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1 Introduction:
In Rel 18 study phase, a study on expanded and improved NR positioning is concluded and a TR 38.859 has endorsed in RAN#98. Study was focussing on improving the accuracy of the positioning methods and extending the positioning to different verticals including sidelink to guarantee more accurate localization for many critical sidelink applications like V2X, IIoT public safety and commercial sidelink (D2D) in in-coverage, partial coverage, and out-of-coverage NR positioning use cases as emphasized in TR 38.845. 

The normative work has started in the RAN1 #112, and initial agreements were made, and it is continued in last two meetings. In the present contribution provides further details on the side-link positioning reference signal (SL-PRS) design, resource allocation and power control aspects based on agreements happened in RAN1#112-bis and RAN#113. 
2 SL-PRS Designing:

One of the main parts of the SL positioning and ranging support enhancement is introduction of new reference signal (RS) for positioning i.e., sidelink positioning RS (SL-PRS). In this regard, SL PRS design aspects such as resource, sequence design, comb-offset, number of symbols, SL PRS patterns, gap symbols, bandwidth, slot structure and multiplexing are being discussed. During RAN1 #113 meeting, the following agreements were made on SL-PRS design on top of the previous meeting agreements:

Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).

Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.

Agreement
For a dedicated resource pool, at least the case where SL PRS bandwidth is same as resource pool bandwidth is supported.

Agreement
For a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.

Agreement
For a shared resource pool
· A SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission.
· Characteristics associated with a SL PRS resource in a slot of a shared resource pool 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
· SL PRS freq domain allocation is not used to identify a unique SL PRS resource ID
· A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

Conclusion
For a dedicated or shared resource pool, at least the following characteristics are NOT included as part of characteristics of a SL PRS resource:
· Periodicity, number of instances/repetitions of SL PRS

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

Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.

Agreement
Multiple (M, N) pairs within a slot in a dedicated resource pool is supported only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M, N) value can be mapped within one TDM duration (i.e. one set of symbols).

Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.

Agreement
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.



2.1 SL PRS resource definition
Sequence design for SL-PRS the following sequence design and parameters are agreed in 38.211 p-CR but the highlighted part i.e.,  configuration is agreed as working assumption.

Background: 
	
The sequence  is defined by,

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

Where,
-	 is the slot number within the radio frame
-	 is the OFDM symbol within the slot to which the sequence is mapped
-	 is the sidelink PRS sequence ID, given by the higher-layer parameter XXX if configured, otherwise it equals the decimal representation of the CRC for the sidelink control information mapped to the PSCCH associated with the SL-PRS according to  with  and  given by clause 7.3.2 in [4, TS 38.212].




Agreed working assumption is as follows,


Working assumption
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2.
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· FFS: If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS

[bookmark: _Hlk142379359]
It is agreed to use [image: ][image: ] provided by higher layer or use 12 LSB bits CRC of PSCCH associated with the SL PRS. Further, it is also discussed that if SL-PRS is used for resource sensing purpose in mode 2 type of resource configuration, then [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL-PRS is beneficial to use. As an example, if a UE has configured SL-PRS to some other UE and indicating the configuration using the PSCCH then Rx UEs who are looking for the resources for its own transmission using mode 2 type of resource allocation should be able to exclude such resources. Therefore, it is important to use SL-PRS for resource sensing in some cases. To enable sensing using SL-PRS, it is important to know the parameter [image: ][image: ]. But it might happen that higher layer may not configure this parameter during the sensing to the Rx UE. Moreover, even if this parameter is configured by Tx UE to intended Rx UE, non-intended Rx UE may not be configured with this higher layer parameter. Therefore, if SL PRS is used to configure the sensing purpose it is desirable to use the parameter [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS even if higher layer parameter is configured. Therefore, from the last working assumption FFS part must be agreed.


Proposal 1: Agree the working assumption on the parameter  [image: ][image: ] for SL PRS sequence generation including FFS part as below.
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2.
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS

Further the following is agreed in RAN1#112bis-e regarding the SL PRS resource characteristics.
	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




With regards to this, the RAN1 #113 meeting, some more parameters are discussed to characterise the SL-PRS. These parameters are SL-PRS sequence ID, periodicity, and number of instance/repetitions. 
In some implementation, it might happen that the multiple transmitting UEs will use/configure the same SL-PRS resource ID which will create conflict. In a shared RP, SL-PRS configuration can provided in 2nd stage SCI with indication in first stage SCI (refer to our companion contribution in resource allocation [5, R1-2308007]). Therefore, to receive SL-PRS by receiving UE (say UE-2) from transmitting UE (say UE1) must decode 2nd stage SCI which will include source ID therefore time frequency resource along with source ID will resolve any conflicts. In case of dedicated resource pool first stage SCI itself will have source ID. Therefore, there is no need to characterise SL-PRS with sequence ID.  
However, periodicity may be necessary to characterise the SL PRS resource. This is necessary because of SL-PRS may be configured to repeat periodically. If we do not associate SL-PRS resource with periodicity, then for every periodic repetition same SL-PRS resource may be identified with different SL-PRS resource ID for the same time frequency resource which is an unnecessary signalling per slot. Therefore, it is beneficial to associate SL-PRS with periodicity.

Proposal 2: For a dedicated or shared resource pool, SL PRS sequence ID can be excluded from characteristics of a SL PRS resource.

Proposal 3: For a dedicated or shared resource pool, periodicity of SLPRS resource will be used to characterise the SLPRS resource.


2.2 Mapping SL PRS to physical resources
2.2.1  Comb sizes and offsets for SL PRS

	Agreement
With regards to the frequency and time   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




The following were agreed during RAN1 #112 meeting:
	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 

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.



The following were agreed during RAN1 #112bis-e meeting:
	Agreement
(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.

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

Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).

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.



Comb sizes:

For dedicated resource, the comb size 2,4, and 6 are supported for SL PRS so far. In the last meeting further comb size viz. 1,8 and 12 are discussed. In sidelink scenarios e.g., V2X or IIoT use cases, there can be a case where distance between two UEs is short, but channel is changing faster due to Doppler. In this case with high speed V2X UE the effect of Doppler fading is high. In such cases, lower comb SL-PRS is useful (e.g., Comb1, Comb2). In the contrary, the comb size can be kept large, to perform Power boosting which will increase the hearability of PRS symbol by improving link budge (as per RE power will increase). By considering Doppler fading and hearability, we can consider that Comb 1 and comb 6 should be supported for SL PRS in at least for dedicated resource pool. For dedicated pool comb 6 is already supported so comb 1 need to be added additionally. In the last meeting comb 8 is also proposed for dedicated resource pool we are okay with this but should be restricted for only partial staggered pattern as even though full stagger pattern is possible may not give more gain over comb 6. For SL PRS in dedicated resource pools full staggering with N = 12 may not be possible because we may multiplex SL PRS with other channels PSSCH, PSCCH and PSFCH in a slot. So, it is not necessary to support comb 12.

Observation 1: For SL PRS in dedicated resource pools full staggering with N = 12 may not be possible because as SL PRS may be multiplexed with other channels like PSSCH, PSCCH and PSFCH in a slot. Further may not provide much gain compared to comb 6 or comb 8.

Proposal 4: For SL PRS in a dedicated resource pool, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the comb size N = 1,8 is supported.
· Does not support N = 12








2.2.2 Time domain characteristics of SL PRS
SL positioning and ranging will be employed for diverse use cases with very different requirements. Hence different number of symbols (M) of SL-PRS and different comb sizes (Comb-N) of SL PRS should be supported and be flexibly configured and used to adapt to different scenarios. With fully staggered SL-PRS pattern, the number of symbols (M) of SL-PRS can be 1, 2, 3, 4, 5, 6, 7, 8, 9. The rest issue is to define the largest configurable M, for dedicated resource pool, except 1or 2 or 3 symbols for PSCCH, one AGC symbol in the first symbol of a slot, one AGC proceeding and one gap symbol after a SL PRS resource, one SL PRS resource at most occupies 8 or 9 symbols. On the other hand, for shared resource pool, the largest M depends on the DMRS pattern of PSSCH. According to Table 8.4.1.1.2-1 in TS 38.211, minimum duration of the scheduled resources for transmission of PSSCH is 6 symbols. Therefore, one SL-PRS resource can at most occupy 6 symbols in a slot for shared resource pool if PSSCH is multiplexed. But from the configuration point of view number of possible symbols across dedicated and shared resource pool can be kept uniform/same. It can be maximum 9 symbols.
 
Proposal 5: For SL-PRS in a dedicated and shared resource pool the number of SL-PRS symbols (M) that supported are {1,2, 3, …,9}.

Further multiplexing of SL-PRS and PSSCH in shared resource pool is discussed in the last meeting. Two options are discussed, both SL PRS and PSSCH are transmitted in the same slot and SL-PRS can be transmitted in consecutive symbols or non-consecutive symbols in a slot. We preferred to use consecutive symbols to avoid power imbalance between SL-PRS and PSSCH overlapping in the same slot. Further it will reduce the expected SNR/SINR at Rx UE due to power sharing between SL-PRS and PSSCH. 

Proposal 6: For SL PRS in a shared resource pool, for the case when both SL PRS and PSSCH are transmitted in the same slot, SL PRS can be mapped to and transmitted in only consecutive symbols in a slot. Contiguous SL PRS symbol either before, between, or after PSSCH DMRS

2.2.3  AGC and gap symbols
Regarding the AGC symbol and gap symbols following agreements are drawn,

Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).

Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.
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Description automatically generated with medium confidence]Though it is agreed that the AGC symbol will be immediately preceded by every SL-PRS resource in some case it is not necessary. For example, in case of one SL-PRS is configured in TDM manner i.e., it is possible to have multiple SL-PRS in comb-based multiplexing but not in TDMed manner then one AGC symbol at the beginning of the slot is sufficient. In this case, 2nd symbol will be repeated as AGC symbol which will be PSCCH symbol as shown in figure 1. 
Figure 1: Case with only one SL-PRS resource configured with associated PSCCH. In this case, one AGC is sufficient at the beginning of the symbol.

In another case, if multiple SL-PRS are configured in TDM manner (for different UEs), then every SL-PRS resource is immediately preceded by an AGC symbol except the first SL-PRS resource where previous method is applicable. In this case, the first symbol of SL-PRS is repeated to realize an AGC symbol for all SL-PRS except first SL-PRS as shown in figure 2.
[image: A diagram of a group of multicolored rectangular objects

Description automatically generated with medium confidence]Figure 2: If multiple SL-PRS are configured in TDM manner, then every SL PRS resource is immediately preceded by an AGC symbol except the first SL-PRS resource if SP-PRS is associated UE transmitting PSCCH. 

Proposal 7: In a dedicated resource pool, with respect to AGC symbol,
· If only one SL PRS is configured in TDM manner then, the first symbol of the slot will be used as AGC symbol.
· If multiple SL-PRS are configured in TDM manner, then every SL PRS resource is immediately preceded by an AGC symbol except the first SL PRS resource.

Proposal 8: In dedicated resource pool, when an AGC symbol is transmitted immediately preceding a PSCCH, follow the legacy method to generate AGC symbol.

Proposal 9: When an AGC symbol is transmitted immediately preceding a SL PRS resource, The first symbol of SL PRS is repeated to realize an AGC symbol.



3 Transmit power control for SL PRS
Another open issue is on the transmit power control of SL PRS. It is agreed to used open loop power control (OLPC) for SL-PRS, but it is still not decided on the pathloss reference to be used and TPC for PSCCH associated with SL PRS. When it comes to the design to SL pathloss reference, there are two options for either a dedicated resource pool or a shared resource pool: (1) use SL PRS as pathloss reference; (2) use PSCCH DMRS as pathloss reference. In our view both can be used and sufficient for the purpose, based on the discussion in the last meeting we are fine to compromise with only SL PRS be used for the purpose in case of shared resource pool. For dedicated resource pool we can go with legacy approach and support PSCCH DMRS as pathloss reference. 

Proposal 10: For a dedicated SL PRS resource pool, SL PRS is used as the pathloss reference for OLPC for SL PRS.

Proposal 11: For a shared SL PRS resource pool, PSCCH DMRS is used as the pathloss reference for OLPC for SL PRS.

Further, the discussion took place on TPC for PSCCH associated with SL PRS and multiple options are brought in. This discussion was basically depending on the decision from other agenda item (9.5.1.3) which is cleared with agreement that PSCCH, PSSCH and SL PRS will be multiplexed in TDM manner if configured. So, it will be sufficient to assume same power across PSCCH and SL PRS, so we support option A from 3 options discussed in [3].

Proposal 12: 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 

4 Conclusion: 

In this contribution, we have made the following observations and proposals related to the design of SL-PRS for SL positioning:

Proposal 1: Agree the working assumption on the parameter  [image: ][image: ] for SL PRS sequence generation including FFS part as below.
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2.
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS

Proposal 2: For a dedicated or shared resource pool, SL PRS sequence ID can be excluded from characteristics of a SL PRS resource.

Proposal 3: For a dedicated or shared resource pool, periodicity of SLPRS resource will be used to characterise the SLPRS resource.

Observation 1: For SL PRS in dedicated resource pools full staggering with N = 12 may not be possible because as SL PRS may be multiplexed with other channels like PSSCH, PSCCH and PSFCH in a slot. Further may not provide much gain compared to comb 6 or comb 8.

Proposal 4: For SL PRS in a dedicated resource pool, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the comb size N = 1,8 is supported.
· Does not support N = 12
Proposal 5: For SL-PRS in a dedicated and shared resource pool the number of SL-PRS symbols (M) that supported are {1,2, 3, …,9}.

Proposal 6: For SL PRS in a shared resource pool, for the case when both SL PRS and PSSCH are transmitted in the same slot, SL PRS can be mapped to and transmitted in only consecutive symbols in a slot. Contiguous SL PRS symbol either before, between, or after PSSCH DMRS
Proposal 7: In a dedicated resource pool, with respect to AGC symbol,
· If only one SL PRS is configured in TDM manner then, the first symbol of the slot will be used as AGC symbol.
· If multiple SL-PRS are configured in TDM manner, then every SL PRS resource is immediately preceded by an AGC symbol except the first SL PRS resource.

Proposal 8: In dedicated resource pool, when an AGC symbol is transmitted immediately preceding a PSCCH, follow the legacy method to generate AGC symbol.

Proposal 9: When an AGC symbol is transmitted immediately preceding a SL PRS resource, The first symbol of SL PRS is repeated to realize an AGC symbol.

Proposal 10: For a dedicated SL PRS resource pool, SL PRS is used as the pathloss reference for OLPC for SL PRS.

Proposal 11: For a shared SL PRS resource pool, PSCCH DMRS is used as the pathloss reference for OLPC for SL PRS.

Proposal 12: 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 
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