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Introduction
At RAN#98, a new work item “Expanded and improved NR positioning” (NR_pos_enh2) was approved [1] (and then revised at RAN#99 in [4]). The relevant WID objective is:
	· 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. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we provide our views as a way forward on the design aspects of the SL positioning reference signal (SL-PRS).
Discussion
SL-PRS bandwidth
In previous RAN1 meetings, the following feature lead’s proposal was discussed but so far not agreed:
	SL PRS bandwidth
[High] FL5 Proposal 2.3.2-1
[Working assumption] For dedicated resource pools, SL PRS bandwidth can be same as or smaller than resource pool bandwidth where the SL PRS bandwidth is provided by higher layers at least to a Tx UE.
· FFS: Details of higher layer signalling, including the option of selection by Tx UE.
· FFS: Whether Rx UE is additionally provided SL PRS bandwidth via higher layers.
· NOTE: Information on SL PRS bandwidth is expected to be indicated at least via SCI associated with SL PRS.
· [One or more] allowed SL PRS bandwidth value(s) can be (pre-)configured on a per resource pool basis.
· 



The question about the SL-PRS bandwidth has remained open during several meetings. The argument for allowing smaller bandwidth is to introduce some flexibility because the bandwidth requirements for SL positioning services can be, for example, 20, 40, or 100 MHz, depending on the use case and scenario. The counterargument is that there are no benefits of using a smaller bandwidth than that of the resource pool, and the positioning accuracy is better if the SL PRS is always using the resource pool bandwidth. If there is only one Tx UE, the counterargument is probably true, but the outcome is not as obvious in a multi-user environment and/or congested scenarios because FDM multiplexing of multiple Tx UEs with smaller bandwidths than the resource pool bandwidth in a slot enables to accommodate a greater number of Tx UEs and thus improves the system capacity.
[bookmark: _Toc134952775]Observation 1: If a SL-PRS bandwidth smaller than the resource pool bandwidth is sufficient to meet positioning requirements, there are no benefits to use more bandwidth than is needed.
[bookmark: _Toc134952780]Proposal 1: Confirm the working assumption that SL-PRS bandwidth can be the same as or smaller than resource pool bandwidth.
In addition, SL positioning cannot always rely on network connectivity, and for the sake of out-of-coverage scenarios, pre-configurations should be provided.
[bookmark: _Toc134952776]Observation 2: Upon the absence of network connectivity, allowed SL-PRS bandwidth values should be available as pre-configurations.
[bookmark: _Toc134952781]Proposal 2: Confirm the working assumption that allowed SL-PRS bandwidth values are pre-configured on a per resource pool basis.
SL-PRS frequency-domain and time-domain pattern
In previous RAN1 meetings, the following relevant agreements on SL-PRS sequence design pattern were made:
	RAN1 #109-e Agreement
With regards to the frequency domain pattern, study further a Comb-N SL-PRS design. Study at least the following aspects:
· N>=1 (where N=1 corresponds to full RE mapping pattern)
· Fully staggered SL-PRS pattern (e.g., M symbols of SL-PRS with comb-N with M=N and, at each symbol a different RE offset is used), Partially staggered SL-PRS pattern (e.g., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used), Unstaggered SL-PRS patterns (e.g., M symbol(s) of SL-PRS with comb- N, at each symbol a same RE offset is used, N > 1)
· The number of symbols of SL-PRS within a slot
· Any relation to the comb-N option
· RE offset pattern repetitions within a slot
· FFS: Other frequency domain pattern(s)
 
RAN1 #110 Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N

RAN1 #110 Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported
 
RAN1 #110bis-e Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose
 
RAN1 #112 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.
 
RAN1 #112 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.
 
RAN1 #112 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.
 
RAN1 #112 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



At RAN1#112 meeting, the issue of In-Band Emission (IBE) interference was mentioned by a number of companies (see [2] and the FL summary [3]).
 [image: ]
Figure 1. Example of four SL-PRS resource sets in a slot.
One issue here is a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot as shown in Figure 2. In Figure 2, Tx UE 1 and Tx UE 2 use adjacent REs for SL-PRS transmissions, where Tx UE 1 is far from Rx UE, while Tx UE 2 is close to Rx UE. In this case, the leakage of Tx UE 2’s signal (i.e., IBE) causes a near-far problem, which interferes with Tx UE 1’s signal at Rx UE and degrades the positioning accuracy of sidelink positioning. We refer to the IBE interference within a slot as “short-term” IBE interference.
[image: ]
Figure 2. Example of near-far problem due to in-band emission interference among UEs transmitting SL-PRS in the same slot.
In addition, if multiple Tx UEs transmit SL-PRS in periodic/semi-persistent scheduling (SPS) manner based on comb-based multiplexing of SL-PRS in the same slots, it causes a “(semi-)persistent” near-far problem, in which the near-far problem occurs in consecutive SL-PRS transmissions. This issue occurs when the relative distances among Tx UEs and Rx UE are kept almost the same over consecutive SL-PRS transmissions, and each Tx UE uses the same SL-PRS resource set that is subject to IBE interference every periodic SL-PRS transmission. This would degrade the positioning accuracy for a longer period. We refer to this issue as “persistent” IBE interference.
[bookmark: _Toc134952777]Observation 3: Comb-based multiplexing of SL-PRS from different UEs creates a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot.
[bookmark: _Toc134952778]Observation 4: Comb-based multiplexing of SL-PRS from different UEs in SPS or periodic scheduling creates persistent IBE interference issues.

[bookmark: _Toc134952782][bookmark: _Toc131784237]Proposal 3: RAN1 to design the comb-based SL-PRS multiplexing solution so that it mitigates the associated short-term IBE interference within the slot.
[bookmark: _Toc134952783]Proposal 4: RAN1 to design the comb-based SL-PRS multiplexing solution for periodic/semi-persistent SL-PRS transmissions so that it mitigates the associated persistent IBE interference in multiple consecutive SL PRS transmissions.
Regarding the possible comb sizes, one of the previous RAN1#112 agreements states:
	RAN1 #112 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.



The comb size 1 mitigates the IBE issue because there is only one UE involved. However, the comb size 1 reduces the number of multiplexed UEs.
[bookmark: _Toc134952779]Observation 5: Although the comb size 1 mitigates the IBE issue as there is only one UE involved, it reduces the number of multiplexed UEs.
One solution to mitigate the short-term IBE interference is that the Tx UE applies a frequency RE separation for the SL-PRS resource sets, as shown in Figure 3. This frequency RE separation can be provided by (pre-)configuration. The more frequency RE separation, the less IBE interference, but the smaller number of multiplexing UEs possible.
[image: ]
Figure 3. Examples of SL-PRS resource sets with different RE separation values between two adjacent active SL-PRS resource sets.
One solution to mitigate the persistent IBE interference would be that the Tx UE changes the SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. 
Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot.
[bookmark: _Toc134952784]Proposal 5: To mitigate the short-term and persistent IBE interference issues, the Tx UE applies a frequency RE separation for the SL-PRS resource sets. This frequency RE separation can be provided by (pre-)configuration.
[bookmark: _Toc134952785]Proposal 6: To mitigate the persistent IBE interference issue, the Tx UE changes the SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot.
Conclusion
The observations and proposals of this contribution are summarized as follows:
Observation 1: If a SL-PRS bandwidth smaller than the resource pool bandwidth is sufficient to meet positioning requirements, there are no benefits to use more bandwidth than is needed.
Observation 2: Upon the absence of network connectivity, allowed SL-PRS bandwidth values should be available as pre-configurations.
Observation 3: Comb-based multiplexing of SL-PRS from different UEs creates a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot.
Observation 4: Comb-based multiplexing of SL-PRS from different UEs in SPS or periodic scheduling creates persistent IBE interference issues.
Observation 5: Although the comb size 1 mitigates the IBE issue as there is only one UE involved, it reduces the number of multiplexed UEs.

Proposal 1: Confirm the working assumption that SL-PRS bandwidth can be the same as or smaller than resource pool bandwidth.
Proposal 2: Confirm the working assumption that allowed SL-PRS bandwidth values are pre-configured on a per resource pool basis.
Proposal 3: RAN1 to design the comb-based SL-PRS multiplexing solution so that it mitigates the associated short-term IBE interference within the slot.
Proposal 4: RAN1 to design the comb-based SL-PRS multiplexing solution for periodic/semi-persistent SL-PRS transmissions so that it mitigates the associated persistent IBE interference in multiple consecutive SL PRS transmissions.
Proposal 5: To mitigate the short-term and persistent IBE interference issues, the Tx UE applies a frequency RE separation for the SL-PRS resource sets. This frequency RE separation can be provided by (pre-)configuration.
Proposal 6: To mitigate the persistent IBE interference issue, the Tx UE changes the SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot.
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