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Introduction
In RAN1#112bis [1], we discussed a lot of issues on the design of SL-PRS pattern and power control to support SL positioning. 
In this paper, we further provide our views on the remaining issues on SL-PRS pattern and power control of SL-PRS. 

SL-PRS sequence generation 
In RAN1 112bis [1], we have the following agreement for the sequence generation of SL-PRS:

	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.



[bookmark: OLE_LINK292][bookmark: OLE_LINK293]The remaining issue of the last meeting is how to configure the sequence ID. Some companies think that the sequence ID is a high layer configuration parameter just like the sequence ID configuration of DL-PRS, but other companies think that the sequence ID is associated with the physical layer parameter, i.e. the CRC of SCI because some reference signals such as SL-CSI-RS and DM-RS for PSSCH are initialized by the sequence ID that is associated with the value of the decimal representation of PSCCH CRC [3].
[bookmark: OLE_LINK294]From our understanding, consider to reduce overhead of the signaling and latency of sequence generation, CRC based method to generate the sequence ID is beneficial. In addition, UE needs to obtain the CRC anyway before detecting SL-PRS. Therefore, no additional UE behavior is added.
[bookmark: OLE_LINK297][bookmark: OLE_LINK295][bookmark: OLE_LINK296]Besides, we can combine the higher layer parameters with the lower layer parameters, meaning the sequence initialization ID is given by the CRC of the PSCCH and an ID provided by higher layer using SLPP from the Tx UE to the Rx UE. A list of configured ID can be provided, so that it offers sequence-based interference randomization. The list may include a single ID as a special case.
For example, the sequence ID of the SL-PRS is

where
The quantity  equals the decimal representation of the CRC on the PSCCH associated with the SL-PRS, and 
The  is selected by the Tx UE from the configured ID list provided to the Rx UE in SLPP.
[bookmark: OLE_LINK289]Proposal 1: For SL-PRS sequence generation, support the following Option 3:
· 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. 
· From Rx UE perspective, the configured ID list is provided by the Tx UE via SLPP.

Remaining issues of SL-PRS pattern 
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]In RAN1#112bis [1], SL-PRS time and frequency pattern has been discussed and we have the following agreement.
	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.



0. Additional comb size 
[bookmark: _Hlk130837515][bookmark: OLE_LINK64]On whether to support of comb sizes (N) of 8 and 12, in R16/R17 positioning reference signal design, e.g. DL-PRS, the larger comb size of full staggering pattern can harvest the benefits of both sidelobe reduction and multiplexing capability. 
In sidelink scenarios, the sidelobe is not the main issue because the communication distance between UEs is not very long. Take 30kHz SCS for example, the OFDM symbol duration is 33us, and if we take the maximum range of distance between two UEs involved in the SL-PRS reception as 200m, the ToA uncertainty range is approximately 0.67us, which is far less than the CP length, let alone the OFDM symbol part. Even if we allow for additional margin of UE synchronization error, we do not think it is likely that UE would select a sidelobe for an equivalent comb-3 structure. In addition, UE would anyway need to receive SCI prior to SL-PRS reception, meaning that some initial condition supported for data demodulation should be met in the first place.
On the other hand, the multiplexing capability is more important than coverage issue as there may be many UEs communicated each other at the same time within the same area. Note that the maximum of sub-channels of a resource pool is 27 according to the current RP configuration, and we assume PSCCH in the dedicated RP starts from the first RB in each subchannel and following a 1-to-1 mapping between PSCCH candidate, we do not think there is sufficient SL-PRS resources to map to the PSCCH if we do not introduce comb-12.
[bookmark: OLE_LINK75][bookmark: OLE_LINK349]Observation 1: For sidelink positioning, equivalent comb-3 is sufficient to resolve the sidelobe issue considering the communication range and synchronization condition between two UEs involved in the sidelink positioning.
Observation 2: The maximum number of SL-PRS resources within a slot for the dedicated resource pool should be more than 20 to match the maximum subchannels in a RP used for PSCCH transmission.
For comb-12, there might not be sufficient symbols for full staggering but partial staggering with repetition should OK. Taking comb-12 pattern defined for DL-PRS as an example, (M,N) = (4,12) can be supported.
[bookmark: OLE_LINK63][bookmark: OLE_LINK299]Proposal 2: Support the comb size of 12 with partial staggering mapping with (M,N)=(4,12).

AGC symbols
In last meeting, the working assumption on the AGC symbol has been made whereas there are still some remaining issues.
	· [Working assumption] At least in a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol when SL PRS multiplexing within a slot is allowed in a resource pool.
· FFS: How the AGC symbol is created
· FFS: Cases when SL PRS multiplexing within a slot is not allowed in a resource pool 
· FFS: Other exceptions, if any
· FFS: for SL PRS resource in a shared resource pool.


[bookmark: OLE_LINK291]One of the main issues is that how the AGC symbol is created. First, for the SL-PRS transmission both within the dedicated resource pool and shared resource pool, the transmission power on different symbols of the SL-PRS signals should be the same. On this basis, we think that the AGC symbol can be created by copying the last symbol of the SL-PRS. On one hand, since the AGC symbol is mainly used to for dynamic range adjustment of the receiver RF chain, copying the last symbol enables the normal functionality of AGC symbol. On the other hand, by setting the AGC symbol same as the last SL-PRS symbol enables the opportunity for Doppler shift estimation, especially for the V2X scenarios, where the speed of the vehicular UEs can be up to 250km/h. Without estimating and compensating the Doppler frequency shift, coherent combining for multiple SL-PRS symbols will be problematic. It should be noted that the use of AGC symbol for channel estimation can be up to UE implementation when certain conditions are met. 
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[bookmark: _Ref131154356]Figure 1: Illustration of AGC symbol same as the last SL-PRS symbol
[bookmark: OLE_LINK288][bookmark: OLE_LINK300][bookmark: OLE_LINK330][bookmark: OLE_LINK351]Proposal 3: Support the AGC symbol is copied from the last symbol of SL-PRS.

SL-PRS slot structure 
In RAN1#112bis [1], SL-PRS slot structure has been discussed and we have the following agreement.
	Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).

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



And in RAN1#112 [2], we have the following agreement about the comb-based multiplexing of SL PRS from different UEs,
	Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs



In the last few meetings, we have discussed many kinds of multiplexing format for SL PRS, such as the TDM/FDM/comb-based multiplexing of SL-PRS within a slot from different UEs or a single UE in dedicated resource pool and shared resource pool. Some issues are still in FFS, we give our views on those issues in the following parts. 
Dedicated RP
Single or multiple (M,N) values for a RP
One of the remaining issues is whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values for dedicated resource pool. We think it is ok to support multiple (M,N) values with different M but with the same N, because in some cases the total number of OFDM symbols for the TDM multiplexing SL-PRS cannot be divided by the number of SL-PRS resources, for example, 9 symbols with 2 TDM groups. For different N values, the benefit is not clear and this can also make the scheme 2 resource allocation more complex. Hence, we can support the comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values for dedicated resource pool with restriction of the different M values with the same N value.
[bookmark: OLE_LINK301][bookmark: OLE_LINK302][bookmark: OLE_LINK331][bookmark: OLE_LINK352]Proposal 4: Support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values within a slot in a dedicated resource pool with the restriction of different M values with the same N value. For the case of different M values, only support different (M, N) pairs are multiplexed via TDM within a slot.

Subchannel FDMed SL-PRS resources
For dedicated resource pool, we think the bandwidth of SL PRS is same as the bandwidth of the resource pool, so we do not support FDM-based multiplexing of SL PRS from different UEs.
[bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK332]Proposal 5: Do not support subchannel-level FDM-based multiplexing of SL-PRS from different UEs within a slot for a dedicated resource pool.

TDMed SL-PRS resources
Another issue is whether to support TDM-ed SL-PRS resources within a slot from a single UE. In our view, only a single SL-PRS resource can be indicated/reserved in a slot in Rel-18 due to no SL-AoD positioning method or FR2 optimization. Therefore, there is no need to support TDM multiplexing of SL PRS resources from a single UE.
[bookmark: OLE_LINK305][bookmark: OLE_LINK333][bookmark: OLE_LINK353]Proposal 6: TDM-ed SL-PRS resources within a slot from a single UE in a dedicated resource pool is not supported.

Shared RP
[bookmark: OLE_LINK271]Subchannel FDMed SL-PRS resources
For shared resource pool, the SL-PRS within a slot is transmitted together with the PSSCH transmission or PSCCH, so subchannel-level FDMed multiplexing of SL-PRS from different UEs can be naturally done as  FDMed PSSCHs from different UEs for communication. 
[bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK334][bookmark: OLE_LINK354]Proposal 7: Support FDM-based multiplexing SL-PRS within a slot from different UEs for a shared resource pool.

TDMed SL-PRS resources
Same as in dedicated resource pool, in our view, only a single SL-PRS resource can be indicated/reserved in a slot in Rel-18 due to no SL-AoD positioning method or FR2 optimization. No need to support TDM multiplexing of SL-PRS resources from a single UE.
[bookmark: OLE_LINK308][bookmark: OLE_LINK309][bookmark: OLE_LINK335][bookmark: OLE_LINK355]Proposal 8: TDM-ed SL-PRS resources within a slot from a single UE in a shared resource pool is not supported.

Configurations on number of symbols of SL-PRS
For the PSSCH and SL-PRS multiplexing, the SL-PRS location and the number of symbols for SL-PRS will be impacted by the configuration of DMRS patterns/CSI-RS configuration/PSFCH configuration for sidelink communication in the shared resource pool. For example, if PSFCH is enabled in the slot, then the available number of symbols will be reduced from 12 to 9. If the 4-symbol DMRS pattern is used in the slot, the available number of symbols will be reduced further. Then the (pre-)configuration on the number of symbols of SL-PRS should be determined accordingly. 
Proposal 9: With regards to PSSCH and SL-PRS multiplexing, the (pre-)configured number of symbols for SL-PRS needs to consider the following sidelink communication configuration in the shared resource pool: 
· Number of symbols of DMRS; 
· Number of symbols of CSI-RS; 
· Whether PSFCH is enabled or not. 

SL-PRS frequency domain resource allocation 
In RAN1#112bis meeting, the frequency domain resource allocation of SL-PRS has been extensively discussed but no agreement has been reached. In this section, we further provide our views.
Dedicated RP
For the dedicated RP, following proposal has been discussed.
	· For dedicated resource pools, RAN1 to down-select between:
· Alt 1: SL PRS bandwidth is same as resource pool bandwidth.
· Alt 2: SL PRS bandwidth can be same as or smaller than resource pool bandwidth.


In our opinion, we think that the bandwidth of SL-PRS within the dedicated RP should be the same as the bandwidth of the resource pool. The reasons are explained in the following.
First, the motivation of introducing the SL-PRS dedicated resource pool is to enable a large bandwidth transmission of SL-PRS. If the bandwidth of SL-PRS could be smaller than the resource pool, it is not clear how the remaining RBs/channels can be used. If as some companies argued different UEs may transmit SL-PRS using sub-channel FDM schemes, the frequency resources will be fragmented, and the comb-based UE multiplexing within a subchannel could be even more complicated.
On the other hand, there are different methods to accommodate the requirement of UE that requires smaller bandwidth SL-PRS. For example, multiple SL-PRS dedicated RPs with different bandwidths could be incurred, which is up to implementation. When smaller SL-PRS bandwidth is required, the SL-PRS could be transmitted within the dedicated RP of a smaller bandwidth. With the above two methods, different requirements can be met.
What is more, the SL-PRS bandwidth is the same as the dedicated RP bandwidth has another advantage, i.e., the simplified resource allocation schemes. When the bandwidth of different SL-PRS is pre-defined, UEs within the resource pool only need to do the SL-PRS resource level sensing and reservation. In this way, the sensing schemes could be simplified and the signalling overhead could be reduced.
Last but not least, larger bandwidth facilitates the improvement of the positioning accuracy, since the accuracy highly relies on the bandwidth of SL-PRS for both ToA based and AoA based positioning methods. Moreover, full bandwidth transmission does not affect UE with lower bandwidth capability that will only process a partial bandwidth of the SL-PRS. 
[bookmark: OLE_LINK310][bookmark: OLE_LINK311][bookmark: OLE_LINK60][bookmark: OLE_LINK84]Proposal 10: For bandwidth of SL-PRS within the dedicated resource pool, support Alt.1, i.e., SL-PRS bandwidth is same as the resource pool bandwidth.

Shared RP
For the shared RP, following proposal has been discussed.
	· For shared resource pools, SL PRS bandwidth is same as the bandwidth indicated for PSSCH


For the shared RP, considering the compatibility with legacy UE, the bandwidth of SL-PRS should be flexible according to the resource sensing results. There are multiple options of the transmission schemes of the shared pool, including:
· Only SL-PRS (including necessary SCI) is transmitted within a slot;
· Both SL-PRS and data (SL-SCH) are transmitted within a slot;
In our view, no matter which transmission scheme, current legacy resource reservation and indication schemes should be reused as much as possible to reduce the specification impact for SL-PRS transmission in the shared resource pool. Hence, we think the bandwidth of the SL-PRS should be the same as indicated by the field “Frequency resource assignment” in the granularity of sub-channel. In this way, the current 1st stage SCI within the shared pool could be reused. When SL-PRS is transmitted along with data, the “Frequency resource assignment” indicates bandwidth of both PSSCH and SL-PRS. When SL-PRS is transmitted independently of data within a slot of the shared pool, the bandwidth of SL-PRS is still indicated by the field “Frequency resource assignment”.
[bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK336][bookmark: OLE_LINK356]Proposal 11: For bandwidth of SL-PRS within the shared resource pool, the bandwidth of the SL-PRS should be the same as indicated by the field “Frequency resource assignment” of the 1st stage SCI.

Power control for SL-PRS 
In RAN1#112bis-e, SL-PRS power control has been discussed and we have the following agreement.
	[bookmark: OLE_LINK215]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.




Dedicated RP
For the dedicated resource pool, the SL-PRS will be transmitted without PSSCH, so using PSSCH DMRS for pathloss reference is meaningless.
Given that SL-PRS is wideband and SL-PRS-RSRP is anyway measured as the positioning measurement, SL-PRS as pathloss reference RS for the target SL-PRS is the best candidate.
[bookmark: OLE_LINK290]Proposal 12: For OLPC for SL-PRS within the dedicated resource pool, support
· Option 1: SL-PRS as pathloss reference.
For dedicated resource pool, the transmission power for PSCCH and SL-PRS can be determined separately. Considering the potential different power control settings and the potential different bandwidths, the determined transmission power for the PSCCH symbol and for the SL-PRS symbol could be different. In this case, a transient period may be needed from RAN4 perspective and RAN4 needs to be consulted for the evaluation of the period value. 
[bookmark: OLE_LINK298][bookmark: OLE_LINK329][bookmark: OLE_LINK350]Observation 3: A transient period may be required if the transmission power for the PSCCH symbol is different from that for the SL-PRS symbol.
Alternatively, to avoid reserving the transient period, under certain conditions, the transmission power for PSCCH and for the associated SL-PRS can be determined jointly, i.e., by using the same transmission power for both the PSCCH symbol and the SL-PRS symbol. 
Proposal 13: For the power control of PSCCH and SL-PRS, two power control mechanisms can be considered: 
1. Alt1: Independent power control for PSCCH and SL-PRS with one AGC symbol ahead of PSCCH and one AGC symbol ahead of SL-PRS from the same transmitting UE,
0. Consulting RAN4 on the impact of AGC performances for PSCCH and for SL-PRS. 
1. Alt2: keeping the same transmission power for the PSCCH symbol and for the SL-PRS symbol to avoid the potential transient period. 

Shared RP
For shared resource pool, since the SL-PRS will be transmitted with PSCCH/PSSCH within the slot, a simple way for OLPC is to limit the transmission power of SL-PRS symbol(s) the same as that for PSCCH/PSSCH symbol(s).
[bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK357]Proposal 14: For shared resource pool, support the SL-PRS transmission power on symbol basis is the same as that for PSCCH/PSSCH transmitted in the same slot.
Another issue worth consideration is whether the target Rx UEs of PSSCH and of SL-PRS may be different for the shared resource pool, which is shown in the following Figure 2. If that is allowed, there will be different pathloss between PSSCH transmission link and SL-PRS transmission link. To keep the same transmission power between PSSCH and SL-PRS, which pathloss will be used should be considered. 
[image: ]
[bookmark: _Ref134201584]Figure 2 SL-PRS and PSSCH are transmitted to different receivers
Proposal 15: For shared resource pool, RAN1 should decide whether the Rx UE of PSSCH and of SL-PRS could be different.
If so, which sidelink pathloss should be used between SL-PRS transmission and PSSCH transmission should be considered when determining the PSSCH and SL-PRS transmission power within the same slot.

Conclusion
In this contribution, we provide our views on the remaining issues of SL-PRS design and power control of SL-PRS. Based on the discussion, we have the following observations and proposals.
Observation 1: For sidelink positioning, equivalent comb-3 is sufficient to resolve the sidelobe issue considering the communication range and synchronization condition between two UEs involved in the sidelink positioning.
Observation 2: The maximum number of SL-PRS resources within a slot for the dedicated resource pool should be more than 20 to match the maximum subchannels in a RP used for PSCCH transmission.
Observation 3: A transient period may be required if the transmission power for the PSCCH symbol is different from that for the SL-PRS symbol.
Proposal 1: For SL-PRS sequence generation, support the following Option 3:
· 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. 
· From Rx UE perspective, the configured ID list is provided by the Tx UE via SLPP.
Proposal 2: Support the comb size of 12 with partial staggering mapping with (M,N)=(4,12).
Proposal 3: Support the AGC symbol is copied from the last symbol of SL-PRS.
Proposal 4: Support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values within a slot in a dedicated resource pool with the restriction of different M values with the same N value. For the case of different M values, only support different (M, N) pairs are multiplexed via TDM within a slot.
Proposal 5: Do not support subchannel-level FDM-based multiplexing of SL-PRS from different UEs within a slot for a dedicated resource pool.
Proposal 6: TDM-ed SL-PRS resources within a slot from a single UE in a dedicated resource pool is not supported.
Proposal 7: Support FDM-based multiplexing SL-PRS within a slot from different UEs for a shared resource pool.
Proposal 8: TDM-ed SL-PRS resources within a slot from a single UE in a shared resource pool is not supported.
Proposal 9: With regards to PSSCH and SL-PRS multiplexing, the (pre-)configured number of symbols for SL-PRS needs to consider the following sidelink communication configuration in the shared resource pool: 
· Number of symbols of DMRS; 
· Number of symbols of CSI-RS; 
· Whether PSFCH is enabled or not. 
Proposal 10: For bandwidth of SL-PRS within the dedicated resource pool, support Alt.1, i.e., SL-PRS bandwidth is same as the resource pool bandwidth.
Proposal 11: For bandwidth of SL-PRS within the shared resource pool, the bandwidth of the SL-PRS should be the same as indicated by the field “Frequency resource assignment” of the 1st stage SCI.
Proposal 12: For OLPC for SL-PRS within the dedicated resource pool, support
· Option 1: SL-PRS as pathloss reference.
Proposal 13: For the power control of PSCCH and SL-PRS, two power control mechanisms can be considered: 
1. Alt1: Independent power control for PSCCH and SL-PRS with one AGC symbol ahead of PSCCH and one AGC symbol ahead of SL-PRS from the same transmitting UE,
2. Consulting RAN4 on the impact of AGC performances for PSCCH and for SL-PRS. 
1. Alt2: keeping the same transmission power for the PSCCH symbol and for the SL-PRS symbol to avoid the potential transient period. 
Proposal 14: For shared resource pool, support the SL-PRS transmission power on symbol basis is the same as that for PSCCH/PSSCH transmitted in the same slot.
Proposal 15: For shared resource pool, RAN1 should decide whether the Rx UE of PSSCH and of SL-PRS could be different.
If so, which sidelink pathloss should be used between SL-PRS transmission and PSSCH transmission should be considered when determining the PSSCH and SL-PRS transmission power within the same slot.
[bookmark: _GoBack]
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