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1. Introduction
The following agreements on SL positioning reference signal were made in RAN1#113 meeting.
	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).

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

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.



In this contribution, we discuss the solutions for SL PRS design, the structure of SL positioning slot, and SL PRS transmission power control.
2. SL PRS
	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


In RAN1#113 meeting, the above working assumption was made on SL PRS sequence ID generation. There was FFS whether PSCCH CRC is used for SL PRS sequence ID generation even when SL PRS sequence ID is provided by a higher layer, if SL PRS is used for sensing in scheme 2.
Regarding the issue above, first of all we don’t think that FFS is necessary since the network can configure for UE not to use SL PRS for sensing when a higher layer provide SL PRS sequence ID to UE. Second, using SL PRS for sensing has such restriction on the provision of SL PRS sequence ID by a higher layer, we think that SL PRS should not be used for sensing in SL positioning. In legacy SL communication, it was sufficient to use PSCCH DMRS for sensing. So we propose only PSCCH DMRS is used for sensing in a dedicated resource pool. In a shared resource pool, following the legacy rule, either PSCCH DMRS or PSSCH DMRS can be used for sensing based on configuration.
Proposal 1: For a dedicated resource pool, only PSCCH DMRS is used for sensing.
Another issue is whether the above working assumption can also be applicable for groupcast and broadcast type of SL PRS transmission. For unicast, the reason for adopting the higher layer provision of SL PRS sequence ID was the security issue. But it’s not clear whether or not there is no security issue if SL PRS sequence ID provided by a higher layer is transmitted in groupcast or broadcast mode. We therefore suggest to confirm the working assumption at least for unicast. We can discuss further SL PRS sequence ID generation for groupcast and broadcast mode.
Proposal 2: confirm the WA, at least for unicast, on SL PRS sequence ID generation without FFS point. FFS SL PRS sequence ID generation for broadcast and groupcast mode of SL PRS transmission.
	Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.

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).


The agreement was made in RAN1#113 meeting so that only a single (M,N) value is mapped within one TDM duration when TDM of SL PRS from different UEs is allowed within a slot in a dedicated resource pool. From the resource selection based on sensing perspective, it is required that all the UEs using the same dedicated resource pool should have a common understanding on the TDM configuration within a slot. Otherwise, UE cannot decide which type of SL PRS having what comb pattern (M,N) should be used for sensing. In this regard, TDM configuration needs to be (pre-)configured in a dedicated resource pool. Please note that the configured comb pattern does not always fill all the symbol within TDM duration. The detailed issue is discussed in Proposal 5.
Proposal 3: For a dedicated resource pool, SL PRS TDM configuration within a slot is (pre-)configured. TDM configuration is composed of the following fields.
· TDM index
· Starting symbol index of TDM duration
· Number of symbols in TDM duration
· Comb pattern used in TDM duration
· Number of SL PRS resource symbols (M)
· Comb size (N)

	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 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


It was agreed that SL PRS resource is uniquely identified within a slot by SL PRS resource ID (in combination with SL PRS frequency domain allocation in case of a shared resource pool). The remaining issue is how to determine the SL PRS resource ID. 
There is very general approach to define SL PRS resource ID based on the starting symbol index and comb RE offset of SL PRS resource. There are possible candidate symbols that can be the starting symbol of SL PRS resource in a slot. The candidate starting symbol index can be combined with the number of symbols of SL PRS resource. Finally, the possible candidate RE offsets based on the possible comb sizes can be taken into account for determining SL PRS resource ID. Though this approach is general, but it requires quite large amount of signaling overhead because the number of possible candidate combinations of the starting symbol index, the number of symbols and RE offset is too large. For combination of the starting symbol and the number of symbols of SL PRS resource, the number of cases are 12(12+1)/2=78. As the agreed max. comb size=6, the number of possible combinations is 78*6=468, which requires 9 bits.
Instead, we can efficiently reduce the signaling overhead of SL PRS resource ID. Considering the current agreement on comb patterns (M,N) and accompanying AGC and Gap symbol, the max. number of TDM durations within a slot is 3. For example, 1-symbol SL PRS resource only require one SL PRS resource ID. 2-symbol resource SL PRS requires max. 6 SL PRS resource ID because the agreed max. comb size is 6. To maximize the number of TDM durations within a slot, the number of symbols of SL PRS resource needs to be minimized, which is 2 symbols. If 2-symbol SL PRS resources are multiplexed within a slot, the required number of symbols are 4+4=8 symbols (considering AGC and Gap symbol). If we consider 1-symbol PSCCH that also requires AGC and Gap symbol, there are max 11 symbols left for SL PRS transmission. Therefore, the remaining 3 symbols can be used for 1-symbol SL PRS resource. In this ‘worst’ case, the number of possible SL PRS resources within a slot is 6+6+1=13 if the agreed max. comb size 6 is used. It significantly reduces the number of bits (4 bits), compared to the previous general approach (9 bits).
333As we proposed, if TDM configuration is (pre-)configured in a resource pool, every UE knows the start and length of each TDM duration. In this case, SL PRS resource ID can be determined based on TDM index and comb size allowed in each TDM index. As agreed in previous meeting, only one comb size is mapped to each TDM duration, but each comb size can be different for different TDM duration. Considering this, we first index SL PRS resources based on RE offset in the first TDM duration, then we can index SL PRS resources in the second TDM duration, and so on. Summarizing the rule described above, SL PRS resource ID corresponding to RE offset=j within TDM duration of index=i can be determined by the following equation.

where, comb size(k) equals the comb size used in TDM duration of index=k, and comb size(-1)=0.
In a shared resource pool, there is no TDM is allowed, which equivalently means that there is only one TDM duration. As a consequence, SL PRS resource ID in a shared resource pool is determined only based on the comb RE offset of SL PRS resource, That is, only i=0 exists for TDM index in the equation above.
Proposal 4: For a dedicated resource pool, SL PRS resource ID is determined based on TDM index and RE offset within a slot, as follws.

Where SL PRS resource ID(i,j) = ID of SL PRS resource of RE offset=j within TDM duration of index=i, comb size(k) = comb size configured in TDM duration of index=k, and com size(-1)=0
Depending on the comb pattern and TDM duration (pre-)configured in a dedicated resource pool, there are cases where the configured comb pattern does not fill all the symbols available within TDM duration. For example, if 3-symbol PSCCH and TDM-based multiplexing of two SL PRS resources of comb pattern (M,N)=(2,2) are (pre-)configured in a resource pool, the total number of symbols used for transmission of PSCCH and two comb patterns is 5+4+4=13 symbols. Considering the number of symbols in a slot is 14 in normal CP mode, 1 symbol is left to be unused in one TDM duration. We need to handle this case to avoid the waste of channel capacity due to the remaining symbols.
As a possible solution, the remaining symbols can be used for SL PRS transmission in addition to the (pre-)configured comb patterns. For example, a certain TDM duration can include the remaining symbols for additional SL PRS transmission. If a fully staggered comb pattern is (pre-)configured in the TDM duration, the remaining symbols can be used for repetition of the fully-staggered comb pattern. If a partially staggered comb pattern is (pre-)configured in the TDM duration, the remaining symbols can be used for either expansion of the partially staggered comb pattern toward a fully staggered pattern, or the repetition of the partially staggered comb pattern.
Proposal 5: At least for a dedicated resource pool, if some symbols are left after mapping of SL PRS resources based on the (pre-)configured comb pattern within a TDM duration, the remaining symbols can be used for additional transmission of SL PRS resources. The following options are candidate for the additional transmission within the TDM duration.
· Opt 1. Repetition of a comb pattern
· Opt 2. Expansion of a partially staggered comb pattern toward a fully staggered one
3. SL PRS slot structure
	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.


There were discussions on the condition where AGC and Tx/Rx switching gap symbol is inserted before and after SL PRS resource. When TDM-based multiplexing of SL PRS resources transmitted by different UEs within a slot is (pre-)configured in a resource pool, AGC and gap symbol are necessary for receiving UE operation. With the same reason, gap symbol is also necessary between PSCCH and the first TDM duration in a slot, because from a TX UE perspective, a UE transmitting SL PRS in the first TDM duration can be different from the TX UE. Therefore, gap symbol needs to be inserted after the end of PSCCH and before AGC symbol of the first TDM duration.
Proposal 6: For a dedicated resource pool, if TDM of SL PRS resources within a slot is (pre-)configured, Tx/Rx switching gap symbol is inserted after the end of PSCCH.
On the other hand, if only comb-based multiplexing of SL PRS resources within a slot is (pre-)configured in a dedicated resource pool, there is no Tx/Rx switching operation between PSCCH and SL PRS resource. Therefore, neither AGC nor gap symbol is inserted between PSCCH and SL PRS resource.
Proposal 7: For a dedicated resource pool, if only comb-based multiplexing of SL PRS resources within a slot is (pre-)configured, no AGC symbol is inserted before SL PRS resource.
Proposal 8: For a dedicated resource pool, if only comb-based multiplexing of SL PRS resources within a slot is (pre-)configured, no Tx/Rx switching gap symbol is inserted after the end of PSCCH.
With the same reasoning as above, if neither TDM nor comb-based multiplexing is (pre-)configured in a dedicated resource pool, there is no need to insert gap or AGC symbol between PSCCH and SL PRS resource.
Proposal 9: For a dedicated resource pool, if no multiplexing of SL PRS resource within a slot is (pre-)configured, no AGC symbol is inserted before SL PRS resource.
Proposal 10: For a dedicated resource pool, if no multiplexing of SL PRS resource within a slot is (pre-)configured, no Tx/Rx switching gap symbol is inserted after the end of PSCCH.
One issue discussed in SI phase is how to fill the AGC symbol before every SL PRS resource. In SL communication, the very first symbol of PSCCH is copied as AGC symbol. In SL positioning, a smarter way of constructing AGC symbol may help to improve the SL positioning performance.
First, if an advance UE has an RF module that enables AGC time less than one symbol duration, some part of AGC symbol can be used for SL positioning as SL PRS function. Second, in the situation above, a copy of one of the SL PRS symbol is helpful for phase tracking, especially when there is no repetition of SL PRS within a slot.
To meet both goals above, we can think of two possibilities. In a first way, the copy of the last symbol of SL PRS can be used for AGC symbol. Definitely it repeats the comb pattern of the last SL PRS symbol, which should be helpful for phase tracking purpose. In a second way, the ‘cyclically-rotated’ comb pattern can be used for AGC symbol. For example, if a comb size=4 and a partially-staggered SL PRS with 2 symbols is used, the RE offsets of the symbols in order are {0, 2}. The RE offsets of a fully-staggered pattern would be {0, 2, 1, 3}. In this case, AGC symbol is made up of the last RE offset pattern (RE offset=3) of the fully-staggered pattern, so that the transmitted signal can be part of the ‘cyclic extension’ of the fully-staggered SL PRS – the red part of the RE offsets {0, 2, 1, 3, 0, 2, 1, 3}. The example of AGC symbol is shown in Figure 2.
[image: ]
[bookmark: _Ref127531977]Figure 2. AGC symbol as a cyclic extension of comb pattern
Proposal 11: AGC symbol is filled with:
· Opt 1. the copy of the last SL PRS symbol
· Opt 2. the last symbol of the fully-staggered comb pattern corresponding the comb size
There were discussions in RAN1#112 meeting on whether there are any restrictions of the SL PRS configuration when TDM of SL PRS resources is allowed in a resource pool. We can discuss this issues in the following paragraphs.
	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


4. Power control
In a dedicated resource pool, when PSCCH carrying SCI associated with SL PRS is transmitted with SL PRS in the same slot, the number of DMRS resources of PSCCH can be quite small due to the small number of PSCCH symbols and a limited PSCCH bandwidth. To improve the SL pathloss estimation quality, it can be (pre)configured whether to use SL PRS or PSCCH DMRS for SL pathloss estimation.
Proposal 12: For a decidated resource pool, SL PRS or PSCCH DMRS can be (pre)configured to be used as SL reference signal for SL pathloss estimation.
	Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.


There was agreement in RAN1#113 meeting that the symbol power in time domain is same for both SL PRS and PSSCH in a shared resource pool. We think that the same philosophy can be applied for a dedicated resource pool. The power control issue is a bit complicated because of TDM of SL PRS resources within a slot. But there are still cases where only comb-based multiplexing is (pre-)configured or no multiplexing is (pre-)configured in a dedicated resource pool. Therefore, we think that from TX UE perspective, SL PRS transmit power is same as that for PSCCH in a dedicated resource pool.
Proposal 13: For a dedicated resource pool, SL PRS transmit power is same as that for PSCCH regardless of multiplexing of SL PRS resources within a slot.
If SL PRS and the associated PSCCH/PSSCH are transmitted in a same resource pool, a slot can be used either for SL PRS transmission or for the associated PSCCH/PSSCH transmission. If the transmission resource is selected by UE based on sensing, there are possibilities of resource conflict due to improper sensing results. The interference from SL PRS to PSSCH/PSSCH can be significantly high if a large com size is used and resultantly the power of SL PRS RE is highly boosted.
One possible solution to avoid or minimize such interference is to adjust the EPRE of SL PRS resource according to the MCS of the reserved PSCCH/PSSCH based on sensing. If the reserved transmission of PSCCH/PSSCH uses a higher value of MCS, the EPRE of SL PRS resource can be adjusted to a relatively low level to reduce a potential interference level.
Proposal 14: SL PRS power control for coexistence with SL communication in a shared resource pool needs to be investigated.
5. Conclusions
In this contribution, the solutions for SL PRS design, the structure of SL positioning slot, and SL PRS transmission power control were discussed. The following proposals were made as a conclusion.
Proposal 1: For a dedicated resource pool, only PSCCH DMRS is used for sensing.
Proposal 2: confirm the WA, at least for unicast, on SL PRS sequence ID generation without FFS point. FFS SL PRS sequence ID generation for broadcast and groupcast mode of SL PRS transmission.
Proposal 3: For a dedicated resource pool, SL PRS TDM configuration within a slot is (pre-)configured. TDM configuration is composed of the following fields.
· TDM index
· Starting symbol index of TDM duration
· Number of symbols (M) in TDM duration
· Comb size (N) used in TDM duration
Proposal 4: For a dedicated resource pool, SL PRS resource ID is determined based on TDM index and RE offset within a slot, as follws.

Where SL PRS resource ID(i,j) = ID of SL PRS resource of RE offset=j within TDM duration of index=i, comb size(k) = comb size configured in TDM duration of index=k, and com size(-1)=0.
Proposal 5: At least for a dedicated resource pool, if some symbols are left after mapping of SL PRS resources based on the (pre-)configured comb pattern within a TDM duration, the remaining symbols can be used for additional transmission of SL PRS resources. The following options are candidate for the additional transmission within the TDM duration.
· Opt 1. Repetition of a comb pattern
· Opt 2. Expansion of a partially staggered comb pattern toward a fully staggered one
FFS how to determine TDM duration for additional SL PRS transmission.
Proposal 6: For a dedicated resource pool, if TDM of SL PRS resources within a slot is (pre-)configured, Tx/Rx switching gap symbol is inserted after the end of PSCCH.
Proposal 7: For a dedicated resource pool, if only comb-based multiplexing of SL PRS resources within a slot is (pre-)configured, no AGC symbol is inserted before SL PRS resource.
Proposal 8: For a dedicated resource pool, if only comb-based multiplexing of SL PRS resources within a slot is (pre-)configured, no Tx/Rx switching gap symbol is inserted after the end of PSCCH.
Proposal 9: For a dedicated resource pool, if no multiplexing of SL PRS resource within a slot is (pre-)configured, no AGC symbol is inserted before SL PRS resource.
Proposal 10: For a dedicated resource pool, if no multiplexing of SL PRS resource within a slot is (pre-)configured, no Tx/Rx switching gap symbol is inserted after the end of PSCCH.
Proposal 11: AGC symbol is filled with:
· Opt 1. the copy of the last SL PRS symbol
· Opt 2. the last symbol of the fully-staggered comb pattern corresponding the comb size
Proposal 12: For a decidated resource pool, SL PRS or PSCCH DMRS can be (pre)configured to be used as SL reference signal for SL pathloss estimation.
Proposal 13: For a dedicated resource pool, SL PRS transmit power is same as that for PSCCH regardless of multiplexing of SL PRS resources within a slot.
Proposal 14: SL PRS power control for coexistence with SL communication in a shared resource pool needs to be investigated.
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