence generation, consider at least the following options to define the parameter , and select one option: 
· Option 1:  is a higher layer configured parameter
· Option 2:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
· Option 3: based on a combination of higher layer configured parameter from a configured ID list and 12 bits of CRC of PSCCH associated with the SL PRS transmission
· Option 5:  is based on 12bits LSB of destination ID
· Option 6:  is based on 8 bits of source ID + 4 zero bits
· Option 7:  is based on the CRC field of the 2nd SCI associated with SL PRS transmission, if there is a 2nd SCI defined.


The first two options as the most promising candidates has been discussed and supported by companies. We revisit the respective pros and cons of the two options here which is helpful to keep things straight and make rational choice.
For Option 1: there are two considerations. Firstly, sequence ID for SL-PRS sequence generation can be (pre-)configured as part of SL-PRS resource configuration, which may ensure the security of SL-PRS measurement given that the SL-PRS resource configuration including sequence ID may be communicated between anchor and target UEs with higher layer signaling prior to the SL-PRS transmission. Besides, considering the distributed nature of sidelink and the out of coverage scenario, an  provided by higher layers is suitable for coordinating a large number of different UEs to use different sequence initialization to avoid sequence conflict.
For Option 2: SL-PRS sequence ID equals the decimal representation of the 12 bit CRC on the PSCCH associated with the SL-PRS. The main advantage is easy and straightforward. The Rx UE needs to firstly guarantee correctly receiving SCI before it decodes and measures the corresponding SL-PRS. The downside is that Due to the lack of unified network scheduling, for out-of-coverage scenario or resource allocation scheme 2, the UE autonomous allocation may results in repeated sequences, further affect SL-PRS measurements at the Rx UE.
Proposal 1: For the definition of the parameter , we support either option 1 (higher layer configured) or option 2 (12 bits CRC of PSCCH based).
2 Mapping SL-PRS to physical resources
With regards to the SL-PRS pattern design, companies agreed on part of the (M,N) pairs:
	Agreement 
For SL PRS in shared or dedicated resource pools, 
· at least comb sizes (N) 2, 4 are supported.
· Comb size 6 is supported at least in dedicated resource pool
· FFS: comb size 6 in shared resource pool
· Comb size 1 is supported at least in shared resource pool
· FFS: comb size 1 in dedicated resource pool
· comb sizes (N) > 12 are not supported.
· FFS: support of comb sizes (N) of 8, 12.

Agreement 
For SL PRS in shared and dedicated resource pools, 
· SL PRS patterns with full staggering are supported.
· FFS: whether (M,N)=(6,6) is supported
· SL PRS patterns with partial staggering are supported at least for the following (M,N) pairs:
· (M, 2) with M = {1} 
· (M, 4) with M = {2} 
· FFS: constraints on maximum effective comb size
· FFS: support of partial staggering for other comb sizes
· FFS: Support of SL PRS patterns with M > N at least with full staggering.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For sidelink communication/positioning, considering that an AGC symbol occupies the first or middle symbol of a slot for the UE to do AGC training to adopt the dynamic range of sidelink signals, and a GP symbol occupies the last or middle symbol of a slot for the UE to switch between sidelink transmission and reception. In addition, considering the PSCCH that associated with the SL-PRS transmission, hence the available symbols for SL-PRS transmission is no more than 12. On the other hand, the advantage of a larger comb size is that it can accommodate more comb-based multiplexing of SL-PRS from different UEs in a slot to support multiple UEs positioning simultaneously.  To this end, it is beneficial to support comb size of 8, and even 12 in dedicated resource pool if resource permitted. 
Proposal 2: Support both comb size 8 and 12 in a dedicated resource pool to accommodate more comb-based multiplexing of SL-PRS.
Additionally, several companies expressed concerns on the sidelink UE capability, i.e., more susceptible to phase noise. Notice that the PT-RS achieves phase-tracking by mapping reference signals on the same subcarriers across multiple symbols in PHY resources. Therefore, there are some voice hoping that the problem can be considered in the design of SL-PRS structure. To be specific, SL-PRS extends full staggering to be supported. In other words, the time domain consecutive symbol number M larger than the frequency comb size N, at least M=N+1. This ensures that the RE-offset of the SL-PRS of one (or more) of the later symbol is the same as that of the first (or the previous) symbol in SL-PRS pattern. Such a pattern allows a UE to measure the phase shift. On the contrary, if the mentioned pattern is not supported, the SL-PRS with the same RE-offset can be obtained for phase shift estimation only through pattern repetition. If the phase deviation problem cannot be ignored for sidelink UE, then we believe that the extended SL-PRS pattern design may be more suitable and efficient for the repeated pattern consumes more consecutive time symbols, which may be unnecessary physical resource usage.  
Proposal 3: Support repetition of the RE-offset in the SL-PRS pattern, e.g., the time domain consecutive symbol number M is larger than the frequency comb size N.
3 TDM-based multiplexing of SL-PRS from different UEs in a slot
Besides the Comb-based multiplexing of SL-PRS, the TDM-based multiplexing is also considered by several companies and discussed in last meeting, and made a conclusion that which should be supported for dedicated resource pool. This issue is expected to be taken up at the next meeting. 
	Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
FFS: whether or not this is a separate UE capability


The difference between the TDMed and the Comb-based manner is that different UEs transmit the SL-PRS on different OFDM symbols within the same slot instead of occupying different RE-offsets, this kind of multiplexing structure can improve the time-domain resource utilization and reduce the latency. However, note that in TDMed manner, the available symbols for each UE is limited, this situation is particularly serious for shared resource pool since there may exists sidelink communication channel/signals in the slot. So this only makes sense if there are generous resources for TDMed multiplexing in the shared resource pool, i.e., without SL-SCH. 
Proposal 4: For shared resource pool, TDM multiplexing in slots where PSSCH exist is not supported.
With regards to the possible configuration restriction, considering that for dedicated resource pool, one AGC symbol may be allocated before every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception, and one GP symbol may be always allocated after every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception, SL-PRS symbols are not expected to be mapped to that carrying AGC/GP or the related SCI.   
As for the applicable allocation scheme, let’s revisit the previous related two schemes as follows
	Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. Gnb, LMF, Gnb & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS


From our point of view, at least scheme 1 can be supported for SL PRS allocation of different UEs avoiding time consumption of sensing and allocation conflict/failure of random resource detection. 
Proposal 5: At least scheme 1 (Network-centric operation SL-PRS resource allocation) can be supported for TDMed SL PRS allocation of different UEs for dedicated resource pools.
4 Conclusion
Proposal 1: For the definition of the parameter , we support either option 1 (higher layer configured) or option 2 (12 bits CRC of PSCCH based).
Proposal 2: Support both comb size 8 and 12 in a dedicated resource pool to accommodate more comb-based multiplexing of SL-PRS.
Proposal 3: Support repetition of the RE-offset in the SL-PRS pattern, e.g., the time domain consecutive symbol number M is larger than the frequency comb size N.
Proposal 4: For shared resource pool, TDM multiplexing in slots where PSSCH exist is not supported.
Proposal 5: At least scheme 1 (Network-centric operation SL-PRS resource allocation) can be supported for TDMed SL PRS allocation of different UEs for dedicated resource pools.
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