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In RAN1#112bis-e meeting, a lot of agreements were achieved related to SL positioning reference signal as follows [1].
	Agreement
For SL PRS sequence generation, no additional parameters other than the following input parameters are used: slot number, symbol number, and the parameter .

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

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

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
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.

Agreement
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
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
· 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

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.

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.

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

Agreement
For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.

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.



This contribution discusses sidelink positioning reference signal. Section 2 discusses sequence design of SL-PRS. Section 3 discusses pattern design of SL-PRS. Section 4 discusses slot structure of SL-PRS. Section 5 discusses power control for SL-PRS and associated PSCCH. Section 6 summarizes the proposals with conclusions.

Sequence design of SL-PRS
The following agreements were achieved in RAN1#112bis-e related to sequence design of SL-PRS [1]:
	Agreement
For SL PRS sequence generation, no additional parameters other than the following input parameters are used: slot number, symbol number, and the parameter .

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.




According to the agreement in RAN1#112, 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.
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 . In addition, the pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS.
The Gold sequence generator initialization function  of the SL-PRS can distinguish the SL-PRS from different UEs, and maintains the interference randomization and lower sequence correlation between the SL-PRS from different UEs. With regard to the values of the initialization function  for pseudo-random sequence  of SL-PRS, according to the above agreements, the existing initialization function  for the sequence of DL-PRS should be used as a starting point. 
In addition, DL-PRS sequence generation equation and initialization function are the extensions to the DL CSI-RS sequence generation equation and initialization function to facilitate the use of the same equation to generate both DL-PRS and DL CSI-RS, so as to achieve RE-level reuse between DL-PRS and DL CSI-RS and reduce the workload of standardization and the complexity of UE implementation. Therefore, SL-PRS sequence initialization function should also be an extension to the SL CSI-RS sequence initialization function for the same purpose. 
Let us look back the design of initialization function  of DL CSI-RS, DL-PRS and SL CSI-RS as follows [2]:
For DL CSI-RS, the pseudo-random sequence generator shall be initialized with:



- at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
For DL-PRS, the pseudo-random sequence generator shall be initialized with:

- where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, and  is the OFDM symbol within the slot to which the sequence is mapped.
For SL CSI-RS, the pseudo-random sequence generator shall be initialized with: 

- at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the CSI-RS according to  with  and  given by clause 7.3.2 in TS 38.212 [3].
Based on the above existing design of initialization function  of DL CSI-RS, DL-PRS and SL CSI-RS, for SL-PRS generator initialization function , it is reasonable to replace the parameter  with  in the above  equation of DL-PRS.
Therefore, for SL-PRS, the pseudo-random sequence generator shall be initialized with:

- where  is the slot number, the SL-PRS sequence ID , and  is the OFDM symbol within the slot to which the sequence is mapped. 
Regarding the SL-PRS sequence ID , it can be given by the higher-layer parameter (i.e., Option 1 in the above agreement), which just likes DL-PRS, or it can also be calculated from the CRC for the sidelink control information mapped to the PSCCH associated with the SL-PRS (i.e., Option 2 in the above agreement), which likes SL CSI-RS. In our view, Option 2 is applicable to the in-coverage and out-of-coverage scenarios and can work well in both of the two scenarios. However, Option 1 is more suitable for the in-coverage scenario, and cannot work well in the out-of-coverage scenario, because there will be a higher conflict probability of SL-PRS sequence IDs configured by SLPP or other sidelink higher layer signallings in out-of-coverage scenario due to the absence of central control nodes for the configuration of the SL-PRS sequence IDs. From this perspective, Option 2 will have better SL-PRS reception performance than Option 1 in the out-of-coverage scenario. Therefore, we prefer to Option 2, i.e.,  is based on 12 bits CRC of PSCCH associated with the SL-PRS transmission.
In addition, the detailed calculation method of  is given as follows:
  where the quantity  equals the decimal representation of 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 TS 38.212 [3].

Proposal 1: The pseudo-random sequence generator shall be initialized with:

- where  is the slot number, the SL-PRS sequence ID , and  is the OFDM symbol within the slot to which the sequence is mapped. 
[bookmark: _Hlk126431210]Proposal 2: SL-PRS sequence ID  is calculated from the CRC for the sidelink control information mapped to the PSCCH associated with the SL-PRS.
-  where the quantity  equals the decimal representation of 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 TS 38.212 [3].

Pattern design of SL-PRS
The following agreements were achieved in RAN1#112bis-e related to pattern design of SL-PRS [1]:
	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.

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.




With regards to the frequency and time domain pattern within a SL-PRS resource, there are three kinds of patterns as follows:
· Fully staggered SL-PRS pattern: M symbols of SL-PRS with comb-N with M=N and, at each symbol a different RE offset is used, N>1;
· Partially staggered SL-PRS pattern: M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used, N>1;
· Unstaggered SL-PRS patterns: M symbol(s) of SL-PRS with comb-N, at each symbol a same RE offset is used, N>1.
Note: N=1 corresponds to full RE mapping pattern.
In Rel-16, the full staggered pattern is supported for the design of DL-PRS and SRS-Pos, in order to enhance the hearability of positioning reference signal. For SL-PRS, its transmission distance is shorter than DL-PRS or SRS-Pos, so the partially staggered pattern should be used as SL-PRS frequency domain pattern, i.e., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used. The number of Comb-N is bigger than the number of symbols-M, so that more users can be can accommodated in one slot. In addition, the full staggered pattern can also be supported to improve the flexibility of SL-PRS configuration.
Comb-based multiplexing of SL-PRS from different UEs in a slot had been agreed to be supported at least for dedicated resource pools in RAN1#112. In our view, the comb-based multiplexing of SL-PRS from different UEs in a slot should not be supported for shared resource pools, in order to simplify the design of SL-PRS and associated PSCCH and ensure the backward compatibility with legacy Rel-16/Rel-17 UEs. In addition, for comb-based multiplexing of SL-PRS from different UEs, it had been agreed that supporting at least the case wherein a single (M, N) value is possible in RAN1#112. In our view, for comb-based multiplexing of SL-PRS from different UEs in a slot, it should be supported that using multiple (M, N) values for dedicated resource pools, in order to improve the flexibility of SL-PRS configuration.
Proposal 3: Comb-based multiplexing of SL-PRS from different UEs in a slot is not supported for shared resource pools.
Proposal 4: For comb-based multiplexing of SL-PRS from different UEs in a slot, support using multiple (M, N) values for dedicated resource pools.

Regarding the numbers of symbols of SL-PRS within a slot (i.e., M), the numbers of symbols of DL-PRS and SRS-Pos within a slot are defined as {2, 4, 6, 12} and {1, 2, 4, 8, 12} in Rel-16, respectively. We prefer to use the numbers of symbols of DL-PRS within a slot as the baseline, the symbol number 1 can be added to support the configuration of 1-symbol SL-PRS and the symbol number 12 can be removed from the candidate values as the transmission distance of SL-PRS is shorter than DL-PRS. On the other hand, several symbols should be reserved for the transmission of SCI. According to the above discussion, for SL-PRS in shared or dedicated resource pools, the candidate values of number of symbols of SL-PRS within a slot should be M={1, 2, 4, 6}. 
Proposal 5: For SL-PRS in shared or dedicated resource pools, symbol numbers of SL-PRS within a slot M={1, 2, 4, 6} should be supported. 

Regarding the candidate values of comb size of SL-PRS (i.e., N), the comb sizes of DL-PRS and SRS-Pos are defined as {2. 4, 6, 12} and {2, 4, 8} in Rel-16, respectively. It had been agreed that at least the values N = {2,4} are supported for SL-PRS in shared or dedicated resource pools, comb size 6 is supported at least in dedicated resource pool and comb size 1 is supported at least in shared resource pool in RAN1#112. We prefer to keep the same design on comb size in shared or dedicated resource pools, then for SL-PRS in shared resource pools, comb size 6 should be supported, and for SL-PRS in dedicated resource pools, comb size 1 should be supported. The comb size 8 can be removed from the candidate values as the comb size 6 had been supported. In addition, the comb size 12 can be removed from the candidate values as the transmission distance of SL-PRS is shorter than DL-PRS/SRS-Pos. According to the above discussion, for SL-PRS in shared or dedicated resource pools, comb sizes N={1, 2, 4, 6} should be supported. 
Proposal 6: For SL-PRS in shared resource pools, comb size 6 should be supported.
Proposal 7: For SL-PRS in dedicated resource pools, comb size 1 should be supported.
Proposal 8: For SL-PRS in shared or dedicated resource pools, comb sizes of 8, 12 are not supported.
Proposal 9: For SL-PRS in shared or dedicated resource pools, comb sizes N={1, 2, 4, 6} should be supported. 

In RAN1#112bis-e, it had been agreed that 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. And RAN1 can further study other values of (M, N) for fully staggered pattern and its applicability to shared resource pools.
In our view, for SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6, 6) should be also supported, in order to improve the flexibility of SL-PRS configuration in shared resource pool. There is no need to support other values of (M, N) for fully staggered pattern.
In addition, for SL-PRS in shared and dedicated resource pools, there is no need to support other SL-PRS patterns with partial staggering, except for (M, N)=(1, 2) and (2, 4), which will align with the legacy design of DL-PRS.
Proposal 10: For SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6, 6) should be supported.
Proposal 11: For SL-PRS in shared and dedicated resource pools, there is no need to support other SL-PRS patterns with partial staggering, except for (M, N)=(1, 2) and (2, 4).

Regarding the RE-Offset sequence within a SL-PRS resource, according to the agreement in RAN1#112, the RE-offset sequences specified for DL PRS are considered as a starting point. Hence, corresponding to M={1, 2, 4, 6} and N={1, 2, 4, 6}, RE-Offset sequence within a SL-PRS resource across the symbols should follow the Table 1 below. An example of the frequency and time domain pattern of SL-PRS resources (M=4 and N=4) can be found in Figure 1.
[bookmark: _Ref127461705]Table 1: The RE-Offset sequence within a SL-PRS resource.
	
	

	
	
	
	
	

	1
	0
	0, 0
	-
	-

	2
	0
	0, 1
	0, 1, 0, 1
	0, 1, 0, 1, 0, 1

	4
	-
	0, 2
	0, 2, 1, 3
	-

	6
	-
	-
	-
	0, 3, 1, 4, 2, 5




[image: ]
[bookmark: _Ref127461791]Figure 1: Frequency and time domain pattern of SL-PRS resources


Proposal 12: For SL-PRS in shared and dedicated resource pools, RE-Offset sequence within a SL-PRS resource across the symbols should follow the below table:
	
	

	
	
	
	
	

	1
	0
	0, 0
	-
	-

	2
	0
	0, 1
	0, 1, 0, 1
	0, 1, 0, 1, 0, 1

	4
	-
	0, 2
	0, 2, 1, 3
	-

	6
	-
	-
	-
	0, 3, 1, 4, 2, 5




It has been supported that the symbols of a SL-PRS resource within a slot are consecutive symbols, and there is an open issue in RAN1#110bis-e that whether consecutive and/or non-consecutive symbols should be supported for shared resource pool. In our view, even for shared resource pool, the symbols of a SL-PRS resource within a slot should also be consecutive symbols, in order to keep the unified design of SL-PRS resource pattern for both dedicated resource pool and shared resource pool.
Proposal 13: The symbols of a SL-PRS resource within a slot should be consecutive symbols for shared resource pool, in order to keep the unified design of SL-PRS resource pattern for both dedicated resource pool and shared resource pool.

Slot structure of SL-PRS
Dedicated resource pool
The following agreement was achieved in RAN1#109-e related to slot structure of SL-PRS [4]:
	Agreement
For a potential new SL PRS, study further the following
· Number of symbol(s) for AGC and/or Rx-Tx turnaround time
· Conditions under which AGC training and/or Rx-Tx turnaround time are needed



The following agreement was achieved in RAN1#112bis-e related to slot structure of SL-PRS [1]:
	 Agreement
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.

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

Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.

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

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




For the slot structure in dedicated resource pool, the method of multiplexing between PSCCH and SL-PRS resource should be discussed firstly. To reduce the influence of PSCCH on SL-PRS, PSCCH resource should be TDMed with SL-PRS resource. Since the TDM-based and comb-based multiplexing in a slot of SL-PRS from different UEs has been supported for a dedicated resource pool, the time-domain resource for PSCCH should be fixed in a slot based on (pre)configuration to decrease the complexity of blind detection. Besides, the number of PRBs for PSCCH should not be larger than the subchannel size and should be fixed based on (pre)configuration.
A UE can be provided a number of symbols in a dedicated resource pool, by sl-TimeResourcePSCCH-positioning, starting from a second symbol that is available for PSCCH transmission in a slot, and the number of PRBs in a dedicated resource pool, by sl-FreqResorucePSCCH-positioning, starting from the lowest PRB of each subchannel, for a PSCCH transmission with SCI as shown in following figure 2.
[image: ]
Figure 2: SL-PRS slot structure


Proposal 14: The method of multiplexing between associated PSCCH and SL-PRS should be TDM-based only in a dedicated resource pool. 
Proposal 15: In order to reduce the complexity of PSCCH blind detection:
· The time domain resource set of PSCCH should also be unique and fixed in the starting of a slot.
· The number of PRBs for PSCCH should not be larger than the subchannel size, starting from the lowest PRB of each subchannel.
For the GP symbol issues, whether SL-PRS can be transmitted in a slot without associated PSCCH should be discussed first:
· If SL-PRS and associated PSCCH are restricted to be in the same slot, which may lead to the half-duplex problems because multiple different PSCCHs occupy the same time domain resource set, the UEs only can transmit or receive SL-PRS in a single slot. Therefore, only one GP symbol is needed at the end of slot. 
· If SL-PRS can be transmitted in a slot without associated PSCCH, then the UEs can both transmit and receive SL-PRS during different symbols in a slot. In this case, each SL-PRS resource and PSCCH resource (may be for other UEs’ PSCCH transmission) will need a GP symbol at the end of themselves. As shown in following figure, if UE1 reserves a SL-PRS resource in slot N through the associated PSCCH in slot 0 to transmit the SL-PRS to UE2, but UE2 will also transmit SL-PRS to other UE in slot N. In this situation, each SL-PRS resource will need a GP symbol, and a GP symbol is also needed in the between PSCCH resource and SL-PRS resource.


Figure 3: SL-PRS slot structure when SL-PRS can be transmitted in a slot without associated PSCCH


Proposal 16: In a dedicated resource pool:
· If SL-PRS and associated PSCCH are restricted to be in the same slot, only one GP symbol is needed at the end of slot. 
· If SL-PRS can be transmitted in a slot without associated PSCCH, each SL-PRS resource will need a GP symbol, and a GP symbol is also needed in the between PSCCH resource and SL-PRS resource.


For the AGC symbol issues, the transmission power for PSCCH associated with SL-PRS should be discussed first:
· If associated PSCCH and SL-PRS have same Tx power, only PSCCH resource need to be immediately preceded by an AGC symbol. But a transient gap may still be needed due to PSD change if bandwidth of PSCCH and SL-PRS are different, which needs to be further studied.
· Otherwise, both PSCCH resource and each SL-PRS resource need to be immediately preceded by an AGC symbol. The transient gap needs to be further studied based on the power control design.

Proposal 17: In a dedicated resource pool:
· If associated PSCCH and SL-PRS have same Tx power, only PSCCH resource need to be immediately preceded by an AGC symbol. 
· Otherwise, both PSCCH resource and each SL-PRS resource need to be immediately preceded by an AGC symbol. 
· The transient gap between PSCCH and SL-PRS needs to be further studied based on the power control design.

Whether FDM-based multiplexing of SL-PRS from different UEs in a slot should be supported for a dedicated resource pool, it is based on the SL-PRS bandwidth design. When multiple allowed SL-PRS bandwidth values can be (pre-)configured on a per resource pool basis, then FDM-based multiplexing of SL-PRS from different UEs should be supported. Anyway, there will always be remaining frequency-domain resources left, which can be used for the SL-PRS transmission of other UEs. Supporting the FDM-based multiplexing can improve the efficiency of resource allocation. Otherwise, there no need to support it.

Proposal 18: When multiple allowed SL-PRS bandwidth values can be (pre-)configured on a per resource pool basis, the FDM-based multiplexing of SL-PRS from different UEs in a slot should be supported.

In the SL-PRS resources part, each SL-PRS resource is used for one UE to send a SL-PRS transimission, the whole structure may be more flexible than the structures shown in Figure 4. The structure of SL-PRS resource is more like a PSFCH, because of the sequence-based characteristic, the first symbol is a duplication of the second symbol which also can be used for AGC handling. In fact, no matter which symbol the first symbol duplicates, whether the first symbol can be used for estimating Doppler frequency offset additionally, which should be left to UE implementation.

[bookmark: _Ref110870913]
[bookmark: _Ref115102393]Figure 4: Multiple SL-PRS resources in single slot

Proposal 19: For a SL-PRS transmission, when the first symbol is used for AGC handling, the duplication mechanism of first symbol is left to UE implementation. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the SL-PRS resource and associated PSCCH are restricted in the same slot in time domain, which may lead to the half-duplex problems because multiple different PSCCHs occupy the same time domain resource set, the UEs only can transmit or receive SL-PRS in a single slot, so the latency will be increased. The standalone PSCCH and cross-slot scheduling for SL-PRS can solve this problem, if cross-slot scheduling is supported, the UEs can operate the TX/RX turnaround of SL-PRS in the same slot as shown in Figure 5. UE3 can receive the SL-PRS scheduled by UE2 in slot 0, and also can transmit its own SL-PRS in slot N.


[bookmark: _Ref126748075]Figure 5: Cross-slot scheduling for SL-PRS
Proposal 20: For dedicated resource pool, the UE can transmit the SL-PRS in the same or different slot as the associated PSCCH.

It has been agreed that 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. Besides the Characteristics associated with a SL-PRS resource which have been listed, the periodicity value and SL-PRS time domain behavior indication should also be considered. The SL-PRS time domain behavior indication is used to distinguish the SL-PRS time domain behaviour is periodic or semi-persistent, when the periodic SL-PRS and semi-persistent SL-PRS need to be differentiated.
Proposal 21: Characteristics associated with a SL-PRS resource should also include periodicity value and SL-PRS time domain behavior indication (if needed)
Shared resource pool

The following agreement was achieved in RAN1#112bis-e related to slot structure of SL-PRS [1]:
	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



For the shared resource pool, the backward compatibility should be ensured. The slot structure design of SL-PRS will not have any influence on the resource allocation of legacy UE(s), so the SL-PRS should be mapped on the resources of PSSCH. Besides, the details of mapping rule for SL-PRS should be discussed further, such as the time-domain location, the pattern design, frequency-domain location and bandwidth. 


[bookmark: _Ref131351857]Figure 6: Slot structure of SL-PRS in shared resource pool
To minimize the impact on resource allocation of legacy UE(s) in the shared resource pool, the PSCCH design for Rel-18 SL positioning UE(s) should keep the same with that of legacy UE(s), and SL-PRS cannot be interfered by other signals. For the time-domain resources location restriction, SL-PRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS, SCI REs and CSI REs, as shown in Figure 6. The pattern design of SL-PRS may follow the content in section 3. In terms of the frequency-domain resource location and bandwidth, SL-PRS should at least belong to the PSSCH in frequency domain considering the backward compatibility. If a larger bandwidth of SL-PRS than that of PSSCH is supported, this may introduce more issues for the physical layer structure.
For TBS determination in shared resource pool, the mapping rule between data and SL-PRS may lead to different calculation methods, so the overhead of SL-PRS should be considered. If SL-PRS and data can be comb-multiplexed in the same symbol in frequency domain, the resource utilization efficiency will be increased, but the positioning accuracy will be influenced. So it is better to support that SL-PRS is TDMed with PSSCH in symbol-level or slot-level.
The comb-based multiplexing of SL-PRS from different UEs in a slot should not be supported for shared resource pool. This kind of mechanism will need a new physical layer structure design in legacy resource pool, which will introduce more complexity and compatibility issues.
Proposal 22: Considering the backward compatibility of SL-PRS in shared resource pool:
· The impact on the resource allocation of legacy UE(s) should be minimized.
· The bandwidth of SL-PRS should be equal to that of associated PSSCH.
· SL-PRS should be TDMed with PSSCH in symbol-level or slot-level.
· The comb-based multiplexing of SL-PRS from different UEs in a slot should not be supported.

In a shared resource pool, a SL-PRS resource also refers to a time-frequency resource within a slot that is used for SL-PRS transmission as a dedicated resource pool in section 4.1. 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,
· SL-PRS periodicity value and SL-PRS time domain behavior indication (if needed)

Proposal 23: In a shared resource pool, a SL-PRS resource also refers to a time-frequency resource within a slot that is used for SL-PRS transmission. 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,
· SL-PRS periodicity value and SL-PRS time domain behavior indication (if needed)

[bookmark: OLE_LINK10][bookmark: OLE_LINK9]Power control for SL-PRS and associated PSCCH
In this section, the power control for SL-PRS and associated PSCCH will be discussed.
The following agreements were achieved in RAN1#112bis-e related to power control for SL-PRS [1]:
	Agreement
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.

Agreement
For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.


Power control for SL-PRS
According to the agreement in RAN1#112bis-e, 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, and the same principle as for PSSCH power control is applied for deciding which (i.e., SL, DL, or SL and DL) pathloss to use. Therefore, the open-loop power control mechanism of PSSCH in NR V2X in Rel-16 can be reused for SL-PRS, i.e., both downlink pathloss and sidelink pathloss should be considered as the compensated pathloss for the SL-PRS open-loop power control, as shown in Figure 7. There is no need to introduce the closed loop power control for SL-PRS. 

[image: ]
[bookmark: _Ref126486275]Figure 7: SL-PRS power control

According to the agreement in RAN1#112bis-e, 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
And RAN1 will further study the selection between Option 1 and Option 2, including (pre-)configuration.
In our view, in order to improve sidelink positioning accuracy, the bandwidth occupied by SL-PRS is generally larger, which can achieve higher RSRP measurement accuracy for sidelink pathloss estimation. Although UE can perform RSRP measurement on PSCCH DMRS for resource sensing, the occupied bandwidth of PSCCH DMRS is generally smaller than that of SL-PRS, then the RSRP measurement result of PSCCH DMRS may not be as accurate as that of SL-PRS. Therefore, we prefer to use SL-PRS as pathloss reference.
In addition, according the following descriptions in TS 38.213, the  used in the pathloss estimation for PSSCH power control is obtained from a PSSCH DM-RS, which is the reference signal in the data region, but not the reference signal in the control region. From this perspective, SL-PRS should also be used as pathloss reference, instead of PSCCH DMRS.
	TS 38.213 section 16.2.1 (Power control for PSSCH):
-	, where
-	 is obtained from a PSSCH transmit power per RE summed over the antenna ports of the UE, higher layer filtered across PSSCH transmission occasions using a filter configuration provided by sl-FilterCoefficient, and
-	 is a RSRP, as defined in [7, TS 38.215], that is reported to the UE from a UE receiving the PSCCH-PSSCH transmission and is obtained from a PSSCH DM-RS using a filter configuration provided by sl-FilterCoefficient



Proposal 24: For a dedicated SL-PRS resource pool, SL pathloss reference for OLPC for SL-PRS should be:
· Option 1: SL-PRS as pathloss reference

The transmission power of SL-PRS should be determined based on the minimum value between the power calculated according to DL pathloss and the power calculated according to SL pathloss for fractional pathloss compensation, and the transmission power of SL-PRS should be limited by UE maximum output power. If CBR measurement for SL-PRS was introduced, the UE maximum output power based on measured CBR also needs to be considered.
For the open-loop power control mechanism of PSSCH in NR V2X in Rel-16, a UE determines a power  for a PSSCH transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-PSSCH transmission occasion  on active SL BWP  of carrier  as [5]:
	 [dBm]
where
-	 is defined in [TS 38.101-1]
-	 is determined by a value of sl-MaxTxPower based on a priority level of the PSSCH transmission and a CBR range that includes a CBR measured in slot  [TS 38.214]; if sl-MaxTxPower is not provided, then ;
-  if dl-P0-PSSCH-PSCCH is provided
-	 [dBm]
-	else 
-	 [dBm]
-	if sl-P0-PSSCH-PSCCH is provided and if a SCI format scheduling the PSSCH transmission includes a cast type indicator field indicating unicast or is SCI format 2-C
-	 [dBm]
-	else
-	 [dBm]
Based on the above existing open-loop power control mechanism of PSSCH in NR V2X, it is reasonable to obtain the open-loop power control mechanism of SL-PRS as follows:
A UE determines a power  for a SL-PRS transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-SL-PRS transmission occasion  on active SL BWP  of carrier  as:
	 [dBm]
where
-	 is defined in [TS 38.101-1];
-	 is determined based on measured CBR of SL-PRS, the details are FFS;
-	if a new higher layer parameter dl-P0-SL-PRS -PSCCH is provided
-	 [dBm], 
where,  and  are the parameters of SL-PRS fractional power control according to DL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else 
-	 [dBm]
-	if a new higher layer parameter sl-P0-SL-PRS-PSCCH is provided and if a SCI format scheduling the SL-PRS transmission includes a cast type indicator field indicating unicast 
-	 [dBm]
where,  and  are the parameters of SL-PRS fractional power control according to SL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else
-	 [dBm]

Proposal 25: A UE determines a power  for a SL-PRS transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-SL-PRS transmission occasion  on active SL BWP  of carrier  as:
	 [dBm]
where
-	 is defined in [TS 38.101-1];
-	 is determined based on measured CBR of SL-PRS, the details are FFS;
-	if a new higher layer parameter dl-P0-SL-PRS -PSCCH is provided
-	 [dBm], 
where,  and  are the parameters of SL-PRS fractional power control according to DL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else 
-	 [dBm]
-	if a new higher layer parameter sl-P0-SL-PRS-PSCCH is provided and if a SCI format scheduling the SL-PRS transmission includes a cast type indicator field indicating unicast 
-	 [dBm]
where,  and  are the parameters of SL-PRS fractional power control according to SL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else
-	 [dBm]

Power control for associated PSCCH
For the open-loop power control mechanism of PSCCH in NR V2X in Rel-16, a UE determines a power  for a PSCCH transmission on a resource pool in PSCCH-PSSCH transmission occasion  as
 [dBm]
where
-	 is specified in clause 16.2.1
-	 is a number of resource blocks for the PSCCH transmission in PSCCH-PSSCH transmission occasion  
-	 is a number of resource blocks for PSCCH-PSSCH transmission occasion i 
Based on the above existing open-loop power control mechanism of PSCCH in NR V2X, it is reasonable to obtain the open-loop power control mechanism of PSCCH associated with SL-PRS transmission as follows:
A UE determines a power  for a PSCCH associated with the SL-PRS transmission on a resource pool in PSCCH-PSSCH transmission occasion  as
 [dBm]
where
-	 is described in section 5.1.
-	 is a number of resource blocks for the PSCCH transmission associated with SL-PRS transmission in PSCCH-SL-PRS transmission occasion  
-	 is a number of resource blocks for PSCCH-SL-PRS transmission occasion i. 
Proposal 26: A UE determines a power  for a PSCCH associated with the SL-PRS transmission on a resource pool in PSCCH-PSSCH transmission occasion  as
 [dBm]
where
-	 is described in section 5.1.
-	 is a number of resource blocks for the PSCCH transmission associated with SL-PRS transmission in PSCCH-SL-PRS transmission occasion .
-	 is a number of resource blocks for PSCCH-SL-PRS transmission occasion i.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss the design of SL positioning reference signal, and give the following proposals:
Proposal 1: The pseudo-random sequence generator shall be initialized with:
[bookmark: _GoBack]
- where  is the slot number, the SL-PRS sequence ID , and  is the OFDM symbol within the slot to which the sequence is mapped. 
Proposal 2: SL-PRS sequence ID  is calculated from the CRC for the sidelink control information mapped to the PSCCH associated with the SL-PRS.
-  where the quantity  equals the decimal representation of 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 TS 38.212 [3].
Proposal 3: Comb-based multiplexing of SL-PRS from different UEs in a slot is not supported for shared resource pools.
Proposal 4: For comb-based multiplexing of SL-PRS from different UEs in a slot, support using multiple (M, N) values for dedicated resource pools.
Proposal 5: For SL-PRS in shared or dedicated resource pools, symbol numbers of SL-PRS within a slot M={1, 2, 4, 6} should be supported. 
Proposal 6: For SL-PRS in shared resource pools, comb size 6 should be supported.
Proposal 7: For SL-PRS in dedicated resource pools, comb size 1 should be supported.
Proposal 8: For SL-PRS in shared or dedicated resource pools, comb sizes of 8, 12 are not supported.
Proposal 9: For SL-PRS in shared or dedicated resource pools, comb sizes N={1, 2, 4, 6} should be supported. 
Proposal 10: For SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6,6) should be supported.
Proposal 11: For SL-PRS in shared and dedicated resource pools, there is no need to support other SL-PRS patterns with partial staggering, except for (M, N)=(1,2) and (2,4).
Proposal 12: For SL-PRS in shared and dedicated resource pools, RE-Offset sequence within a SL-PRS resource across the symbols should follow the table below:
	
	

	
	
	
	
	

	1
	0
	0, 0
	-
	-

	2
	0
	0, 1
	0, 1, 0, 1
	0, 1, 0, 1, 0, 1

	4
	-
	0, 2
	0, 2, 1, 3
	-

	6
	-
	-
	-
	0, 3, 1, 4, 2, 5



Proposal 13: The symbols of a SL-PRS resource within a slot should be consecutive symbols for shared resource pool, in order to keep the unified design of SL-PRS resource pattern for both dedicated resource pool and shared resource pool.
Proposal 14: The method of multiplexing between associated PSCCH and SL-PRS should be TDM-based only in a dedicated resource pool. 
Proposal 15: In order to reduce the complexity of PSCCH blind detection:
· The time domain resource set of PSCCH should also be unique and fixed in the starting of a slot.
· The number of PRBs for PSCCH should not be larger than the subchannel size, starting from the lowest PRB of each subchannel.
Proposal 16: In a dedicated resource pool:
· If SL-PRS and associated PSCCH are restricted to be in the same slot, only one GP symbol is needed at the end of slot. 
· If SL-PRS can be transmitted in a slot without associated PSCCH, each SL-PRS resource will need a GP symbol, and a GP symbol is also needed in the between PSCCH resource and SL-PRS resource.
Proposal 17: In a dedicated resource pool:
· If associated PSCCH and SL-PRS have same Tx power, only PSCCH resource need to be immediately preceded by an AGC symbol. 
· Otherwise, both PSCCH resource and each SL-PRS resource need to be immediately preceded by an AGC symbol. 
· The transient gap between PSCCH and SL-PRS needs to be further studied based on the power control design.
Proposal 18: When multiple allowed SL-PRS bandwidth values can be (pre-)configured on a per resource pool basis, the FDM-based multiplexing of SL-PRS from different UEs in a slot should be supported.
Proposal 19: For a SL-PRS transmission, when the first symbol is used for AGC handling, the duplication mechanism of first symbol is left to UE implementation. 
Proposal 20: For dedicated resource pool, the UE can transmit the SL-PRS in the same or different slot as the associated PSCCH.
Proposal 21: Characteristics associated with a SL-PRS resource should also include periodicity value and SL-PRS time domain behavior indication (if needed)
Proposal 22: Considering the backward compatibility of SL-PRS in shared resource pool:
· The impact on the resource allocation of legacy UE(s) should be minimized.
· The bandwidth of SL-PRS should be equal to that of associated PSSCH.
· SL-PRS should be TDMed with PSSCH in symbol-level or slot-level.
· The comb-based multiplexing of SL-PRS from different UEs in a slot should not be supported
Proposal 23: In a shared resource pool, a SL-PRS resource also refers to a time-frequency resource within a slot that is used for SL-PRS transmission. 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,
· SL-PRS periodicity value and SL-PRS time domain behavior indication (if needed)
Proposal 24: For a dedicated SL-PRS resource pool, SL pathloss reference for OLPC for SL-PRS should be:
· Option 1: SL-PRS as pathloss reference
Proposal 25: A UE determines a power  for a SL-PRS transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-SL-PRS transmission occasion  on active SL BWP  of carrier  as:
	 [dBm]
where
-	 is defined in [TS 38.101-1];
-	 is determined based on measured CBR of SL-PRS, the details are FFS;
-	if a new higher layer parameter dl-P0-SL-PRS -PSCCH is provided
-	 [dBm], 
where,  and  are the parameters of SL-PRS fractional power control according to DL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else 
-	 [dBm]
-	if a new higher layer parameter sl-P0-SL-PRS-PSCCH is provided and if a SCI format scheduling the SL-PRS transmission includes a cast type indicator field indicating unicast 
-	 [dBm]
where,  and  are the parameters of SL-PRS fractional power control according to SL pathloss ,  is a number of resource blocks for PSCCH-SL-PRS transmission occasion  and  is a SCS configuration, the details are FFS;
-	else
-	 [dBm]
Proposal 26: A UE determines a power  for a PSCCH associated with the SL-PRS transmission on a resource pool in PSCCH-PSSCH transmission occasion  as
 [dBm]
where
-	 is described in section 5.1.
-	 is a number of resource blocks for the PSCCH transmission associated with SL-PRS transmission in PSCCH-SL-PRS transmission occasion .
-	 is a number of resource blocks for PSCCH-SL-PRS transmission occasion i.

References
[1] [bookmark: _Ref101452618][bookmark: _Ref108528885][bookmark: _Ref124775666]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #112bis-e.
[2] [bookmark: _Ref127517966][bookmark: _Ref117776396]TS 38.211, “NR; Physical channels and modulation (Release 17)”, V17.4.0 (2022-12).
[3] [bookmark: _Ref127518094]TS 38.212, “NR; Multiplexing and channel coding (Release 17)”, V17.5.0 (2023-03).
[4] [bookmark: _Ref113957754]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #109-e.
[5] [bookmark: _Ref126436131]TS 38.213, “NR; Physical layer procedures for control (Release 17)”, V17.5.0 (2023-03).

 18 / 18

oleObject1.bin

image2.wmf
ID

n


oleObject2.bin

image3.png
* .
One Subcarrier

SL-PRS
resource pool

—
One PRB
R

1% SL-PRS resource

2" SL-PRS resource

3" SL-PRS resource

4" SL-PRS resource

M=4 (Number of symbols)
N=4 (Comb size)

One Symbol




image4.png
Frequency

9 10 11 12 13

8

OFDM
Symbol

oo

Syd-1s

Syd-1s

Syd-1s

Syd-1s

Syd-1s

Syd-1s

Syd-1s

Syd-1s

PSCCH

<O O

SL-PRS resource #1




image5.emf
Slot 0 Slot N

...

PSCCH PSCCH

UE1 UE2

GP


Microsoft_Visio___111111.vsdx






Slot 0
Slot N
...

PSCCH

PSCCH


UE1
UE2




GP



image6.emf
subchannel

PSCCH1

PSCCH2

PSCCH3

Slot

SL-

PRS 

Resou

rce

1

SL-PRS 

Resource

2

SL-PRS

Resource 

3

SL-PRS resources SCI resources

F

T


Microsoft_Visio___1222222.vsdx
subchannel










PSCCH1
PSCCH2
PSCCH3
Slot
SL-PRS Resource
1
SL-PRS Resource
2
SL-PRS
Resource 
3
SL-PRS resources
SCI resources
F
T



image7.emf
Slot 0 Slot N

...

PSCCH PSCCH

UE1 UE2 UE3


Microsoft_Visio___3333333.vsdx








Slot 0
Slot N
...

PSCCH

PSCCH


UE1
UE2
UE3



image8.emf
PSCCH

D

M

R

S

D

M

R

S

PSSCH

SL-PRS


Microsoft_Visio___4444444.vsdx

PSCCH











DMR
S
DMR
S
PSSCH
SL-PRS





image9.png
«€—SL pathloss %
L-PRS————»
Target
UE

Anchor
UE




image1.wmf
l


