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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 agreed not to define a SL PRS PFL. Regarding the organization of SL PRS resources in resource sets, the FL summary [REF] had the following:

	Agreement
A SL PFL is not defined. SL positioning RS are defined directly with respect to and contained within a single SL BWP and carrier.
[Medium] FL1 Proposal 2.1-2
· As a starting point, SL PRS resources and SL PRS resource sets are defined similar to the definitions for DL PRS resources and DL PRS resource sets respectively. 
· FFS: Detailed definitions and configuration parameters.




We think it is important to understand the purpose of resource sets for SL PRS before agreeing on specifying them. For DL PRS, the PRS resource sets where specific to a given TRP, and it was agreed to use two resource sets per TRP. From the resource pool perspective, it is not clear what purpose would be served by a SL PRS resource set. For scheme 1, DCI based resource allocation relies on the SL PRS resource directly, and the resource set level is not used. In Scheme 2, a similar hierarchy (or lack thereof, actually) is used. It is therefore proposed to have a single level of hierarchy.  For SL CSI RS, similarly there is no resource set level. 

For the DL PRS assistance data, resource sets configure the periodicity, muting mechanism, and repetition framework for the resource set.  In sidelink, periodicity and repetitions is resource specific and relates to reservation/ time domain resource allocation. On the reporting side, resource sets may be omitted from the reporting if there is only one resource set. Thus, we do not see any issues not using resource sets to configure the SL PRS. 

[bookmark: _Toc131753059]For SL PRS, only SL PRS resources are used to configure the SL PRS in a resource pools, without SL PRS resource sets or SL PRS PFL. 



Sequence design  
The following agreement were captured during RAN1#112:

	
Agreement
SL PRS sequence is generated based on Gold sequence:

where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211.


Agreement 
· For SL PRS sequence generation, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter .
· The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS

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.

Agreement 
Range of the parameter  is:  




We have the following comments on the different options for the configuration of the SL PRS sequence initialization:
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. 
Option 5,6,7 are all based on a second stage SCI, and thus rely on the presence of PSSCH, which is not guaranteed at least for the dedicated pool. Additionally, these options share the same issue on privacy as Option 2.
Option 1 and 3 are both feasible from the privacy 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 default value provided in the resource configuration. 

[bookmark: _Toc131753060]For SL PRS sequence generation,  is a higher layer configured parameter
a. [bookmark: _Toc131753061]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: _Toc131753062]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: _Toc131753063]For resources in Scheme 2, the transmitting UE may receive a default SL PRS sequence initialization ID as part of the PRS resource configuration, or choose a specific sequence initialization provided by its own higher layers, if it is not provided by the network.  
 
  

Number of symbols in PRS resource and comb size for SL PRS  

During RAN1#112, the following issue were discussed regarding the SL PRS comb size and number of symbol:
	
	
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.




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. Such partially staggered patterns would allow very short PRS measurement occasions, providing space for the UE to measure or transmit multiple PRSs in a slot, which is critical for SL multi-RTT. 
In Table 1, we provide the range for different comb sizes and number of symbols.
[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: _Toc131686646]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. 

For relatively short ranges, the comb size can be kept large, and the use of partial staggered comb size enables short transmission time. Power boosting, from unused REs in the comb increases the hearability per symbol and in turns enables shorter transmission time. We have seen already in previous releases that short ranges such as the ones in indoor cases can be realized with 1-symbol transmissions and release 18 will support 1-symbol DL PRS based on the TEI18 agreement. Therefore, 1 symbol transmission should be considered for SL PRS.  For the largest number of transmitted symbols, DL-PRS supports up to 12 symbols, for comb 12 transmission. Such long transmission may not be needed for SL PRS, where distances between devices will not be as large as for, e.g., macro cells, therefore we propose to support partial staggering, where the comb size can exceed the number of symbols. 
[bookmark: _Toc131686647]Large comb sizes with partial staggering are compatible with the use cases for sidelink PRS.
 
During RAN1#112, comb-8 was additionally discussed. For the dedicated pool, comb-6 and comb-12 are already agreed. It is thus difficult to motivate an additional comb size.  The use of comb 6 was also left FFS for shared pool. In our view, large comb sizes are also beneficial in the shared pool, in order to take advantage of the unused REs for power boosting. 
[bookmark: _Toc127532780][bookmark: _Toc127532814][bookmark: _Toc127532846][bookmark: _Toc127532878][bookmark: _Toc131753064]The existing comb sizes (e.g., 1,2,4,6,12) for DL PRS are supported for SL PRS.
[bookmark: _Toc127532782][bookmark: _Toc127532816][bookmark: _Toc127532848][bookmark: _Toc127532880][bookmark: _Toc127532783][bookmark: _Toc127532817][bookmark: _Toc127532849][bookmark: _Toc127532881][bookmark: _Toc131753065]Support partial staggering in SL-PRS with the following combinations (M,N) of M-symbols for comb N:
d. [bookmark: _Toc131753066]1 symbol SL PRS: {1,2}, {1,4}, {1,6}, {1,12},
e. [bookmark: _Toc131753067]2 symbols SL PRS: {2,2}, {2,4}, {2,6}, {2,12}, 
f. [bookmark: _Toc131753068]4 symbols SL PRS: {4,4}, {4,12}, 
g. [bookmark: _Toc131753069]6 symbols SL PRS: {6,6}
h. [bookmark: _Toc131753070]12 symbols SL PRS: {6,12}, {12,12},
Below we additionally propose new patterns for comb 6 and comb 12, to optimize the use of the SL PRS symbols transmitted.   

Patterns for SL-PRS  
During RAN1#112, the RE offset sequence for SL PRS was discussed with the following agreement and proposal:

	Agreement 
For RE-offset sequence for SL PRS, the RE-offset sequences specified for DL PRS are considered as a starting point.
· FFS: Exact RE-offset sequences 

[Medium] FL1 Proposal 2.3-6
· 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):
· is supported by design for all (M, N) SL PRS patterns
· is supported for all (M, N) SL PRS patterns with N > 4
· 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)
· is not supported.




Patterns for DL PRS have been constructed so that for a given comb size, each symbol provides increased range. For example, reception of the first symbol of comb 4 provides a range of Ts/4 (where Ts is the OFDM symbol duration), after 2 symbols, the pattern effectively becomes a comb 2, after 4 symbols comb 1.  In the table below, we summarize the effective comb of the DL PRS after different number of symbols.
Table 3 effective comb of DL PRS for a given comb-size and number of symbols. Shaded cells indicated supported combinations for DL PRS in Rel-17.
	Comb size / nrof symbols
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	4
	4
	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1

	6
	6
	3
	3
	3
	2
	1
	1
	1
	1
	1
	1
	1

	12
	12
	6
	6
	3
	3
	3
	3
	3
	3
	2
	2
	1

	
	
	
	
	
	
	
	
	
	
	
	
	



The patterns of DL PRS could be optimized to allow the number of symbols of SL PRS to be kept short while also keeping the effective comb size to a minimum. Comb-2 and comb-4 DL PRS are already optimized. In the table below, the patterns for DL have been shifted to optimize the effective comb size:

	Comb size  
	Current pattern for DL PRS
	Proposed pattern for SL PRS
	 Effective Comb size after a number of symbols for the new proposed pattern

	6
	[image: ]
	[image: ]
	· 1 symbol: 6 
· 2 symbols:3
· 3 symbols:3
· 4 symbols:2
· 6 symbols:1

	12
	[image: ]
	[image: ]
	· 1 symbol: 12 
· 2 symbols:6
· 3 symbols:3
· 4 symbols:3
· 8 symbols: 2
· 12 symbols: 1



[bookmark: _Toc131753071]For SL PRS patterns, reuse the SL PRS mapping equation, with the offset table updated as follow:
	
	Symbol number within the downlink PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1 2
	4
	1 2
	5
	0
	3
	1 2
	4
	1 2
	5

	12
	0
	6
	3
	9
	1 2
	7
	4
	10
	1 2
	8
	5
	11




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: _Toc131753072]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.

[image: Chart, bar chart
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Figure 1 PRS allocation with multiple SCIs in the SL PSCCH region
Based on the above discussion we propose:
[bookmark: _Toc131753073]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.
i. [bookmark: _Toc131753074]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
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. 
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: _Toc131753075]Configuration of comb based multiplexing in the shared pool is supported. 
j. [bookmark: _Toc131753076]The listening UE expect identical SCIs from each transmitting UE, in the same subchannel. 
k. [bookmark: _Toc131753077]SL PRS resource information is carried in higher layers, not in SCI
l. [bookmark: _Toc131753078]FFS: Impact on power control

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: _Toc131753079]The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
[image: Chart
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[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: _Toc131753080]In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
[bookmark: _Toc131753081]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: _Toc131753082]SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI 

TDM of multiple PRSs in the slot 
The following was agreed in 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




TDM based multiplexing in shared pool
Regarding the first FFS, on TDM-based multiplexing in shared resource pool. Similar to the previous discussion on comb based multiplexing in a shared pool (see 2.1.5.2), TDM-based multiplexing can be achieved with some considerations. To support legacy UEs to perform sensing, PSCCH will have to be sent in an SFN manner, with the involved UEs transmitting identical PSCCH symbols. The coordination of the PRS resources, located in the PSSCH region of the legacy slot along with guard and AGC settling symbols, would then be performed through higher layer messaging. Again, potential implications on power control due to the SFN operation would have to be investigated. 
[bookmark: _Toc131753083]Configuration of TDM-based multiplexing in the shared pool is supported. 
m. [bookmark: _Toc131753084]The listening UE expect identical SCIs from each transmitting UE, in the same subchannel. 
n. [bookmark: _Toc131753085]SL PRS resource information is carried in higher layers, not in SCI
o. [bookmark: _Toc131753086]FFS: Impact on power control


TDM based multiplexing in dedicated
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: _Toc131753087]For the case of SL PRS TDMed in a SL slot, each SL PRS is assigned a separate AGC symbol. 
[bookmark: _Toc131753088]Study further the location of PSCCH in the slot for multiple TDMed SL PRS


AGC training symbols in SL PRS slots for dedicated pools 
During RAN1#112 the following was brought up for discussion in the FR summary:
	[High] FL1 Proposal 2.3-5
· For a SL PRS resource at least in a dedicated resource pool, 
· The first symbol of SL PRS is repeated to realize an AGC symbol
· FFS: Exceptions, if any
· There is a gap symbol following the last symbol of SL PRS resource
· FFS: Exceptions, if any
· FFS: for SL PRS resource in a shared resource pool.



AGC symbols in SL for communication are created by of duplicating the first symbol of the transmission they precede (PSSCH+PSCCH or PSFCH). For SL PRS, we have proposed that the SL PRS and the PSCCH are not sharing the same symbol. Therefore, we propose to build the AGC training symbol for SL PRS reception by duplicating the SL PRS, without considering the PSCCH. The AGC symbol should be placed in the first symbol available prior to the SL PRS symbol it duplicates.

In the legacy SL slot format, PSCCH configured in symbol 1,2 or 3 in the sidelink slot.  The AGC symbol is placed in the first symbol (index 0) in the slot.  We proposed earlier that the PRS should not be multiplexed with PSSCH, and instead be configured in a separate symbol.  therefore, the AGC symbol may not always be the one directly preceeding the SL PRS (as illustrated in the solution in figure 4 and 5 above). 
[bookmark: _Toc131753089]The AGC symbol for SL PRS is placed in the first available symbol not occupied by PSCCH, before the SL PRS, and is a duplicate of the SL PRS first symbol. 

Guard symbols after SL PRS transmission 
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 agree on supporting 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: _Toc131753090]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 
A high-level agreement was reached during RAN1#112:
	
Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.




The following proposals were brought up by the FL summary:
	[High] FL1 Proposal 3.2-2
· At least for in-coverage scenarios and for unicast SL PRS, either DL pathloss or SL pathloss or both are considered for defining OLPC for SL PRS.
· FFS: OLPC for other cases.
[Medium] FL1 Proposal 3.2-3
· For a dedicated resource pool or a shared resource pool, if PSSCH (including PSSCH DMRS) are not present in a slot with SL PRS, then two further options are considered further for OLPC for SL PRS:
· Option 1: SL PRS as pathloss reference for OLPC
· Option 2: PSCCH DMRS as pathloss reference for OLPC.
[Medium] FL1 Proposal 3.2-4
· For a shared resource pool, SL PRS transmit power is same as that for PSSCH if/when PSSCH is transmitted in the same slot.




During the RAN1#112 discussion, the FL proposal was supported by most companies. There was also a comment that cast type could be removed from the proposal and discuss separately. In legacy sidelink, group cast is excluded from SL-based power control and only uses DL based power control, due to the overhead concern in terms of RSRP measurement feedback to the TX UE.  In sidelink positioning however, the concern may not be motivated, at least for the case where the transmitting UE is also the one collecting the measurements for the purpose of positioning.  We therefore propose to reword the proposal as follow:

[bookmark: _Toc131753091]Regarding power control:
p. [bookmark: _Toc131753092]For in-coverage scenarios DL pathloss is supported for defining OLPC for SL PRS for all cast types supported for positioning purpose.
q. [bookmark: _Toc131753093]For in-coverage and out of coverage scenarios SL pathloss, SL pathloss and DL path loss, SL pathloss or DL pathloss are the options supported for defining OLPC for SL PRS at least for SL unicast.
i. [bookmark: _Toc131753094]FFS: Group cast

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: _Toc131753095]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

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: _Toc131753096]For a shared resource pool, SL PRS transmit power is same as that for PSSCH if/when PSSCH is transmitted in the same slot.

Additionally, the following was proposed regarding power control for PSCCH in the dedicated pool:
	[Medium] FL1 Proposal 3.2-5
· 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).
· 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 may be needed between PSCCH and SL PRS).
· Other options are not precluded.




Regarding TPC for PSCCH associated with SL PRS in dedicated resource pool, we support a common power control for PSCCH and SL PRS. How to down select between Option A and B will depend on the agreed slot design and placement of the PSCCH region and should be further studied.

Conclusions
 In the previous sections we made the following observations: 
Observation 1	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 2	Large comb sizes with partial staggering are compatible with the use cases for sidelink PRS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For SL PRS, only SL PRS resources are used to configure the SL PRS in a resource pools, without SL PRS resource sets or SL PRS PFL.
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 may receive a default SL PRS sequence initialization ID as part of the PRS resource configuration, or choose a specific sequence initialization provided by its own higher layers, if it is not provided by the network.
Proposal 3	The existing comb sizes (e.g., 1,2,4,6,12) for DL PRS are supported for SL PRS.
Proposal 4	Support partial staggering in SL-PRS with the following combinations (M,N) of M-symbols for comb N:
a.	1 symbol SL PRS: {1,2}, {1,4}, {1,6}, {1,12},
b.	2 symbols SL PRS: {2,2}, {2,4}, {2,6}, {2,12},
c.	4 symbols SL PRS: {4,4}, {4,12},
d.	6 symbols SL PRS: {6,6}
e.	12 symbols SL PRS: {6,12}, {12,12},
Proposal 5	For SL PRS patterns, reuse the SL PRS mapping equation, with the offset table updated as follow:
Proposal 6	Doppler or tracking is handled with multiple SL PRS resource instances, i.e., do not specify repeating patterns for SL PRS resources.
Proposal 7	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 8	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 9	The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
Proposal 10	In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
Proposal 11	In a dedicated resource pool, the PSCCH configuration supports 1,2 or 3 symbols for PSCCH.
Proposal 12	SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI
Proposal 13	Configuration of TDM-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 14	For the case of SL PRS TDMed in a SL slot, each SL PRS is assigned a separate AGC symbol.
Proposal 15	Study further the location of PSCCH in the slot for multiple TDMed SL PRS
Proposal 16	The AGC symbol for SL PRS is placed in the first available symbol not occupied by PSCCH, before the SL PRS, and is a duplicate of the SL PRS first symbol.
Proposal 17	Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots
Proposal 18	Regarding power control:
a.	For in-coverage scenarios DL pathloss is supported for defining OLPC for SL PRS for all cast types supported for positioning purpose.
b.	For in-coverage and out of coverage scenarios SL pathloss, SL pathloss and DL path loss, SL pathloss or DL pathloss are the options supported for defining OLPC for SL PRS at least for SL unicast.
i.	FFS: Group cast
Proposal 19	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 20	For a shared resource pool, SL PRS transmit power is same as that for PSSCH if/when PSSCH is transmitted in the same slot.

[bookmark: _In-sequence_SDU_delivery]References
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