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Introduction
In this contribution, we present our views on the design for the SL-PRS. Additional information is present in our contribution on resource allocation [1]. 
Discussion
[bookmark: _Ref111129351]Positioning Reference Signal design
SL PRS resources and resource sets  
During RAN1#112, it was concluded not to use SL PRS resource set in rel18. Further, the initial definition of a resource in the dedicated pool was agreed.

	Agreement
SL PRS resource sets are not defined in Rel-18. 

Agreement
· A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
· Characteristics associated with a SL PRS resource include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
· A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters



The discussion in RAN1#112b-e regarding the shared pool was whether the resource characteristic should be similar to the dedicated pool. For the listening UE, the resource information is received in LPP/SLPP. For the transmitting UE, the information is provided by the serving gNB or its own higher layers depending on the positioning scheme/mode. This information is common to both resource allocation scheme 1 and 2. For sensing purpose, the frequency domain allocation information must be replicated in SCI1A, but this does not mean the FDRA field in SCI1A should be used to allocate the PRS bandwidth just prior to PRS transmission/reception.  Additionally, keeping as much information within the SL PRS resource characteristics allows to minimize the need to provide the information within the SL PRS measurement reports. This information is needed in order for the LMF to understand the context in which the measurement was performed, how to combine it with other measurements, etc. 
[bookmark: _Toc135042778]Both the measuring UE and the LMF need SL PRS resource characteristics. 
[bookmark: _Toc135042841]SL PRS resource characteristics for shared resource pools are the same as for dedicated pools. 

Sequence design  
Options for sequence generation and the SL PRS sequence ID were further refined during RAN1#112b-e.  
	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.




The options were discussed and commented during RAN1#112b-e, with concerns on e.g. the source of the higher layer parameter (option 1, 3), privacy issues (option 2), interference randomization (option 1, 3), latency and robustness (option 1,3), etc. For the remaining options to be considered, we have the following comments:
· Option 2, using the CRC of PSSCH, would mean that SL PRS would be measurable by any UE able to decode the PSCCH, which is undesirable from the privacy perspective. As commented during RAN1#112b-e, SL PRS provides a high accuracy estimate of the UE location compared to other methods, thus there is a concern to allow any UE to be able to detect the SL PRS from another UE. Additionally, having SL PRS configuration completely open to any UE may result in exposure to jamming.
· Option 1 and 3 are both feasible from the privacy and security perspective, and for shared and dedicated resource pools. However, we note that the listening UE does not necessarily have to receive SCI for the purpose of receiving the PRS. The listening UE should be able to receive PRS based on higher layer assistance data received in SLPP and / or LPP. Otherwise, reception of SL PRS is conditioned on the hearability of PSCCH, for which there is no feedback mechanism. Hence SCI should only be assisting sensing. For this reason, we prefer selecting Option 1.   
· 
For scheme 1 resource allocation, the network can configure the SL PRS sequence initialization within the SL PRS configuration. For scheme 2 resource allocation, which are used for autonomous transmission, the configuration of the PRS sequence initialization could come from the UE’s own higher layer, or be based on a preconfigured value provided in the resource configuration. However, as commented during RAN1#112b-e, a preconfigured value may provide additional challenges, as such value may not be unique among UEs across the network, and it could be complex to deploy due to regulations related to preconfigurations.  Thus, our preference is that when the sequence ID is not provided by the network (e.g., when the UE is out of coverage). Instead of preconfiguration the UE’s own higher layer could generate the sequence ID.
[bookmark: _Toc135042842]For SL PRS sequence generation,  is a higher layer configured parameter
a. [bookmark: _Toc135042843]The listening UE receives the SL PRS sequence initialization as part of the assistance data via the transmitting UE higher layers or the LMF (LPP, SLPP). 
b. [bookmark: _Toc135042844]For resources in Scheme 1, the transmitting UE receives the SL PRS sequence initialization ID from the network higher layers, i.e., via RRC signalling. 
c. [bookmark: _Toc135042845][bookmark: _Toc134994628]For resources in Scheme 2, the transmitting UE chooses a specific sequence initialization provided by its own higher layers, if it is not provided by the network. 
Mapping of SL PRS to physical resources
Comb size for SL PRS  
During RAN1#112b-e, the following issue were discussed regarding the SL PRS comb size but did not converge:
	
	High] FL4 Proposal 2.3.1-1
· [Working assumption] For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
· N = 1, 8
· FFS: N = 12
· FFS: Whether they N =8 and N=12 (if supported) are limited to partially staggered patterns only.
[High] FL1 Proposal 2.3.1-2
· For SL PRS in shared resource pools, in addition to the already-agreed comb sizes (N) of 1, 2, 4, larger values of N are NOT introduced.



Sidelink positioning differs from downlink positioning in that the distances between the devices involved (RSU, UEs) can be very large in principle, but are typically very short compared to the coverage required for DL PRS, due to the UE output power limitation. Therefore, partially staggered combs, using a subset of the staggered comb patterns, are a possibility. 
In Table 1, we provide the range for different comb sizes and number of symbols. A full OFDM symbol at 15KHz offers a range of up to 20km (66us *3E8). The range is divided by the effective comb size when a full stagger pattern is not used.
[bookmark: _Ref20937805]Table 1: The TOA measurement range in microseconds and meters for a partially staggered Comb-12 signal of varying length for different numerologies.

	 
	Effective comb
	15kHz
	30kHz
	60kHz
	120kHz

	One symbol comb 12
	12
	5.6 / 1666m
	2.8 / 833m 
	1.4 / 416m
	0.7  / 208m

	Two symbol comb 12
	6
	11.1 / 3333m
	5.6 / 1666m
	2.8/ 833m
	1.4 / 416m

	Four symbol comb 12
	3
	22.2 / 6666m
	11.1 / 3333m
	5.6 / 1666m
	2.8/ 833m

	Twelve symbol comb 12 (full staggered pattern)
	1
	66.7 / 20000m
	33.3 / 10000m
	16.7 / 5000m
	8.3 / 2500m



Based on the content of Table 1, we observe the following:
[bookmark: _Toc135042779]Partially staggered comb patterns have a TOA range of at least 200m for comb 12, up to 1.5km for comb 2 with the largest SCS, which is well in range for the use cases in sidelink positioning. 
From the range perspective, it is thus possible to use partially staggered SL PRS and larger comb sizes such as comb 12. During the RAN1#112b-e discussion, comb-8 was also proposed. One issue raised was that comb-8 may generate uneven patterns, with some resource blocks with more occupied Res than others.  While we think that it would be simpler to only support comb 12, we propose as a compromise to also support comb 8, at the condition that the number of SL PRS Res per symbol is kept the same. In our understanding, the condition is that the resource allocation is done in multiple of  2 PRBs. 

[bookmark: _Toc135042846]For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
d. [bookmark: _Toc135042847]N = 1, 8,12
e. [bookmark: _Toc135042848]For N=8, resource allocation of the SL PRS must be in multiple of 2 PRBs. 
 
For the shared resource pool, we think that if comb-multiplexing is feasible, the same comb sizes should be supported as for dedicated pool. However, this depends on the support of slots without PSSCH multiplexed with SL PRS, since SL-PRS in the shared pool has the same bandwidth as the PSSCH when present.
[bookmark: _Toc135042849]For SL PRS in shared resource pools, the same comb sizes as for the dedicated pools are supported, if SL PRS is not in the same slot as PSSCH. 
Bandwidth of SL PRS

	[bookmark: _Hlk128172394][High] FL1 Proposal 2.3.2-1
· For dedicated resource pools, RAN1 to down-select between:
· Alt 1: SL PRS bandwidth is same as resource pool bandwidth.
· Alt 2: SL PRS bandwidth can be same as or smaller than resource pool bandwidth.
[High] FL1 Proposal 2.3.2-2
· For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH if/when PSSCH is present in a shared resource pool.
[Medium] FL1 Proposal 2.4-4
· On comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values within a slot in a dedicated resource pool, down-select between:
· Alt A1: Supported without any restrictions
· Alt A2: Supported for same M values and different N values. For different M values, only when the different (M, N) pairs are multiplexed via TDM within a slot. 
· FFS: Potential restrictions on possible N values for a given M.
· Alt B: Not supported




Firstly, the resolution of the SL PRS bandwidth in the dedicated pool should be clarified. We think that it is natural to re-use the sub-channel concept from SL.
[bookmark: _Toc135042850]For dedicated and shared resource pools the SL bandwidth is expressed in number of subchannels, and the subchannel size in PRBs is part of the pool configuration. 
The topic on the bandwidth of the SL PRS has been discussed in two separate proposals.
Regarding the configuration in the dedicated pool, there is a discussion regarding the flexibility of the SL PRS bandwidth, i.e., being smaller or the same as the resource pool bandwidth. In previous discussions, there was concern that a flexible bandwidth may cause comb-multiplexed UEs to use different bandwidth.  We recognize that this would be an issue when there is no centralised decision as to which bandwidth to use for PRS transmission. However, the bandwidth of SL PRSs resource can be controlled by the network in scheme 1. In scheme 2, if all the comb-multiplexed transmission are targeting the same requesting/measuring UE, the bandwidth for each transmitting UE can also be coordinated by the requesting/measuring UE. Thus the issue is limited to comb-multiplexing of different positioning UEs, which was also discussed in a separate proposal. 
Hence we propose to support the flexibility of the SL PRS bandwidth in the dedicated pool, but also propose to clarify that multiple Tx/Rx UEs pairs are not expected to be comb-multiplexed in scheme 2.  
[bookmark: _Toc135042851]For dedicated resource pools SL PRS bandwidth can be same as or smaller than resource pool bandwidth, and is expressed as an integer number of subchannels.
[bookmark: _Toc135042852]For dedicated resource pools, comb multiplexing of different Tx/Rx UE pairs in scheme 2 is not supported. 
For the shared resource pool, our view is that the SL PRS bandwidth may also be flexible, but follow the PSSCH bandwidth when present. If slots with only SL PRS +PSCCH and without PSSCH are allowed, the SL PRS bandwidth can be independent of PSSCH in these slots. 
[bookmark: _Toc135042853]For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH if/when PSSCH is present in a shared resource pool.
Puncturing or Rate matching of the SL-PRS
During RAN1#112b-e, we agreed that the UE was not mapping SL PRS to PSSCH DMRS. However, the complete UE behaviour regarding puncturing SL-PRS or skipping the DMRS symbol while allocating the SL PRS in the slot was left unclear. 
	Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).




The agreement leaves unclear the expected SL PRS transmission for the receiving UE. The options are as follow:
· Option 1: The SL PRS symbol colliding with DMRS is dropped (puncturing case).
· Option 2: The DMRS symbol is skipped for SL PRS, and the SL PRS duration spans the SL PRS number of symbol + the DMRS duration
· Option 3: The DMRS symbol is skipped, and the SL PRS symbols are mapped (rate matching case) so that only the SL-PRS symbol 0…M-1-X are mapped, where X is the number of DMRS symbols colliding.
[image: Graphical user interface, chart, treemap chart
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In our view, both the second and third option change the way the SL PRS will be mapped onto the grid and thus increase UE complexity. It should be clarified that the SL PRS symbol should be dropped when the PSSCH DMRS is colliding, i.e., the behaviour is similar to DL PRS collision with SSB. 
[bookmark: _Toc135042854]For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s), and the SL PRS symbol colliding with PSSCH DMRS is dropped.
FDM between SL PRSs
	[Medium] FL1 Proposal 2.4-5
· FDM-based multiplexing of SL PRS from different UEs in a slot is NOT supported for dedicated/shared resource pools.



During RAN1#112b-e, we discussed the use of FDMed SL PRSs from different UEs. based on our understanding, FDM is supported by the current V2X framework, and therefore, it seems impossible not to support it in the shared resource pool. For the dedicated pool, we prefer not to allow FDM between different UEs in order to increase the likelihood for a UE to find available wideband SL PRS resources. 
[bookmark: _Toc135042855]FDM-based multiplexing of SL PRS from different UEs in a slot is NOT supported for dedicated resource pools.
f. [bookmark: _Toc135042856]Note: FDM is already supported for legacy resource pools.
Patterns for SL-PRS  
During RAN1#112b-e, the RE offset sequence for SL PRS was discussed with the following agreement and proposal:
	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.

FL3 Proposal 2.3.4-3
(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.
Conclusion
For a partially staggered SL PRS pattern (M, N), repetition of a partially staggered SL PRS pattern (M, N) in a slot is not supported.
[High] FL1 Proposal 2.3.4-2
· For partially staggered patterns, the max effective comb size is determined based on down-selection from the following alternatives:
· Alt 1: Max effective comb size = 2
· Alt 2: Max effective comb size = 3
· Alt 3: Max effective comb size = 4
· Alt 4: Max effective comb size = 6
· Alt 5: No explicit limit

[Low] FL1 Proposal 2.3.4-5
· Repetition of the RE-offset of the first SL-PRS symbol in the last SL-PRS symbol to further facilitate phase-tracking/Doppler estimation (to be down-selected from amongst the following):
· Alt A: is explicitly supported for all (M, N) SL PRS patterns
· Alt B: may be realized based on proper SL PRS resource configuration (e.g., with proper choice of M>N) and/or may be realized using repetitions of SL PRS resources (if supported)
· Alt C: is not supported.




Regarding the use of additional values for M,N with full staggering, we thin that if comb-8 is supported, M,N=8,8 could be also supported. Regarding comb-12, we think only partial staggering need to be supported, considering the slot constraints. 
For the shared resource pool, we think the same M,N values can be supported if the SL PRS can be in a slot without PSSCH. 
[bookmark: _Toc135042857]For dedicated SL PRS resource pools, support comb-12 with partial staggering, and comb 8 with full and partial staggering.   
[bookmark: _Toc135042858]For shared resource pools, the same M,N values as for the dedicated pool can be supported in slots where the SL PRS is transmitted without PSSCH. 
Regarding the maximum effective comb size, we have previously discussed the use of comb-based multiplexing and the range offered by effective combs larger than 1. Clearly there are use cases where higher effective comb value should not be precluded. Therefore, we prefer not to preclude any effective comb to be supported. 
[bookmark: _Toc135042859]For partially staggered patterns, the effective comb can be up to the comb size, i.e. no explicit limit is set in specification. 
Regarding the use of repetition for the SL PRS pattern for the purpose of tracking or Doppler estimation, we think it would be enough to use multiple instances of a SL PRS resource, such as consecutive slots.  
[bookmark: _Toc135042860]Doppler or tracking is handled with multiple SL PRS resource instances, i.e., do not specify repeating patterns for SL PRS resources. 
Comb based multiplexing
For comb based multiplexing the following agreement has been made:
	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




Below we address some aspects related to comb multiplexing.
Configuration of the starting subchannel 
When a UE receives multiplexed SL PRS of different comb offsets, one of the issues is the PSCCH carrying SCI for each of these SL PRS. In legacy, a SL PSSCH and its associated SL PSCCH are in the same slot. With comb-based multiplexing, multiple PSCCH from different transmitting UEs need to be transmitted to carry the SCI for sensing. To do so, the listening UEs must be able to detect/decode multiple instances of SCI/PSCCH in the slot. In order not to increase the PSCCH decoding, and keep a high number of available SL symbols for SL PRS, we propose that all PSCCH for comb-multiplexed SL PRS are in the same PSCCH symbols. 
In legacy NR sidelink, however, the lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted. In order to multiplex in the comb domain, this restriction must be relaxed, and the lowest subchannel for the SL PRS must be conveyed to the transmitting UE (in scheme 1) and the receiving UE (in both schemes).  Such scheme was available for LTE sidelink, where the FDRA field is encoded as a RIV signalling both starting sub-channel and number of subchannels allocated. 
An example of the slot with comb-based multiplexing is shown in figure 1 below. Note that additional AGC symbol (s) may be required, as discussed in section 2.3.3.
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Figure 1 PRS allocation with multiple SCIs in the SL PSCCH region
Based on the above discussion we propose:
[bookmark: _Toc135042861]In the dedicated pool, the lowest subchannel index for the DL PRS is part of the DL PRS resource information in both assistance data to the listening and resource allocation signaling to the transmitting UE.
g. [bookmark: _Toc135042862]FFS: whether the starting subchannel is dynamically signaled in SCI/DCI or semi-statically configured in resource configuration.
[bookmark: _Ref131625872]Configuration of comb based multiplexing in the shared pool
During RAN1#112b-e, we discussed the following proposal:
	[High] FL3 Proposal 2.4-1
· Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs in a dedicated resource pool, at least the case wherein a single (M, N) value is configured in a resource pool is supported. 
· FFS whether/how to allow multiple (M,N) values.




 The study item agreed to preserve backward compatibility in the shared resource pool for resource sensing and reservation coexistence with legacy UEs. With this constraint, enabling comb-based multiplexing in the shared resource pool is feasible, but with some conditions.  The first condition is that SL PRS can be transmitted without PSSCH. 
To comply with the legacy design, the PSCCH carrying SCI for each of the combs will have to overlap, since all PRSs will occupy the same frequency range and thus the starting subchannel (carrying PSCCH) will be the same for all the multiplexed PRSs. To support legacy sensing, the PSCCH transmission could be made identical for all UEs so that the overlapped PSCCH are received in a single-frequency-network (SFN) fashion at a receiver. Information related to the SL PRS resource, like the comb, could be carried by higher layer signalling, thus an identical SCI to only signal the time-frequency occupation of the SL PRSs is feasible. One potential issue of such SFN solution is that the resulting received power could in some scenarios cause a large power increase at the receiver that would require AGC back-off, which may require special attention.
[bookmark: _Toc135042863]Configuration of comb based multiplexing in the shared pool is supported. 
h. [bookmark: _Toc135042864]The listening UE expect identical SCIs from each transmitting UE, in the same subchannel. 
i. [bookmark: _Toc135042865]SL PRS resource information is carried in higher layers, not in SCI
j. [bookmark: _Toc135042866]FFS: Impact on power control
 
An additional implication that needs to be addressed, specifically if comb-based multiplexing is not supported for the shared pool, is the choice of RE offset for the SL PRS. If a single RE offset is always used, or predominantly used, the inter SL PRS interference will be high on that specific frequency comb. This will lead to a degradation of the measurement performance on that comb. To avoid this, the UE should select the RE offset in a randomized way, leading interference to be spread out on all combs.
[bookmark: _Toc135042780]If all SL PRS transmissions use the same RE offset, the generated interference gets concentrated on a single comb which may limit measurement performance
[bookmark: _Toc135042867]If comb-based multiplexing is not supported in the shared pool, the RE offset value for a PRS transmission should be randomly chosen by the UE
Slot formats for SL PRS 
Symbols available for SL PRS configuration  
As discussed previously, SL PRS could be a fairly short reference signal in time duration, when coverage is not an issue, and sparse in the frequency domain, when range is not an issue. This leaves a lot of potential flexibility in terms of how to place the PRS in the slot.  
Considering the need of AGC-settling symbols, symbols for PSCCH, and a minimum duration of SL PRS of 1 symbol, the starting SL PRS symbol could be placed in multiple locations in the slot as illustrated in Figure 2.  For support of intra-slot RTT, a guard period to allow the UE for transitioning from transmitting the SL PRS to measuring another SL PRS should be agreed.  
Based on these observations, it should be possible to configure a SL PRS resource to start anywhere in the slot between symbol 1 and 13. Symbol 0 can be left reserved for AGC settling, and symbol 13 would be the guard symbol. 
[bookmark: _Toc127532786][bookmark: _Toc127532820][bookmark: _Toc127532852][bookmark: _Toc127532884][bookmark: _Toc135042868]The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
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Description automatically generated]
[bookmark: _Ref131624847]Figure 2 Slot layout for SL PRS

PSCCH length  
The configurations for PSCCH signalling the SL PRS in the shared pool should follow legacy, i.e., PSCCH candidates can be located in symbols 1+2 or 1+2+3, and candidates are located in each subchannels in a block of PRBs up to the configuration.  For the dedicated pool, a potential optimization is to introduce a 1-symbol PSCCH, in order to maximize the TDM possibilities for the SL PRS. 
[bookmark: _Toc135042869]In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
[bookmark: _Toc135042870]In a dedicated resource pool, the PSCCH configuration supports 1,2 or 3 symbols for PSCCH. 

Coexistence of SL PRS and PSCCH 
In our view, PRS and other channels should not coexist in the same symbol, i.e., if a UE finds an SCI in a given PSCCH symbol, it does not expect to have PRS configured in the same symbol. This will ensure that the SL-PRS range and hearability is maintained.
[bookmark: _Toc135042871]SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI 
TDM of multiple PRSs in the slot from different UEs
The following was agreed in RAN1#112 and RAN1#112b-e:

	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

Agreement 
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pools.




TDM of multiple SL PRS from different UEs has consequences in SCI decoding and choice of AGC symbols.
Regarding AGC symbols, TDM of SL PRS from multiple UEs generally implies multiple AGC symbols, since power may vary greatly between symbols received from different UEs.  We therefore support inserting one AGC symbol for each SL PRS occasion in the slot. The AGC symbol can be a replica of the first SL PRS symbol. 
For SCI decoding, it is desirable to have a single occasion each slot where the UE will do blind decodes for SCI. Therefore, TDMed SL PRSs should have a common location for PSSCH. However, this would make the PSCCH region power dependent of both the transmitted PRSs, and thus potentially requiring its own AGC symbol.  Therefore, we propose to study further the use of a single region for PSSCH when SL PRS are TDMed in a slot. We see three solutions to the issue.
Solution 1: The first symbol of the PSCCH region is used as an AGC symbol for PSCCH, as depicted in Figure 3. This option may suffice if the positioning use cases are for ranges short enough that 1 or 2 PSCCH symbols are enough for ensuring a reliable SCI. We note the presence of the AGC symbol for the PSCCH need to be configured for all resources in the resource pool. 
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[bookmark: _Ref131627588]Figure 3: Solution 1 for TDM of SL PRS in dedicated pool
 
Solution 2:  A separate PSCCH set of symbols is set aside for each PRS reception, as shown in Figure 4. This has the advantage of giving full flexibility, dividing the slot in “mini slots” for each PRS. However, it also increases the number of occasions for blind decodes of PSCCH in a slot and limits the available space for PRS.
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[bookmark: _Ref131627624]Figure 4: Solution 2 for TDM of SL PRS in dedicated pool

Solution 3: No specific AGC symbol is set for PSCCH and a single PSCCH region is used, as illustrated in Figure 5.  In that case the UE is vulnerable to near-far effects, since only one of the UEs would contribute to the AGC symbol power. 
[image: ]
[bookmark: _Ref131627641]Figure 5: Solution 3 for TDM of SL PRS in dedicated pool
 
[bookmark: _Toc135042872]For the case of SL PRS TDMed in a SL slot, each SL PRS is assigned a separate AGC symbol. 
[bookmark: _Toc135042873]Study further the location of PSCCH in the slot for multiple TDMed SL PRS, and the need for a separate AGC symbol for PSCCH.
Guard symbols after SL PRS transmission 

	[High] FL4a Proposal 2.3.5-3
· [Working assumption] At least in a dedicated resource pool, a SL PRS resource is followed immediately by a gap symbol to accommodate Tx to Rx switching.
· FFS: Exceptions, if any
· FFS: for SL PRS resource in a shared resource pool.




Guard symbols have been discussed during the study items to allow for retuning time between Rx and Tx in e.g., an RTT slot.  From the RAN1 perspective, we think it is enough to discuss whether to support intra slot and inter slot RTT, and ask RAN4 what would be the suitable time between the end of SL PRS transmission and the beginning of reception, but we do not think a guard symbol should be configured to the UE. 
[bookmark: _Toc135042874]Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots
Power control for SL PRS 
SL pathloss reference for open-loop power control for SL PRS.
The following agreements were captured during RAN1#112b-e:

	FL3 Proposal 3.1-1
For the SL PRS open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· The same principle as for PSSCH power control is applied for deciding which (i.e., SL, DL, or SL and DL) pathloss to use.
· FFS: SL pathloss reference for open-loop power control for SL PRS.


Agreement
For a dedicated SL PRS resource pool, options for SL pathloss reference for OLPC for SL PRS are (to be down-selected from):  
· Option 1: SL PRS as pathloss reference
· Option 2: PSCCH DMRS as pathloss reference
· Option 3: Both Options 1 and 2
· FFS: Selection between Option 1 and Option 2, including (pre-)configuration.




For the sidelink pathloss, the SL PRS is the most suitable reference when PSSCH is not transmitted (i.e. in the dedicated pool, or in the shared pool without PSSCH). In the previous meeting it was also proposed to consider the PSCCH DMRS, but in our view the SL PRS will provide a better measurement, being typically wideband and spanning multiple symbols in the slot. 
[bookmark: _Toc135042875]For a dedicated resource pool or a shared resource pool, if PSSCH (including PSSCH DMRS) are not present in a slot with SL PRS, SL PRS is selected as pathloss reference for OLPC
SL PRS transmit power in the shared pool
	[Medium] FL4 Proposal 3.1-3
· For a shared resource pool, SL PRS transmit power is same as that for PSSCH when PSSCH is transmitted in the same slot at least when SL PRS is transmitted without a time gap from PSSCH transmission.



In the shared pool, there should be a common power control for both the data and PRS, if SL-PSSCH is transmitted in the same slot. This is due to the need for backward compatibility and thus the impossibility to insert new AGC symbols to accommodate power changes between PRS and PSSCH. We therefore support the original FL proposal from RAN1#112. 
[bookmark: _Toc135042876]For a shared resource pool, SL PRS transmit power is same as that for PSSCH if/when PSSCH is transmitted in the same slot.
When the PSSCH is not transmitted in the same slot, the power can be set independently for the SL PRS.  The power of the PRS should however follow the power for the PSCCH so that the same AGC symbol can be shared and maintain backward compatibility.  It should also be clarified whether a tx gap should be inserted between the PSCCH and the SL PRS due to the change of bandwidth. RAN4 should be consulted on this issue. 
[bookmark: _Toc135042877]For a shared resource pool, when PSSCH is not transmitted in the slot, SL PRS transmit power is same as that for PSCCH. 
k. [bookmark: _Toc135042878]Send an LS to RAN4 regarding the need for transient time gap between PSCCH and SL PRS. 
SL PRS transmit power in the dedicated pool
	agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.
[High] FL4a Proposal 2.3.5-2
· [Working assumption] At least in a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol.
· FFS: How the AGC symbol is created
· FFS: Cases involving TDM-ed SL PRS resources within a slot
· FFS: Other exceptions, if any
· FFS: for SL PRS resource in a shared resource pool.

[Medium] FL1 Proposal 3.1-4
· For TPC for PSCCH associated with SL PRS in dedicated resource pools the following options are considered further:
· Option A: Same Tx power between PSCCH and SL PRS (no need for AGC but transient gap may still be needed due to PSD change if BW of PSCCH and SL PRS are different). RAN1 to consider sending an LS to RAN4 for confirmation. 
· Option B: Same Tx PSD between PSCCH and SL PRS (AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· Option C: Independent power control between PSCCH and SL PRS (AGC symbol or AGC symbol and transient gap may be needed between PSCCH and SL PRS)
· Other options are not precluded.
Please provide justifications for your preference.  




The dedicated pool should support comb based multiplexing, and allow multiple PRSs to coexist in the slot. This means there may also be multiple SCIs in a PSCCH region, allocated in different subchannels in the PSCCH symbols.  For that reason, a separate AGC between PSCCH and SL PRS(s) may be required. Further AGC positions may also be needed if TDM is considered.  Regarding the need for a transient gap, RAN4 can be consulted.  When the SL PRS are comb-multiplexed, they can share the AGC symbol position, and different subcarrier position in the AGC symbol will correspond to different SL PRSs, depending on which SL PRS has a mapped RE for that subcarrier. 
[bookmark: _Toc135042879]For a dedicated resource pool,  SL PRS and PSCCH have independent AGCs.
l. [bookmark: _Toc135042880]The AGC contains a replica of the first SL PRS symbol
m. [bookmark: _Toc135042881]Comb-multiplexed SL PRSs share the same AGC
n. [bookmark: _Toc135042882]Send an LS to RAN4 regarding the need for transient time gap between PSCCH and SL PRS. 
Conclusions
 In the previous sections we made the following observations: 
Observation 1	Both the measuring UE and the LMF need SL PRS resource characteristics.
Observation 2	Partially staggered comb patterns have a TOA range of at least 200m for comb 12, up to 1.5km for comb 2 with the largest SCS, which is well in range for the use cases in sidelink positioning.
Observation 3	If all SL PRS transmissions use the same RE offset, the generated interference gets concentrated on a single comb which may limit measurement performance

Based on the discussion in the previous sections we propose the following:
Proposal 1	SL PRS resource characteristics for shared resource pools are the same as for dedicated pools.
Proposal 2	For SL PRS sequence generation,  is a higher layer configured parameter
a.	The listening UE receives the SL PRS sequence initialization as part of the assistance data via the transmitting UE higher layers or the LMF (LPP, SLPP).
b.	For resources in Scheme 1, the transmitting UE receives the SL PRS sequence initialization ID from the network higher layers, i.e., via RRC signalling.
c.	For resources in Scheme 2, the transmitting UE chooses a specific sequence initialization provided by its own higher layers, if it is not provided by the network.
Proposal 3	For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
a.	N = 1, 8,12
b.	For N=8, resource allocation of the SL PRS must be in multiple of 2 PRBs.
Proposal 4	For SL PRS in shared resource pools, the same comb sizes as for the dedicated pools are supported, if SL PRS is not in the same slot as PSSCH.
Proposal 5	For dedicated and shared resource pools the SL bandwidth is expressed in number of subchannels, and the subchannel size in PRBs is part of the pool configuration.
Proposal 6	For dedicated resource pools SL PRS bandwidth can be same as or smaller than resource pool bandwidth, and is expressed as an integer number of subchannels.
Proposal 7	For dedicated resource pools, comb multiplexing of different Tx/Rx UE pairs in scheme 2 is not supported.
Proposal 8	For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH if/when PSSCH is present in a shared resource pool.
Proposal 9	For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s), and the SL PRS symbol colliding with PSSCH DMRS is dropped.
Proposal 10	FDM-based multiplexing of SL PRS from different UEs in a slot is NOT supported for dedicated resource pools.
a.	Note: FDM is already supported for legacy resource pools.
Proposal 11	For dedicated SL PRS resource pools, support comb-12 with partial staggering, and comb 8 with full and partial staggering.
Proposal 12	For shared resource pools, the same M,N values as for the dedicated pool can be supported in slots where the SL PRS is transmitted without PSSCH.
Proposal 13	For partially staggered patterns, the effective comb can be up to the comb size, i.e. no explicit limit is set in specification.
Proposal 14	Doppler or tracking is handled with multiple SL PRS resource instances, i.e., do not specify repeating patterns for SL PRS resources.
Proposal 15	In the dedicated pool, the lowest subchannel index for the DL PRS is part of the DL PRS resource information in both assistance data to the listening and resource allocation signaling to the transmitting UE.
a.	FFS: whether the starting subchannel is dynamically signaled in SCI/DCI or semi-statically configured in resource configuration.
Proposal 16	Configuration of comb based multiplexing in the shared pool is supported.
a.	The listening UE expect identical SCIs from each transmitting UE, in the same subchannel.
b.	SL PRS resource information is carried in higher layers, not in SCI
c.	FFS: Impact on power control
Proposal 17	If comb-based multiplexing is not supported in the shared pool, the RE offset value for a PRS transmission should be randomly chosen by the UE
Proposal 18	The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
Proposal 19	In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
Proposal 20	In a dedicated resource pool, the PSCCH configuration supports 1,2 or 3 symbols for PSCCH.
Proposal 21	SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI
Proposal 22	For the case of SL PRS TDMed in a SL slot, each SL PRS is assigned a separate AGC symbol.
Proposal 23	Study further the location of PSCCH in the slot for multiple TDMed SL PRS, and the need for a separate AGC symbol for PSCCH.
Proposal 24	Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots
Proposal 25	For a dedicated resource pool or a shared resource pool, if PSSCH (including PSSCH DMRS) are not present in a slot with SL PRS, SL PRS is selected as pathloss reference for OLPC
Proposal 26	For a shared resource pool, SL PRS transmit power is same as that for PSSCH if/when PSSCH is transmitted in the same slot.
Proposal 27	For a shared resource pool, when PSSCH is not transmitted in the slot, SL PRS transmit power is same as that for PSCCH.
a.	Send an LS to RAN4 regarding the need for transient time gap between PSCCH and SL PRS.
Proposal 28	For a dedicated resource pool,  SL PRS and PSCCH have independent AGCs.
a.	The AGC contains a replica of the first SL PRS symbol
b.	Comb-multiplexed SL PRSs share the same AGC
c.	Send an LS to RAN4 regarding the need for transient time gap between PSCCH and SL PRS.

[bookmark: _In-sequence_SDU_delivery]References
 R1-2305831, Resource allocation for SL positioning reference signal, Ericsson, RAN1#113
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