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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support sidelink positioning and ranging, the following objectives were identified:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we provide our initial views on SL PRS design.

SL PRS design
2.1 SL PRS slot structure
In R16/17 NR sidelink, only slot-based scheduling is specified. In this sense, slot-based scheduling granularity for SL-PRS should be supported as starting point, and FFS whether sub-slot granularity can be considered.
Proposal 1: Slot-based scheduling granularity for SL-PRS is supported as the starting point.
· FFS: Sub-slot scheduling granularity for SL-PRS.
For the slot structure of SL-PRS, the discussion is related to the issue of which channels can be included in the resource pool in addition to SL-PRS, more details can be referred to our companion’s paper [2]. In our views, the discussion on SL PRS slot structure needs to be postponed until the consensus on which channels are included in the resource pool in addition to SL-PRS is reached. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]In addition, no matter whether/which channels are included in addition to SL PRS, the symbols for AGC purpose and Rx-Tx turnaround of SL-PRS can be individually discussed. Similar as the design principle in sidelink, we believed that the 1st symbol of SL-PRS should be used as the AGC symbol, which is the duplication of the 2nd symbol of the RS. A gap symbol for Rx-Tx turnaround is also required immediately after the last symbol of SL-PRS, as shown below. 


Figure 1: Illustration of AGC and GAP symbols of SL-PRS
Proposal 2: For a SL-PRS slot:
· The 1st symbol of SL-PRS should be used as the AGC symbol, which is the duplication of the 2nd symbol of SL-PRS.
· A GAP symbol for Rx-Tx turnaround is also required immediately after the last symbol of SL-PRS.

2.2 SL PRS pattern
During the SI phase, a SL-PRS with comb frequency pattern was agreed. The following agreement on the frequency and time domain pattern of SL-PRS was recapped:
	Agreement 
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s) 
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported) 
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose



For the values of comb size N and number of SL-PRS symbols M (excluding AGC and GAP symbols), the values supported in DL PRS and/or UL SRS-pos should be considered as starting points.
[bookmark: _Hlk127450272][bookmark: OLE_LINK64]For the values of number of SL-PRS symbols M, as discussed in the above sub-section, considering the slot structure including both PSCCH and SL-PRS, as PSCCH occupying 2 or 3 symbols (as defined in sidelink), 2 AGC symbols with one for PSCCH and the other for SL-PRS, and 1 GAP symbol at the end of SL-PRS, at least M = 2, 4, 6, 8 can be supported. For the values of comb size N, N = 2, 4, 6, 8 can be supported. Both full staggering and partial staggering pattern is supported for SL-PRS. On the other hand, considering the slot structure including SL-PRS only without PSCCH, maybe N = 12 and M = 12 can be further supported.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]In addition, N = 1 to support full RE mapping was also proposed by some companies to cope with the potential IBE issues and doppler shift. In our views, N = 1 and M = 1 can be further studied.
Proposal 3: For the comb size N of SL-PRS, consider at least the following values:
· [bookmark: OLE_LINK67]N = {[1],2,4,6,8,[12]}
Proposal 4: For the number of SL-PRS symbols M (excluding AGC and GAP symbols), consider at least the following values:
· M = {[1],2,4,6,8,[12]}
Proposal 5: Both full staggering and partial staggering pattern are supported for SL-PRS.
[bookmark: OLE_LINK592][bookmark: OLE_LINK593][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK68]Furthermore, the issue on whether non-consecutive symbols SL-PRS can be supported for shared resource pool was raised during the study item phase. The proponents’ view to support the non-consecutive symbols of SL-PRS is the SL-PRS may overlap with other physical channel and signal in time domain, e.g., DMRS, PSCCH, etc. In our view, however, take SRS in Uu as an example, in this case, the symbols of SRS overlaps with other channel/signal are just “punctured” due to priority rule, which does not mean the symbols of this RS itself are “non-consecutive”. On the other hand, even if shared resource pool is included in the WID scope, this condition can still be avoided by proper configuration, for example, when SL-PRS and SL data are symbol level semi-statically TDMed in a shared resource pool (details please refer to our companion’s paper [2]), in that case, the issue will never exist.
Proposal 6: RAN1 does not consider non-consecutive symbols SL-PRS for shared resource pool.

2.3 SL PRS configuration
For the configuration/activation/deactivation/triggering of SL-PRS, the following two options were agreed for further down-selection in SI:
	Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/ activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.


Before making the down-selection between option 1 and option 2, two questions should be clarified since the current descriptions in the above agreements may cause some confusions among companies. Some understanding should be aligned during RAN1 discussion in order to select a better option.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Q1:  What is the definition of high-layer configuration for SL-PRS?
In our views, there are several categories of high-layer configuration. One is as in NR sidelink, some parameters for sidelink data transmission is up to BWP level configuration, e.g., StartSymbol and LengthSymbol for PSSCH transmission, or resource pool level configuration, e.g., PSSCH-DMRS-TimePattern, which is (pre-)configured by the NW. Another is as for SL CSI-RS, the configuration is conveyed by PC5 RRC signalling. In addition, the SL-PRS configuration may also depend on SLPP signalling, which is under the discussion in RAN2 and follows the Uu positioning principle. In our views, all these configuration methods are not precluded. 
Observation 1: The high-level configuration signalling of SL-PRS may include one or a combination of resource pool/BWP level configuration, PC5-RRC signalling or SLPP signalling which is potentially designed in RAN2.
Note that since no gNB scheduling is included in Scheme 2 resource allocation, the SL PRS configuration in a dedicated RP cannot be supported as so much flexible as NR DL PRS and/or UL SRS pos; otherwise, some big issues such as resource collision, AGC performance degradation, etc., may be caused, and these issues may have negative impacts on the positioning performance. In this sense, we propose to (pre-)configure parameters of SL PRS in a resource pool level, including at least SL PRS pattern (i.e., number of symbols, comb size) and the bandwidth of the SL PRS. 
Proposal 7: Parameters of SL-PRS, e.g., SL PRS pattern (incl. number of symbols, comb size), and bandwidth, should be (pre-)configured in a resource pool level.
Furthermore, for the bandwidth of SL-PRS in a dedicated RP, the following agreement was made during the study item:
	Agreement 
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


In our views, it should be directly equal to the bandwidth of the resource pool, in order to provide higher positioning accuracy. 
Proposal 8: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to that of the resource pool (Support Alt. 2).

The second question regarding the agreement on SL PRS configuration/activation/deactivation/triggering is that:
Q2:  What is the definition of low-layer activation/indication/reservation/triggering for SL-PRS?
[bookmark: _Hlk115429380][bookmark: OLE_LINK104]First of all, from our understanding, activation/deactivation mechanism does not exist in sidelink because this kind of semi-persistent mechanism by sending MAC-CE is not supported. Next, SCI is used to indicate the PSSCH transmission within the same slot of the PSCCH, for the UE(s) with a specific destination ID, and it can also reserve further resources for the subsequent transmission. From a receiver UE’s perspective, its PSSCH reception is based on the decoded SCI within the same slot, and is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI; however, the resource reservation is only for other transmitter UE’s resource exclusion procedure, not the receiver UE’s reception because the transmission may be dropped even the resource has been reserved, or the reserved resource may also be changed by the pre-emption procedure.
Observation 2: In NR sidelink, SCI is used to indicate the PSSCH transmission within a same slot of PSCCH, and is also used to reserve further resource for subsequent transmission.
Observation 3: In NR sidelink, from the perspective of receiver UE(s), its reception is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI within the same slot; not based on the reservation information of a transmitter UE.
Observation 4: In NR sidelink, from the perspective of other transmitter UE(s), the resource reservation information is used for resource exclusion procedure.
Based on the above analysis, there are two alternatives for SL-PRS reception. The first one is to follow NR sidelink principle, then the aforementioned mechanism for NR sidelink data should be reused; the second one is to follow NR Uu principle, where SCI can be used as “triggering” for one or more transmissions to notify the receiver UE the corresponding resources to perform reception, in this case one SCI can be used to trigger multiple PSSCH transmission, i.e., there is no need to transmit a PSCCH along with each PSSCH. However, since the SL resources may need to be changed, more collision and redundant reservation issues will be caused accordingly. 
Moreover, regardless of which alternatives above is finally selected, option 2 in the agreement should be agreed since SCI has been involved in both of the two alternatives.
Proposal 9: RAN1 should further study the following alternatives for SL-PRS reception:
· Alt 1: The NR sidelink principle is followed.
· SCI is used to indicate the current PSSCH for receiver UE, and reserve subsequent resources for the resource exclusion procedure of other transmitter UE(s) only.
· Alt 2: The NR Uu principle is followed.
· SCI is used to trigger one or more transmissions and to notify the receiver UE where to perform resource reception.
Proposal 10: With regards to the configuration/activation/deactivation/triggering of SL-PRS, option 2 in the agreements from RAN1#109-e should be selected.

2.4 Power control
In NR sidelink, OLPC based on DL pathloss and/or SL pathloss are specified. For the power control of SL-PRS, to mitigate the potential interference to both UL or SL, we think that same mechanism of NR sidelink OPLC should be supported as the starting point, i.e., supporting both DL pathloss-based and SL pathloss-based OLPC
Proposal 11: Both DL pathloss-based and SL pathloss-based OLPC should be supported for SL-PRS.
In addition, for the PSCCH associated with the SL PRS, the power control mechanism should be considered. In NR sidelink, the transmit power of the PSCCH is determined based on its associated PSSCH. A straightforward solution is that the transmit power of the PSCCH is determined based on its associated SL PRS as well. Details including its impact on resource exclusion can be further studied.
Proposal 12: The transmit power of the PSCCH is determined based on its associated SL PRS. FFS details.

[bookmark: _Ref31533076]Conclusions
In this contribution, we have shared our initial views on SL positioning reference signal, the following observations and proposals are provided:
Observation 1: The high-level configuration signalling of SL-PRS may include one or a combination of resource pool/BWP level configuration, PC5-RRC signalling or SLPP signalling which is potentially designed in RAN2.
Observation 2: In NR sidelink, SCI is used to indicate the PSSCH transmission within a same slot of PSCCH, and is also used to reserve further resource for subsequent transmission.
Observation 3: In NR sidelink, from the perspective of receiver UE(s), its reception is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI within the same slot; not based on the reservation information of a transmitter UE.
Observation 4: In NR sidelink, from the perspective of other transmitter UE(s), the resource reservation information is used for resource exclusion procedure.

Proposal 1: Slot-based scheduling granularity for SL-PRS is supported as the starting point.
· FFS: Sub-slot scheduling granularity for SL-PRS.
Proposal 2: For a SL-PRS slot:
· The 1st symbol of SL-PRS should be used as the AGC symbol, which is the duplication of the 2nd symbol of SL-PRS.
· A GAP symbol for Rx-Tx turnaround is also required immediately after the last symbol of SL-PRS.
Proposal 3: For the comb size N of SL-PRS, consider at least the following values:
· N = {[1],2,4,6,8,[12]}
Proposal 4: For the number of SL-PRS symbols M (excluding AGC and GAP symbols), consider at least the following values:
· M = {[1],2,4,6,8,[12]}
Proposal 5: Both full staggering and partial staggering pattern are supported for SL-PRS.
[bookmark: _GoBack]Proposal 6: RAN1 does not consider non-consecutive symbols SL-PRS for shared resource pool.
Proposal 7: Parameters of SL-PRS, e.g., SL PRS pattern (incl. number of symbols, comb size), and bandwidth, should be (pre-)configured in a resource pool level.
Proposal 8: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to that of the resource pool (Support Alt. 2).
Proposal 9: RAN1 should further study the following alternatives for SL-PRS reception:
· Alt 1: The NR sidelink principle is followed.
· SCI is used to indicate the current PSSCH for receiver UE, and reserve subsequent resources for the resource exclusion procedure of other transmitter UE(s) only.
· Alt 2: The NR Uu principle is followed.
· SCI is used to trigger one or more transmissions and to notify the receiver UE where to perform resource reception.
Proposal 10: With regards to the configuration/activation/deactivation/triggering of SL-PRS, option 2 in the agreements from RAN1#109-e should be selected.
Proposal 11: Both DL pathloss-based and SL pathloss-based OLPC should be supported for SL-PRS.
Proposal 12: The transmit power of the PSCCH is determined based on its associated SL PRS. FFS details.
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