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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 as well as the multiplexing of SL PRS.
1 SL-PRS sequence design
In last meeting, companies have make a progress for the definition of the SL-PRS sequence ID . However, there is still a notable divergence about whether it is determined by a higher layer parameter or based on 12LSB bits CRC of PSCCH. 
	Agreement
For SL PRS sequence generation, one of the following options is down-selected to define the parameter  :
· Option 1:  is a higher layer parameter.
· FFS: How the higher layer parameter is obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.
· Option 2:  is based on 12 LSB bits CRC of PSCCH associated with the SL PRS. 
· Option 3: based on a combination of higher layer parameter from a configured ID list and 12 LSB bits of CRC of PSCCH associated with the SL PRS. 
· FFS: How the higher layer parameter/ID list is determined/obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.


As we have noted, Opt. 2 has the advantages of convenient and shorter latency. The Rx UE always needs to decode the CRC with or without SL-PRS, so Opt. 2 means no additional signaling overhead.  
The potential security privacy concerns are the primary motivation for some companies to support Opt. 1 or 3, i.e., other UEs may eavesdrop on the SL PRS transmission from Tx UE and can measure their relative distance to the Tx UE. Opt. 3 is a compromise approach requiring more configuration and more decoding complexity hence is not in our favor.
Proposal 1: For the definition of , we support to define it as a higher layer parameter. 
2 SL-PRS transmission bandwidth
At the RAN1#110b-e meeting, two alternatives were agreed regarding the bandwidth of SL-PRS transmission within a dedicated resource pool.
	Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 



The benefit of alt. 1 is the flexibility of SL-PRS resource allocation within a dedicated resource pool. However, a smaller bandwidth of SL-PRS would degrade the SL positioning performance, and result in a waste of the remaining resources in frequency domain, especially when considering that only SCI and SL PRS transmission are multiplexed in the dedicated resource pool.  In addition, the support of Alt. 1 requires an additional signaling overhead for SL-PRS bandwidth indication whereas it can be saved for Alt.2 because of the mandatory bandwidth.  
Considering that multiple dedicated resource pools with different bandwidths can be configured to accommodate various use cases satisfying varying performance requirements. Therefore, the insufficient flexibility of Alt. 2 can be supplemented to some extent.  
Proposal 2: The bandwidth of SL PRS shall be the same as that of the dedicated resource pool.
3 Mapping SL PRS to physical resources
In last meeting, companies have made some progress in resource mapping after discussion
	Agreement
(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.

Agreement
At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.


As some companies noted, the available symbols for SL PRS in a slot spans from 1 to 9 excluding the first AGC symbol, the last GAP symbol and the possible 2 or 3 PSCCH symbols. Hence, a flexible configuration of M instead of only a few candidate values is more reasonable. We cannot expect the number of available symbols to always match exactly one of the few M values allowed. Allowing only limited number of (M, N) pairs means that the available symbols may not able to be fully utilized. Notice that we have made an agreement of (M, N) patterns with M>N with full staggering, furthermore, allowing repeated (M, N) patterns with partial staggering will facilitate flexible resource mapping and address the problem of wasted available symbols to some extent. 
In terms of fully staggering pattern, in order to enable higher positioning performance and accommodate more comb-based SL PRS multiplexing of different UEs, at least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (1,1), (2, 2), (4, 4), (6, 6), fully staggered patterns with (M, N) = (8, 8) should be supported.
Proposal 3: Support repeated (M, N) patterns with partial staggering, i.e., the SL PRS symbols are repeated with same order of comb offsets as in the first M symbols. 
Proposal 4: Support flexible number of SL PRS symbols, i.e., the value of M could span from 1 to 9.
Proposal 5: Support fully staggered patterns with (M, N) = (8, 8) for dedicated resource pools.
4 Comb-based SL PRS multiplexing in the dedicated resource pool
In RAN1#112 meeting, the following agreements were achieved for comb-based SL PRS resource multiplexing
	Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs


With regards to comb-based multiplexing of SL PRS from different UEs in a slot in a dedicated resource pool. The main divergence is whether to support combed multiplexing of multiple (M, N) values and decide the restrictions of M/N values. Some companies propose to support without any restrictions while other companies prefer to maintain a same M value.
However, note that it has been agreed in last meeting that SL PRS resource sets are not defined in Rel-18 since there are only one BWP for each carrier and the SL-PRS resources are configured within different resource pool. All the SL-PRS resources within the same resource pool could be viewed as within the same resource set. In other words, the resource pool of SL-PRS plays the same role as the resource set of PRS. Note that the comb size of all the PRS resources in PRS resource set is identical, which can be a reference for SL-PRS multiplexing here.
Besides, multiple (M, N) values will increase the resource selection complexity and may result in wasted resources because it is not always possible to guarantee that SL PRS of different (M, N) pairs fill all REs without missing a beat. In contrast, a single (M, N) pair is not only easier to allocate resources, but also more efficient in resource utilization.
Proposal 6: For comb-based multiplexing of SL PRS from different UEs in a slot in dedicated resource pool, do not support multiple (M, N) values.
5 Conclusion
[bookmark: _GoBack]Proposal 1: For the definition of , we support to define it as a higher layer parameter. 
Proposal 2: The bandwidth of SL PRS shall be the same as that of the dedicated resource pool.
Proposal 3: Support repeated (M, N) patterns with partial staggering, i.e., the SL PRS symbols are repeated with same order of comb offsets as in the first M symbols. 
Proposal 4: Support flexible number of SL PRS symbols, i.e., the value of M could span from 1 to 9.
Proposal 5: Support fully staggered patterns with (M, N) = (8, 8) for dedicated resource pools.
Proposal 6: For comb-based multiplexing of SL PRS from different UEs in a slot in dedicated resource pool, do not support multiple (M, N) values.
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