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[bookmark: OLE_LINK1]Introduction
In previous RAN1 meetings for Rel-18, several agreements related to potential solutions for SL positioning were approved [1-3]. In this contribution, we provide our views and considerations on potential solutions for SL positioning including SL positioning methods and measurements, SL positioning reference signal, SL-PRS resource pool, SL-PRS configuration, SL positioning resource allocation and power control of SL-PRS.
Discussion
2.1 SL positioning methods and measurements
For Rel-18 NR sidelink positioning, in order to obtain the location information of a target UE, positioning methods make use of reference signals (e.g. SL-PRS) transmitted between UEs and the resulting measurements can be used to locate the target UE. Especially in some scenarios with anchor UEs, e.g. RSUs which can be utilized as TRPs for positioning purpose, then all legacy positioning methods are applicable in our view including RTT, TDOA and angle-based positioning methods [4]. The following agreement is made in RAN1#110b-e meeting:
	Agreement in RAN1#110b-e
· From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· FFS: SL-AoD



2.1.1 TDOA
The legacy DL-TDOA/UL-TDOA positioning methods need time synchronization information between a reference TRP and a list of neighboring TRPs in Rel-16/17 to meet the positioning accuracy requirements. For SL-TDOA positioning methods, the target UE position is estimated based on measurements taken from multiple anchor UEs (shown in Figure 2.1-1) and/or based on measurements at the target UE. The following agreement was achieved in RAN1#110b-e:
	Agreement in RAN1#110b-e
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.
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Figure 2.1-1: TDOA for sidelink positioning
The second bullet of the above agreement encourages companies to study whether method(s) to mitigate impact of synchronization error between multiple anchor UEs are needed. Currently, the synchronization error for sidelink transmission include both UE’s transmission timing error and propagation delay. Also, there is no perfect synchronization between UEs in current SL communication even if two UEs share the same synchronization reference source and thus it’s hard to guarantee the SL positioning accuracy.
Therefore, the rule/enhancement of sidelink synchronization need to be considered for SL-TDOA method: the time synchronization requirement of UEs (e.g., anchor UEs share the same synchronization reference source, synchronization priority order), selection of anchor UEs (e.g., RSU) including SL-PRS reference UE, and the signaling procedures. 
Proposal 1: With regards to SL-TDOA positioning method for SL-only positioning
· Study the rules/enhancement of SL-TDOA method considering the time synchronization requirement of UEs, selection of the anchor UEs, and the signaling procedures.
2.1.2 RTT
	Agreement in RAN1#110b-e
· With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives: 
· Alt. 1: it corresponds to a single-sided RTT method
· Alt. 2: it may correspond to either a single-sided or double-sided RTT method
· With regards to the double-sided RTT, 
· companies are encouraged to analyze and evaluate the effect in performance for the single-sided SL RTT due to clock drift
· Study the order of the SL-PRS transmissions for double-sided RTT
· Study the impact of UE mobility
· FFS study whether there is or what is the spec impact of double-sided RTT method
· Note: the above may correspond to RTT with one or multiple devices


For SL-RTT positioning methods as shown in Figure 2.1-2, SL-RTT positioning method makes use of measurements of sidelink signals received from multiple anchor UEs, measured by the target UE and the measurements at multiple anchor UEs of sidelink signals transmitted from target UE. UE location is estimated based on measurements performed between two UEs. SL-RTT does not require accurate synchronization between UEs. Suppose  is the propagation time for a SL-PRS transmitted between two UEs and multiplying  by the speed of light can yield the distance between two UEs.
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Figure 2.1-2: RTT/single-sided RTT (SS-RTT) for sidelink positioning
However, the performance and positioning accuracy of multi-RTT positioning method will be impacted by clock shift error of UE due to the limited oscillator capability of UE. Suppose the clock shift error of UE1 and UE2 are ,  respectively. The estimated error of RTT  is proportional to  whose unit normally is millisecond.



Observation 1: SL-RTT does not require perfect synchronization among different UEs but its accuracy can be impacted by UE’s clock shift error.
[image: ]
Figure 2.1-3: Double-sided RTT (DS-RTT) for sidelink positioning
As mentioned by other companies in RAN1#109-e meeting [5], introducing double-sided RTT (DS-RTT) as shown in Figure 2.1-3 will significantly improve positioning accuracy. The estimated error of RTT  is proportional to  whose unit normally is nanosecond. By introducing DS-RTT, the positioning accuracy can be significantly improved.




There may be several spec impacts of DS-RTT: 
(1) A control information should be designed to indicate the configuration/triggering/activation/deactivation of the 1st and 2nd TX-to-RX round-trip for DS-RTT.
(2) Double-sided RTT measurements:
· One of the main differences between the measurement report of DS-RTT and that of SS-RTT is: a single UE needs to report at least two Rx-Tx time difference and those two Rx-Tx time differences may satisfy a certain timing relationship. For example, two UE Rx-Tx time difference may share a common time stamp and the common time stamp can be the ending time stamp for the first UE Rx-Tx time difference and also the starting time stamp for the latter UE Rx-Tx time difference.
· UE Rx – Tx time difference for SL DS-RTT can be defined as the difference between SL-PRS received timing and SL-PRS transmit timing, instead of the difference between received timing and transmit timing of sidelink subframe as defined in TS 38.215 [6].
Proposal 2: With regards to the RTT-type solutions using SL, it may correspond to either a single-sided or double-sided RTT method
· For double-sided RTT, 
· The error due to clock drift of single-sided RTT is proportional to  whose unit is millisecond and the error of double-sided RTT is proportional to  whose unit is nanosecond.
· Study the spec impact of double-sided RTT including a control signalling to indicate the transmission of the 1st and 2nd TX-to-RX round-trip, measurements of double-sided RTT.
· Note: the above may correspond to RTT with one or multiple devices

2.1.3 AoA
In the UL-AoA positioning method, the UE position is estimated based on UL-AoA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP) of uplink radio signals taken at different TRPs, along with other configuration information. The definition of UL Angle of Arrival (UL AoA) is as follows:
	TS 38.215
UL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:
-	In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
-	In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901 [15].
The UL AoA is determined at the gNB antenna for an UL channel corresponding to this UE.


We have the following agreement related to SL-AoA positioning method:
	Agreement in RAN1#110b-e
[bookmark: _Hlk117151704]For the study of SL-AoA positioning method, 
· Both SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement should be included 
· FFS: Definition of the measurements
· Study further whether other measurements can be applicable
· Study further the frame of reference (LCS or GCS)


According to the above agreement, the definition of SL Angle of Arrival (SL AoA) measurement is an FFS. We prefer to apply similar definition as UL AoA considering both LCS and GCS:
	SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:
-	In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
-	In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.
The SL AoA is determined at the anchor UE antenna corresponding to this target UE.


Proposal 3: With regards to SL-AoA positioning method,
· SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.

2.1.4 SL-AoD
For SL-AoD positioning method, similar as DL-AoD, the UE position is estimated based on SL-PRS-RSRP and/or SL-PRS-RSRPP measurements taken at the UE from multiple anchor UEs, along with knowledge of the beam index of the SL-PRS and geographical coordinates of the anchor UEs. 
However, SL-AoD may not work well due to the lack of beam management functionality. Rel-16/17 sidelink mainly focused on FR1, and it may not work well in FR2 due to lack of basic FR2 functionalities, e.g. beam management. There is a study bullet point of Rel-18 NR sidelink enhancement (excluding positioning and relaying) on FR2 licensed spectrum, to avoid overlapping discussion between Rel-18 SL and positioning group, we suggest to specify SL positioning related to beam management after completing specifying regular SL communication. For SL-AoD positioning method, we can only accept to support SL-PRS-RSRP and/or SL-PRS-RSRPP measurements and deprioritize the study of SL-PRS beam management. In such case, SL-AoD may not be a high accuracy positioning method.
Proposal 4: For SL-AoD positioning method, only support SL-PRS-RSRP and/or SL-PRS-RSRPP measurements and deprioritize the study of SL-PRS beam management.

2.1.5 SL positioning measurement report
In Rel-16/17, UE position is estimated and calculated based on measurements and only high-layer may have the capability to calculate position. In other words, the location calculation is performed not at physical layer. Also, higher-layer-signaling (LPP signaling) [7] is used for location information request and report in NR Rel-16/17. Therefore, it is straightforward to support SL positioning measurement request/report in high-layer signaling. 
Proposal 5: Support SL positioning measurement request/report as high-layer signaling.
In order to support multiple legacy positioning methods as discussed in section 2.1, at least UE Rx-Tx time difference, SL-PRS RSRP (reference signal received power), SL-AoA (angle of arrival including both azimuth and zenith of arrival), SL-PRS RSTD (reference signal time difference), SL-PRS RTOA (Relative Time of Arrival) should be supported. Besides, referring to the discussion in Rel-17, SL-PRS RSRPP (reference signal received path power) may also be introduced for accuracy improvement. 
According to current Rel-16/17 positioning design, UE measurements are requested/reported for each positioning method as shown in Table 2.1. LMF can firstly send a RequestLocationInformation message to UE to request location information, indicating the type of location information needed, accordingly, ProvideLocationInformation message sent from UE to LMF should match or be a subset of the location information requested by LMF.
Table 2.1: Measurements reported by UE for each positioning method in Rel-16/17
	Methods
	Measurements performed at UE side
	Location information elements [7]

	DL-TDOA
	DL RSTD, Quality for each measurement, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-DL-TDOA-ProvideLocationInformation

	RTT
	UE Rx-Tx time difference, Quality for each measurement, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-Multi-RTT-ProvideLocationInformation

	DL-AoD
	DL-PRS receive beam index, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-DL-AoD-ProvideLocationInformation


Apparently all three positioning methods which need measurement results transferred from UE to the LMF include measurement elements “DL-PRS-RSRP”, “DL-PRS-RSRPP”, “Time stamp” and “LOS/NLOS information”. It is not signaling-efficient enough since measurement results derived from timing-based positioning method and angle-based positioning method can be merged for location calculation. Similar as the measurement information transfer framework defined in TS 38.455 [8], we prefer SL positioning measurements report per UE in order to save signaling overhead, instead of measurement report per positioning method. 
The contents of SL positioning measurement report are studied and discussed in previous RAN1 meetings, the agreements shown in the following box were achieved accordingly.
	Agreement in RAN1#110
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above

Agreement in RAN1#110b-e
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements are considered:
· SL Rx-Tx measurement
· SL RSTD measurement
· SL RSRP measurement
· SL RSRPP measurement 
· SL RTOA measurement
· SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· Companies are encouraged to study other measurements (e.g., time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor) and provide their analysis into why they are needed in light of the above measurements. 
· Companies are encouraged to study potential enhancements, such as SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement
· FFS any additional measurements


In our understanding, the report structure in TS 38.455 can be considered, i.e. SL measurement report can contain at least the following information:
· One or more sidelink positioning measurement(s): UE Rx-Tx time difference, SL-PRS RSRP, SL-PRS RSRPP, SL-AoA (including both azimuth and zenith of arrival), SL-PRS RSTD, SL-PRS RTOA
· Time stamps at which the measurements are performed
· Quality metric(s): timing quality or measurement quality
· Identification Information
· UE information: UE’s ID, PC5 unicast link identifier, V2X service identifier, UE’s application layer ID, destination layer-2 ID, source layer-2 ID, Source user info, target user info, etc.
· SL-PRS information: SL-PRS resource ID and/or SL-PRS resource set ID 
Among the contents of SL measurement report, the present of SL positioning measurement elements (e.g. UE Rx-Tx time difference, SL-PRS RSRP, SL-PRS RSTD) can be set as optional and the presence of UE ID information and SL-PRS information should be set as mandatory. The following measurement report messages can be considered as examples:
	SL positioning measurement report {
UE identification information		       Mandatory
SL-PRS ID info					Mandatory
SL-PRS RSTD     				Optional
SL-PRS RTOA    				Optional
SL-PRS AOA      				Optional 
SL-PRS ZOA      				Optional
SL-PRS RSRP					Optional
SL-PRS RSRPP					Optional
SL Rx-Tx time difference				Optional
Time stamp					Mandatory
Timing quality					Mandatory
…
}


Proposal 6: Do not support separate SL positioning methods, the following potential elements for sidelink positioning measurement report can be considered:
· One or more sidelink positioning measurement(s): UE Rx-Tx time difference, SL-PRS RSRP, SL-PRS RSRPP, SL-AoA/ZOA, SL-PRS RSTD, SL-PRS RTOA
· Time stamps at which the measurements are performed
· Quality metric(s): timing quality or measurement quality
· Identification Information
· UE information: UE’s ID, PC5 unicast link identifier, V2X service identifier, UE’s application layer ID, destination layer-2 ID, source layer-2 ID, Source user info, target user info, etc.
· SL-PRS information: SL-PRS resource ID and/or SL-PRS resource set ID 

2.2 SL positioning reference signals
2.2.1 SL-PRS sequence design
For SL-PRS sequence design, down selection between gold sequence and ZC sequence is needed for unified design. In order to meet the positioning accuracy requirements, reduce complexity and get better multiplexing between SL-PRS and other signals, gold sequence is preferable and the following agreement was approved in RAN1#110b-e.
	Agreement in RAN1#110b-e
For the sequence of the new reference signal for SL positioning/ranging, use
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.


The sequence of SL-PRS (assuming gold sequence)  can be generated according to [9]:

where initialization function design is one of the key factors for sequence generation. The pseudo-random sequence generator for DL-PRS and sidelink CSI-RS shall be initialized as follows (according to TS 38.211):
	DL-PRS 
where the pseudo-random sequence  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.
CSI-RS for PSSCH
where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised 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 [4, TS 38.212].


The basic pseudo-random sequence initialization functions for DL-PRS and sidelink CSI-RS are similar and can be applied /extended for SL-PRS. There are two main differences between the equation of initialization for sidelink CSI-RS and that for DL-PRS:
· Sequence ID: the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, which might related to TRP ID; the SL CSI-RS sequence ID is related to the decimal representation of CRC for the sidelink control information
· Offset: Compared to SL CSI-RS, the equation of initialization for DL-PRS introduces an offset  in high bits. By introducing this offset, the  function of DL-PRS is the same as the  function of DL CSI-RS when DL-PRS sequence ID value range is 0~1024; On the contrary, since the value range of  is 0~4095, introducing high-bit offset can meet the requirement of different  corresponding to different  functions.
Similarly, the pseudo-random sequence  for SL-PRS can be initialized with:

Further, in order to align with DL-PRS’s sequence design and adding a high-bit offset, the pseudo-random sequence  for SL-PRS may be initialized with:

where  is the slot number within a radio frame,  is the OFDM symbol number within a slot,  is SL-PRS sequence ID,  equals to the bit size of SL-PRS sequence ID. In our understanding, further study is needed for SL-PRS sequence initialization function: initialization equation design, SL-PRS sequence ID (considering UE ID information, CRC for sidelink positioning control information), offset in high-bit (when the bit size of SL-PRS sequence ID is larger than 10, e.g. the value range is the same as DL PRS, i.e. 0~4095), whether SL-PRS configuration can be associated, e.g. different SL-PRS configurations such as SL-PRS priority can correspond to different cinit
Proposal 7: For pseudorandom-based SL-PRS, further study can focus on sequence initialization functions considering:
· SL-PRS sequence ID: considering UE ID information or CRC for sidelink positioning control information
· Offset in high-bit: when the bit size of SL-PRS sequence ID is larger than 10
· Whether SL-PRS configuration can be associated

2.2.2 SL-PRS frequency and time domain pattern
	Agreement in RAN1#110
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported

Agreement in RAN1#110b-e
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· [bookmark: _Hlk118407772]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


Comb pattern of SL-PRS can reuse the design for DL-PRS as much as possible, the number of SL-PRS symbols excluding AGC symbol and gap symbol within a slot can be flexibly configured. Specifically, one symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported for better efficiency and larger capacity. 
In addition, considering limited UE transmit power, we suggest to further consider Comb size N > 12 for SL-PRS to achieve larger power boosting and to support more UEs’ RS multiplexing. We suggest the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround: {1, 2, 4, 6, 12, ...}. 
Proposal 8: With regards to the value N (comb size) and the number M of SL-PRS symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround, 
· One symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported
· Consider Comb size N > 12, e.g. N = 16, 24, 32 and 64

2.2.3 AGC and Rx-Tx turnaround design
For AGC and Rx-Tx turnaround, the following proposal was discussed during RAN1#110b-e but not agreed due to the lack of time.
	[ONLINE] Feature Lead Proposal 4.1.3-v2
At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used
· FFS: Discuss further scenarios that this may not be needed (e.g. SL-TDOA where a UE receives only)
· Note: Multiple AGC and Rx/Tx turnaround time(s) can be considered if SL-PRS transmissions from the same or different UEs are multiplexed in a TDM manner within a slot. Such discussions will take place as we progress more on the SL-PRS structure and slot format. 


We do not think the “Note” shown above is needed. Only one AGC training symbol and one Rx/Tx turnaround symbol are needed per SL-PRS resource, and multiple AGC and Rx/Tx turnaround time(s) correspond to multiple SL-PRS resources.
If one AGC symbol before SL-PRS exists, the symbol of AGC can be a duplication of a SL-PRS symbol. In SL communication, AGC symbol which locates in the first symbol of each slot simply repeats the second symbol. According to previous agreement, both fully staggered and partially staggered SL-PRS are prioritized. It is common understanding that the more REs SL-PRS can occupy, the higher the SL positioning accuracy. For transmission SL-PRS with partially staggered frequency pattern (as shown in Figure 2.2-1), AGC symbol can be a duplication of the expected symbol next to the final symbol of transmission SL-PRS. If so, extra gains can be expected. For example, suppose comb-N SL-PRS occupying M symbol, UE can perform coherently merge AGC symbol and SL-PRS symbol to obtain equivalent signals with more frequency resources. Similarly, for transmission SL-PRS with fully staggered frequency pattern (as shown in Figure 2.2-2), AGC symbol is a duplication of the expected symbol next to the final symbol which is also the first symbol of fully staggered SL-PRS.
	[image: ]
Figure 2.2-1: AGC design, where multiple SL-PRS with partially staggered pattern (comb-4, 2 symbols)
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Figure 2.2-2: AGC design, where multiple SL-PRS with fully staggered pattern (comb-4) 


Proposal 9: At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL-PRS
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used

2.2.4 SL-PRS cast type
	Agreement in RAN1#110b-e
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types


According to the discussion during RAN1#110b-e, unicast and groupcast of SL-PRS transmission can be introduced for SL positioning but broadcast is a working assumption. Similar as the design in SL communication, we support all three cast types including unicast, groupcast and broadcast for SL positioning.
Unicast, which is a basic cast type for SL positioning. Two UEs can establish a one-to-one unicast connection with each other and the source ID and destination ID should be reported correspondingly. Unicast is more suitable for relative positioning, e.g., SL-RTT.
Groupcast, which is a more signaling-efficient way for SL positioning compared to unicast. For example, a target UE can groupcast its SL-PRS transmission to multiple anchor UEs within a group (e.g., SL-TDOA method). In this way, the target UE can avoid transmitting SL-PRS one by one and thus save overhead and increase efficiency.
Broadcast: More suitable for RSUs’ periodic SL-PRS transmission. RSUs can broadcast SL-PRS and other neighbouring UEs can use the corresponding measurements to calculate its location.
Proposal 10: Confirm the working assumption, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast, Broadcast.

2.3 SL-PRS resource pool
For SL-PRS resources pool, it is well known that large bandwidth is required for high-accuracy positioning if timing-based positioning methods are used, the larger the bandwidth, the higher the positioning accuracy. However, current sidelink RS in Rel-15/16 is always configured and limited within the bandwidth of PSSCH/SL-data resource pool. If the SL-PRS is configured similarly as current sidelink RS within the frequency range of PSSCH, it is difficult to satisfy the positioning requirement. Therefore, we need to consider solutions for large bandwidth SL-PRS configuration.
2.3.1 Dedicated SL-PRS resource pool
In Rel-15/16, NR sidelink resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception. A UE can be (pre)configured by higher layers with one or more sidelink resource pool. The hierarchical sidelink resource configuration is SL Frequency --> SL BWP --> SL resource pool according to TS 38.331 [10]. Moreover, in order to avoid the situation that one UE has to transmit or receive sidelink data on multiple BWPs simultaneously since groupcast and broadcast is supported, only one BWP is allowed to be configured on one carrier frequency for NR sidelink communication and this particular one BWP is used for both transmission and reception.
The following proposal related to dedicated SL-PRS resource pool was discussed in the last RAN1 meetings: 
	[ONLINE] Feature Lead Proposal 5.1.1.E-v1
With regards to the relation of the dedicated resource pool for SL-PRS to 
· the BWP of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is associated with the one SL BWP of the carrier 
· Alt. 2: The dedicated SL-PRS resource pool can be associated with a BWP that can be the one SL BWP of the carrier or with a second additional BWP
· the carrier of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is on the carrier of the SL communication resource pool
· Alt. 2: The dedicated SL-PRS resource pool can be on a carrier that can be the same or different  from the carrier of the SL communication resource pool


For dedicated SL-PRS resource pool design, we believe a carrier frequency or a BWP dedicated for SL-PRS can provide sufficient time-frequency resources for SL-PRS and thus results in high-accuracy positioning. However, As mentioned early, only one BWP and one carrier frequency is defined in Rel-16/17 SL communication. We may consider to separately specify frequency or BWP configuration for SL-PRS after completing specifying SL CA operation in NR sidelink evolution. Therefore, In Rel-18, we prefer dedicated SL-PRS resource pool associated with the BWP of a carrier that is the same as that of the SL communication resource pool.
For resource pool level configuration as shown in Figure 2.3-1, the SL-PRS and SL-data belong to the same BWP but different resource pool configuration. Each pool/configuration can occupy a part of the BWP resource including time and frequency resources.
Proposal 11: In Rel-18, with regards to the relation of the dedicated resource pool for SL-PRS to 
· the BWP of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is associated with the one SL BWP of the carrier 
· the carrier of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is on the carrier of the SL communication resource pool
[image: ]
Figure 2.3-1: Dedicated SL-PRS configuration - resource pool level
One of the discussion points in the RAN1#110 is: can dedicated SL-PRS resource pool be multiplexed in a TDM manner with the resource pool for sidelink communication? In our understanding, the relationship between different resource pools is totally up to high layer configuration as in Rel-16/17. If a dedicated resource pool for SL-PRS multiplexed in a TDM manner with the resource pool for sidelink communication is applied, the positioning latency may be high. The distribution principle of reserved slots is discretely and evenly distributed in SFN/DFN cycles (10240 ms), the interval between two reserved slots might be quite large. Moreover, if SL-PRS resource pool is not overlapped with any SL communication resource pools to make sure pool level TDM, the available slots for SL-PRS are limited. Therefore, this type of SL-PRS resource pool design is more suitable for services that do not require high positioning latency or for UEs with low velocity. Moreover, UE can be (pre-)configured by high layers with one or more SL-PRS resource pools, and multiple UEs can be involved in SL communication. To make sure pool level TDM, SL-PRS resource pool should not be overlapped with any SL communication resource pool, which makes SL-PRS available resources even more restricted.
Proposal 12: Pool level TDMed restriction between SL-PRS resource pool and SL communication pool should be avoided.
The key point is to firstly discuss multiplexing between SL-PRS and other SL signal rather than resource pool configuration. Due to the half-duplex restriction, the UE cannot transmit and receive sidelink resource at the same time. Furthermore, like Rel-16/17 design, it is better not to support SL-PRS transmitted or received with SL-data (sidelink data) at the same time for the purpose of low latency, low UE complexity and high measurement accuracy. Figure 2.3-2 shows one example of FDM between SL-PRS and SL-data which we do not prefer in this Release, we suggest to only consider TDM between SL-PRS and SL-data.
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Figure 2.3-2 FDM between SL-PRS and SL-data
Proposal 13: In Rel-18, only TDM between SL-PRS transmission and SL-data transmission is considered.
	Agreement in RAN1#110b-e
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)


The bandwidth of SL-PRS should be able to flexibly configured depending on different positioning requirements and different positioning methods. Even though larger bandwidth brings higher positioning accuracy for timing-based positioning methods, different positioning scenarios may have different accuracy requirements. When the positioning accuracy requirement is not urge, a smaller bandwidth compared to that of the resource pool can be applied to save frequency resource and further get power boosting gain. Moreover, for angle-based positioning methods, bandwidth is not a critical influence factor of accuracy. Therefore, we prefer Alt.1 in the above agreement, that is, the bandwidth of SL-PRS can be the same or smaller than that of the resource pool.
Proposal 14: At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, the bandwidth of SL-PRS can be same or smaller than that of the resource pool

	Agreement in RAN1#110b-e
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above


As shown in the above agreement, we discussed which channels can be included in the dedicated SL-PRS resource pool in RAN1#110b-e. For Option 2, dedicated SL-PRS resource pool includes PSCCH which carries SCI and for Option 3, dedicated SL-PRS resource pool includes both PSCCH and PSSCH associated with SL-PRS transmission(s). In our understanding, the choice between Option 2 and Option 3 depends on whether two-stage SCI is supported for SL positioning. Both options can cause a waste of resources since SCI also occupy a large bandwidth same as SL-PRS. Moreover, when number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround is equal to or larger than 12, instead of reusing the slot structure of SL communication, the location of SCI/PSCCH for SL-PRS cannot be fixed in the beginning of a slot.
For Option 2, some companies raised that multiple SCIs from different UEs can be efficiently multiplexed in a FDMed manner in the OFDM symbol(s), and the SL-PRSs can be multiplexed with different comb offsets or even sequences which is also FDMed. However, we should note that UE is not able to support full duplex, i.e. based on this kind of FDM multiplexing, a UE cannot sense/measure the SCI and SL-PRS from another UE B since their SCI and PRS are transmitted simultaneously. Hence, this kind of design will cause resource waste and low measurement efficiency.
Among those three Options, we prefer Option 1 for the purpose of low-overhead/saving-resource and support of 12 symbol of SL-PRS. 
  
Proposal 15: For a dedicated resource pool for SL positioning, no other channel can be included beyond SL-PRS in the resource pool for the purpose of low-overhead/saving-resource and support of 12 symbol of SL-PRS.
If dedicated SL-PRS configuration is applied, we can allocate larger frequency bandwidth for SL-PRS for positioning accuracy improvement. In this case, the frequency range of SL-PRS can be larger than PSSCH, one SL-PRS resource may be associated with one or more SL-data resource(s). However, in our understanding, even if dedicated resource pool is assumed for SL positioning, it is still possible to have time or frequency overlapping between SL-PRS resource pool and SL communication resource pool. Especially when they share the same BWP and SL-PRS need occupy the whole or most of the frequency resources.
Proposal 16: Resource collision should be considered even if dedicated SL-PRS resource pool is configured.

2.3.2 Shared resource pool(s) with sidelink communication for SL-PRS 
The following agreement related to shared SL-PRS resource pool was reached in RAN1#110b-e:
	Agreement in RAN1#110b-e
With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.


[bookmark: _GoBack]SL-PRS resources can be configured in SL communication resource pool, in other words, SL-PRS and SL-data transmission/reception share the same resource pools and same logic slots. However, as we clarified at the beginning of this section, large bandwidth is required for high-accuracy positioning. Therefore, extending SL-PRS outside the SL resource pool in terms of frequency domain should be considered to satisfy the positioning accuracy requirement. 
Proposal 17: If SL-PRS shares resource pool with SL communication, extending SL-PRS outside the SL resource pool in terms of frequency domain without impact on backward compatibility should be considered to satisfy the positioning accuracy requirement.

2.4 SL-PRS configuration/triggering/activation/reservation
With regards to the configuration/activation/deactivation/triggering/reservation of SL-PRS, the following agreements were achieved in the previous RAN1 meetings.
	Agreement in RAN1#109-e
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.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.
Agreement in RAN1#110
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.



2.4.1 Periodic, semi-persistent or aperiodic SL-PRS
	Agreement in RAN1#110b-e
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· Periodic SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS
· SL-PRS is transmitted at least once after [triggering/request]
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study


[bookmark: _Hlk115166043]In our view, RAN1 should first study whether to support periodic SL-PRS, semi-persistent SL-PRS or aperiodic SL-PRS before discussing high-layer and/or lower-layer signalling involvement in SL-PRS configuration. Different SL-PRS time domain behaviour may result in different control signaling transfer procedures between UE, gNB and LMF. For periodic SL-PRS, we think it is workable for high-layer only signalling (e.g. LMF via LPP signaling or gNB via RRC signaling) for configuring and delivering periodic SL-PRS configuration to UE, this is more suitable for UEs in in-coverage or partial-coverage scenarios. For aperiodic SL-PRS, SCI can be used to trigger the SL-PRS transmission for more resource efficiency, this is more suitable for high traffic load scenarios.
For the brackets “[triggering/request]” in the above agreement, we think “triggering” is more suitable. Normally we say certain procedure (e.g., SL-PRS transmission, IUC report) is triggered by a request or other signaling or when certain conditions are met.
Proposal 18: RAN1 should at least support periodic SL-PRS and aperiodic SL-PRS.
· Periodic SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: Semi-persistent SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· Aperiodic SL-PRS
· SL-PRS is transmitted at least once after triggering

2.4.2 High-layer and lower-layer signaling involvement
Our first priority is to support high-layer and lower-layer signalling involvement in the configuration/activation /triggering/reservation of SL-PRS. It can be used for aperiodic SL-PRS (and semi-persistent SL-PRS if supported) where high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS. 
If sidelink resource collision happens, UEs need to be aware of other UE’s SL-PRS configuration via lower-layer signaling (e.g. SCI). In our understanding, using SCI to schedule/reserve/indicate SL-PRS resource(s) is preferred. A UE (e.g., UE-A) can use SCI to request or transmit SL-PRS resource reservation/configuration to other UEs (e.g., UE-B), then UE-B can detect SCI to further obtain the SL-PRS related information. The following agreement was reached in the last RAN1 meeting
	[CLOSED] Feature Lead Proposal 5.1.1.B-v0
For a dedicated resource pool for positioning,
· The SL-PRS could be indicated to a receiving UE using
· Alt. 1: an SCI received in the same resource pool
· Alt. 2: an SCI received in the same resource pool or some other resource pool 
· Note: the other resource pool could be another dedicated resource pool or a shared resource pool, depending on further agreements.


For SCI configuration, there are two options: (1) each slot includes SCI and SL-PRS similar as SL communication slot design as shown in Figure 2.4-1. (2) one SCI may schedule multiple SL-PRS occasions for overhead reduction as shown in Figure 2.4-2. To be specific:
Option 1: 
As shown in Figure 2.4-1, the SL-PRS is always transmitted along with SCI in the same slot. The characteristics of this option can be summarized as follows:
· A standalone/new SCI design is needed, which includes the time and frequency resource of SCI, information carried in SCI and the association between SCI and SL-PRS resource assignment.
· Bandwidth aspect: In a slot, SCI and SL-PRS is always transmitted in the same slot and apply a TDM manner. Large bandwidth is required for positioning accuracy and SL-PRS may occupy the whole bandwidth within one resource pool. In such case, SCI may have the same bandwidth with that of SL-PRS. However, this may result in a waste of frequency resources.
· Extra AGC or Rx-Tx turnaround symbol: Normally, the transmission power of SL-PRS is different from that of SCI, Rx-Tx turnaround or AGC symbol might needed between SCI and SL-PRS.
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Figure 2.4-1 Each slot includes SCI and SL-PRS
Option 2: 
As shown in Figure 2.4-2, SCI and SL-PRS are not always bounded in the same slot, wherein one SCI can trigger/reserve multiple SL-PRS occasions/samples. The characteristics of this option can be summarized as follows:
· Overhead reduction: As we described in option 1, SCI and SL-PRS are fixed and bounded in every slot can cause resource waste. Moreover, in order to support 1/2/4 samples for SL positioning and increase positioning accuracy, the 1/2/4 SL-PRS samples can share the same SCI. There is no need to have SCI for each sample for overhead reduction.
· High flexibility design of SCI: Either new SCI for SL positioning only or Rel-17 SCI design can be used. Single PSCCH/PSSCH may schedule multiple occasions of SL-PRS transmission. In a dedication SL-PRS resource pool, the SL-PRS could be indicated to a receiving UE using an SCI received in the same resource pool or some other resource pool. And the other resource pool could be another dedicated resource pool, or dedicated resource pool for SCI, or a SL communication resource pool or a shared resource pool. 
· AGC or Rx-Tx turnaround symbol: we do not need to design AGC or Rx-Tx turnaround symbol in each slot between SCI and SL-PRS, thus more resources can be saved and used for SL positioning.
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Figure 2.4-2 SCI triggers 4 SL-PRS samples
To sum up, one SCI scheduling multiple SL-PRS occasions is able to not only avoid resource waste, but also achieve high flexibility design of SCI. Moreover, as we discussed in Section 2.3.1, for the purpose of low-overhead/saving-resource and support of 12 symbol of SL-PRS, we prefer no other channel (e.g., PSCCH, PSSCH) can be included beyond SL-PRS in a dedicated SL-PRS resource pool. Therefore, SCI can be from other resource pools which could be dedicated resource pool for SCI or a SL communication resource pool, instead of the same resource pool as SL-PRS. We have the following proposal:
Proposal 19: At least support using SCI to reserve/indicate SL-PRS resource(s)
· One SCI may schedule multiple SL-PRS occasions for overhead reduction 
· In a dedication SL-PRS resource pool, the SL-PRS could be indicated to a receiving UE using an SCI. 
· The SCI is from another resource pool which could be dedicated resource pool for SCI, or a SL communication resource pool.

2.4.3 High-layer-only signaling involvement
High-layer-only signaling involvement in the configuration/activation/triggering/reservation of SL-PRS is more suitable for periodic SL-PRS. However, it may cause resource waste and resource collision especially for sidelink resource selection scheme 2. If sidelink resource collision happens, UEs need to be aware of other UE’s SL-PRS configuration and how to inform the information without SCI need to be further studied. 
Uu based positioning only supports periodic DL-PRS configuration, we may consider similar design for periodic SL-PRS or high-layer-only signaling involvement of SL-PRS in SL-PRS resource allocation scheme 1. For periodic SL-PRS configuration, since the LMF cannot decide the radio resources, the SL-PRS configuration is generated by each TRP in each NG-RAN node, and LMF gathers the SL-PRS configuration of all the TRPs (from all the NG-RAN nodes), then LMF may distribute the (probably revised) SL-PRS configuration to gNB or UE. Different TRPs within one NG-RAN node can resolve SL-PRS resource overlapping via muting pattern.
Observation 2: High-layer-only signaling involvement in the configuration/activation/triggering/reservation of SL-PRS is more suitable for periodic SL-PRS.
Proposal 20: If periodic SL-PRS or high-layer-only signaling involvement of SL-PRS is supported, how to resolve resource collision should be further addressed and discussed especially for resource selection scheme 2.

2.5 SL positioning resource allocation
According to the agreement made in RAN1#109-e, both Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution) and UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution) are supported for further study. For in-coverage and partial-coverage scenarios, at least one UE is inside the network coverage so both scheme 1 and scheme 2 resource allocation can be applied. For out-of-coverage scenario, the network cannot provide/determine the set of resources used for SL-PRS transmission, then only resource allocation scheme 2 can be applied.
	Agreement in RAN1#110
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

Agreement in RAN1#110b-e
· Study further the granularity of time-domain resource allocation for SL-PRS transmission.


In current Rel-16/17 SL communication, the granularity of time-domain resource allocation for SL-data transmission is slot-based allocation. However, applying the same slot-based allocation for SL-PRS transmission may not be very resource efficient. In section 2.2.2, we discussed the frequency and time domain pattern of a SL-PRS resource, specifically, regarding the value N (comb size) and the number M of SL-PRS symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround, an agreement was reached. With regards to the granularity of time-domain resource allocation for SL-PRS transmission, we suggest to use SL-PRS-resource-based allocation, where each SL-PRS resource includes M <=14 symbols. 
Moreover, AGC training symbol and Rx/Tx turnaround symbol should also be considered for SL-PRS resource allocation if one AGC training symbol and/or one Rx/Tx turnaround symbol is allocated per SL-PRS resource
Proposal 21: With regards to the granularity of time-domain resource allocation for SL-PRS transmission
· Support SL-PRS-resource-based allocation, i.e. M <=14 symbols are configured for each SL-PRS resource
· In addition to SL-PRS symbol(s), AGC training / RxTx Turnaround symbol(s) allocated per SL-PRS resource should also be considered.

2.5.1 Scheme 1 SL-PRS resource allocation
The following agreement was achieved regarding scheme 1 SL-PRS resource allocation:
	Agreement in RAN1#110b-e
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable


For the design of NG-RAN UE SL positioning architecture for scheme 1 SL-PRS resource allocation, LMF should also be part of sidelink positioning to manage the support of different location services for target UEs. Especially when UEs in one positioning session have more than one serving NG-RAN nodes (e.g. gNBs), it is necessary to use LMF to interact with multiple NG-RAN nodes for assistance data information transfer, the capability of NG-RAN nodes transfer and location information transfer. However, current sidelink communication does not need LMF’s participation and clearly LMF does not have any sidelink related information. In order to support LMF’s involvement for sidelink positioning and hybrid positioning, sidelink related information transfer between LMF and gNB should be supported (Figure 2.5-1 shows one possible signaling procedure).
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Figure 2.5-1: Sidelink related information transfer between LMF and gNB
For SL-PRS configuration delivery, there is an FFS in the RAN1#110 agreement saying that if NW is to allocate SL-PRS configuration to scheme 1 UE, whether the SL-PRS configuration should come from gNB and/or LMF. Considering the UE may usually be configured with periodic or aperiodic SL-PRS together, we think a unified design is desired, that is, regardless of periodic/aperiodic/semi-persistent SL-PRS (SL-PRS time-domain behavior), serving gNB of the UE should configure the SL-PRS configuration for UE.
In sidelink resource allocation mode 1 according to TS 38.214 [11], for SL data transmission, dynamic grant, configured grant type 1 and configured grant type 2 are supported.
· For sidelink dynamic grant, the PSSCH transmission is scheduled by a DCI format 3_0. 
· For sidelink configured grant type 2, the configured grant is activated by a DCI format 3_0. 
· For sidelink configured grant type 1, the PSSCH transmission follows the higher layer configuration.
Dynamic grant and CG type2, CG type1 in SL communication correspond to aperiodic SL-PRS, semi-persistent SL-PRS and periodic SL-PRS. In order to support mode 1 resource allocation for SL positioning, DCI can be used to dynamically or semi-persistently schedule the SL-PRS resource(s). We should consider whether a new DCI format is needed: (1) DCI format 3_0 can be reused and extra fields related to SL-PRS transmission should be added to DCI format 3_0. (2) A new DCI format exclusively for SL-PRS can be introduced, the new DCI (e.g., with a CRC scrambled by ‘SL-PRS-RNTI’) can be designed to indicate/select several SL-PRS resource configurations. 
For the periodic SL-PRS configuration (with shares the significant part of current LPP), there exists an issue. Different UEs may belong to different gNB’s reach, when serving gNB provides SL-PRS configuration to scheme 1 UE for transmitting, the scheme 1 UEs with different serving gNBs may possibly acquire SL-PRS configuration with resource conflict. This will lead to an issue that, UEs will have interface with each other when sending the SL-PRS according to the overlapping SL-PRS configuration. 
For example, in Figure 2.5-2, UE 1 to UE m are all in coverage and in the same sidelink positioning session, in which, UE 1 and UE 2 have the common serving gNB as gNB 1, UE 3 has the serving gNB as gNB 2, and so on. UE 1 and UE 2 are configured to adopt scheme 1 and can receive the SL-PRS configuration from gNB 1, UE 3 is configured to adopt scheme 1 and can receive the SL-PRS configuration from gNB 2. UE 1 and UE 2 will not have resource conflict due to the serving gNB 1 can allocate well; however, UE 1/UE 2 and UE 3 will have SL-PRS resource conflict since gNB 1 and gNB 2 will not coordinate SL-PRS configuration of these three UEs. Under this situation, it is straightforward to support LMF to resolve the SL-PRS resource conflict between different scheme 1 UEs in the same sidelink positioning session.
[image: mode 1 UE have different gnb]
Figure 2.5-2. Example of different scheme 1 UEs in the same sidelink positioning session under different gNB’s coverage
Observation 3: Different UEs may belong to different gNB’s reach, when serving gNB provides periodic SL-PRS configuration to scheme 1 UE for transmitting, the scheme 1 UEs with different serving gNBs may possibly acquire periodic SL-PRS configuration with some resource conflict.
Proposal 22: Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. 
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Support using DCI to dynamically or semi-persistently schedule SL-PRS and consider whether a new DCI format is needed.
· Sidelink related information transfer between LMF and gNB should be supported.
· Support LMF to resolve the SL-PRS resource conflict between different scheme 1 UEs in the same sidelink positioning session.

2.5.2 Scheme 2 SL-PRS resource allocation
In SL-PRS resource allocation mode 2, UE selects the candidate resource(s) for SL-PRS transmission in the selection window based on the sensing results. The following agreement was approved in RAN1#110, wherein companies are encouraged to study resource selection mechanism for SL-PRS, Intel-UE coordination(IUC) and SL-PRS congestion control mechanisms.
	Agreement in RAN1#110
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS

[ONLINE] Feature Lead Proposal 5.2.2.A-v4
For Scheme 2, with regards to Resource selection mechanism for SL-PRS, pick one or more of the following options:
· Option 1: A sensing based resource selection should be introduced 
· Option 2: A random resource selection should be introduced
· In either option 1 or 2, the legacy designs (FFS: including IUC scheme with regards to Option 1) for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 
· FFS: Option 3: whether an additional option where Higher-layer resource selection could be included 


For SL-PRS resource allocation mechanism in scheme 2, a sensing-based resource selection should be the baseline. A UE in scheme 2 should first sensing before transmitting SL-PRS in the selection window.
Proposal 23: For Scheme 2, with regards to Resource selection mechanism for SL-PRS, at least a sensing-based resource selection should be introduced.
· The legacy designs should be used as a starting point.
If SCI trigged SL-PRS is applied, problems may exist when there are several SL-PRS occasions transmitting in the sensing window but the scheduling PSCCH/PSSCH is outside the sensing window. In such case, UE is not able to detect the PSCCH/PSSCH transmitted from other UE(s) and cannot obtain other UEs’ SL-PRS configuration and reserved resources in selection window. The UE may further transmit SL-PRS in the resources overlapping with SL-PRS#3 and #4 from the other UE(s). Consequently, the transmission collision happens. So, the situation shown in Figure 2.5-3 should be avoided where SCI triggering SL-PRS is outside the sensing window. 
Hence, the sensing window size should be no less than the interval between two SCIs triggering SL-PRS to make sure at least one SCI is present in the sensing window.
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Figure 2.5-3: No PSCCH/PSSCH in the sensing window

Proposal 24: If SCI trigged multiple SL-PRS occasions is applied, the sensing window size should be no less than the interval between two SCIs triggering SL-PRS.
Moreover, for scheme 2 UE autonomous selection of SL-PRS resources, whether the UE performs resource exclusion or not is not only related to the SL-PRS RSRP measurement and Tx priority (both UEs), but also related to whether the two UEs have positioning signaling interaction. For example, as long as two UEs have no positioning signaling interaction, UEs with different comb offset may transmit SL-PRS resources in the same slot/time. 
As shown in Figure 2.5-4, suppose the SL-PRS comb offset of UE 1 is 0, if UE1 detects in the sensing window that UE 2 (whose SL-PRS comb offset is 3) have time domain resource conflict, UE 1 and UE 2 cannot support an FDM manner for SL-PRS transmission in the selection window if they have to measure SCI/SL-PRS from each other.
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Figure 2.5-4: SL-PRS resources with different comb offset multiplexed in the same slot
Proposal 25: FDMed PRS multiplexing between UEs having positioning serving interaction should NOT be supported.
For UE autonomous SL-PRS resource allocation, inter-UE coordination (IUC) information transfer for sidelink positioning among a number of UEs may be beneficial for maximum resource utilization and minimum resource conflicts. As shown in Figure 2.5-5, UE-A can determine (one or more) resource conflict or determine whether a set of resources are recommended for UE-B’s SL-PRS transmission. Then, the UE-B can take the SL-PRS IUC information for sidelink positioning into consideration before its transmission. Basically, Rel-17 Scheme 1 and 2 IUC procedure can be used as a starting point.
[image: ]
Figure 2.5-5: An example procedure for SL-PRS IUC 
Proposal 26: Study SL-PRS IUC to maximize resource utilization and minimize resource conflicts.
· Use Rel-17 Scheme 1 and 2 IUC procedure as a starting point
	[LOW] Feature Lead Proposal 5.2.2.D-v0
For Scheme 2, at least for the dedicated resource pool for positioning, with regards to congestion control mechanisms for SL-PRS
· Study congestion metrics definition for SL-PRS (e.g. CBR and CR)
· Study which parameters of a SL-PRS configuration could be impacted by the congestion control mechanism
· Note: Companies are encouraged to study the above in conjunction to the resource allocation mechanisms for SL-PRS. 


In the current specification for SL communication, sidelink congestion control is used in sidelink resource allocation mode 2. There are mapping relationship between PSSCH transmission parameter (such as MCS, PRB number, retransmission number, MaxTxPower, CR limit), CBR ranges and priority ranges. Similarly, congestion control mechanisms for SL-PRS can be studied after the design of SL-PRS resource allocation and configuration is determined. For example, during UE SL-PRS resource selection procedure, UE can measure SL-PRS CBR (definition can be further determined). Combining the CBR measurement result and the SL-PRS transmission priority, the corresponding transmission parameter for SL-PRS can be further determined.
Proposal 27: For Scheme 2, open to study the congestion control mechanisms for SL-PRS after the design of SL-PRS resource allocation and configuration is determined.
· Congestion metrics definition for SL-PRS (e.g. CBR and CR)
· The mapping between congestion measurements, SL-PRS priority and SL-PRS transmission parameters.
2.6 Power control for SL-PRS
In TS 38.213 [12], power control has been formulated for physical sidelink control channel (PSCCH) transmission and physical sidelink shared channel (PSSCH) transmission based on UE’s capability and pathloss. For example, the formula for a UE determines a power for a PSSCH transmission is as follows:
 [dBm]
For positioning purpose, anchor UEs transmit SL-PRS to a target UE, the target UE obtains the positioning measurements by measuring SL-PRS. Then, wireless dependent positioning methods can be used to calculate the target UE’s location. However, the transmit power and power control of the SL-PRS is still an open issue. The power of SL-PRS transmission may be different from S-SSB block, PSSCH, PSCCH or PSFCH, then the related discussion is needed for a specific power control formula and related parameters for SL-PRS transmission.
Observation 4: Power of SL-PRS transmission may be different from S-SSB block, PSSCH, PSCCH or PSFCH.




For power control formula, Open Loop power control is supported for PSCCH/PSSCH in current SL communication. However, in order for more flexible control of the SL-PRS transmission power, the close loop power control can also be considered in SL-PRS power control formula. For example, for a SL-PRS transmission, a UE determines a power  in SL-PRS transmission occasion  on active SL BWP  of carrier  as:

 [dBm]






Where the UE’s maximum transmission power  is dependent on UE’s capability, may related to a priority level of the SL-PRS transmission and a SL-PRS CBR range that includes a SL-PRS CBR measured in slot.  and  are the adjustment factor of  and  respectively.
Proposal 28: For SL-PRS transmissions in a dedicated resource pool, with regards to the power control for SL-PRS study both Close Loop PC and Open Loop PC.
Conclusion
In this contribution, we discuss potential solutions for SL positioning, and we have the following observations and proposals:
Observation 1: SL-RTT does not require perfect synchronization among different UEs but its accuracy can be impacted by UE’s clock shift error.
Observation 2: High-layer-only signaling involvement in the configuration/activation/triggering/reservation of SL-PRS is more suitable for periodic SL-PRS.
Observation 3: Different UEs may belong to different gNB’s reach, when serving gNB provides periodic SL-PRS configuration to scheme 1 UE for transmitting, the scheme 1 UEs with different serving gNBs may possibly acquire periodic SL-PRS configuration with some resource conflict.
Observation 4: Power of SL-PRS transmission may be different from S-SSB block, PSSCH, PSCCH or PSFCH.
Proposal 1: With regards to SL-TDOA positioning method for SL-only positioning
· Study the rules/enhancement of SL-TDOA method considering the time synchronization requirement of UEs, selection of the anchor UEs, and the signaling procedures.
Proposal 2: With regards to the RTT-type solutions using SL, it may correspond to either a single-sided or double-sided RTT method
· For double-sided RTT, 
· The error due to clock drift of single-sided RTT is proportional to  whose unit is millisecond and the error of double-sided RTT is proportional to  whose unit is nanosecond.
· Study the spec impact of double-sided RTT including a control signalling to indicate the transmission of the 1st and 2nd TX-to-RX round-trip, measurements of double-sided RTT.
· Note: the above may correspond to RTT with one or multiple devices
Proposal 3: With regards to SL-AoA positioning method,
· SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.
Proposal 4: For SL-AoD positioning method, only support SL-PRS-RSRP and/or SL-PRS-RSRPP measurements and deprioritize the study of SL-PRS beam management.
Proposal 5: Support SL positioning measurement request/report as high-layer signaling.
Proposal 6: Do not support separate SL positioning methods, the following potential elements for sidelink positioning measurement report can be considered:
· One or more sidelink positioning measurement(s): UE Rx-Tx time difference, SL-PRS RSRP, SL-PRS RSRPP, SL-AoA/ZOA, SL-PRS RSTD, SL-PRS RTOA
· Time stamps at which the measurements are performed
· Quality metric(s): timing quality or measurement quality
· Identification Information
· UE information: UE’s ID, PC5 unicast link identifier, V2X service identifier, UE’s application layer ID, destination layer-2 ID, source layer-2 ID, Source user info, target user info, etc.
· SL-PRS information: SL-PRS resource ID and/or SL-PRS resource set ID 
Proposal 7: For pseudorandom-based SL-PRS, further study can focus on sequence initialization functions considering:
· SL-PRS sequence ID: considering UE ID information or CRC for sidelink positioning control information
· Offset in high-bit: when the bit size of SL-PRS sequence ID is larger than 10
· Whether SL-PRS configuration can be associated
Proposal 8: With regards to the value N (comb size) and the number M of SL-PRS symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround, 
· One symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported
· Consider Comb size N > 12, e.g. N = 16, 24, 32 and 64
Proposal 9: At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL-PRS
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used
Proposal 10: Confirm the working assumption, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast, Broadcast.
Proposal 11: In Rel-18, with regards to the relation of the dedicated resource pool for SL-PRS to 
· the BWP of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is associated with the one SL BWP of the carrier 
· the carrier of a SL communication resource pool: 
· Alt. 1: The dedicated SL-PRS resource pool is on the carrier of the SL communication resource pool
Proposal 12: Pool level TDMed restriction between SL-PRS resource pool and SL communication pool should be avoided.
Proposal 13: In Rel-18, only TDM between SL-PRS transmission and SL-data transmission is considered.
Proposal 14: At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, the bandwidth of SL-PRS can be same or smaller than that of the resource pool
Proposal 15: For a dedicated resource pool for SL positioning, no other channel can be included beyond SL-PRS in the resource pool for the purpose of low-overhead/saving-resource and support of 12 symbol of SL-PRS.
Proposal 16: Resource collision should be considered even if dedicated SL-PRS resource pool is configured.
Proposal 17: If SL-PRS shares resource pool with SL communication, extending SL-PRS outside the SL resource pool in terms of frequency domain without impact on backward compatibility should be considered to satisfy the positioning accuracy requirement.
Proposal 18: RAN1 should at least support periodic SL-PRS and aperiodic SL-PRS.
· Periodic SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: Semi-persistent SL-PRS
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· Aperiodic SL-PRS
· SL-PRS is transmitted at least once after triggering
Proposal 19: At least support using SCI to reserve/indicate SL-PRS resource(s)
· One SCI may schedule multiple SL-PRS occasions for overhead reduction 
· In a dedication SL-PRS resource pool, the SL-PRS could be indicated to a receiving UE using an SCI. 
· The SCI is from another resource pool which could be dedicated resource pool for SCI, or a SL communication resource pool.
Proposal 20: If periodic SL-PRS or high-layer-only signaling involvement of SL-PRS is supported, how to resolve resource collision should be further addressed and discussed especially for resource selection scheme 2.
Proposal 21: With regards to the granularity of time-domain resource allocation for SL-PRS transmission
· Support SL-PRS-resource-based allocation, i.e. M <=14 symbols are configured for each SL-PRS resource
· In addition to SL-PRS symbol(s), AGC training / RxTx Turnaround symbol(s) allocated per SL-PRS resource should also be considered.
Proposal 22: Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. 
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Support using DCI to dynamically or semi-persistently schedule SL-PRS and consider whether a new DCI format is needed.
· Sidelink related information transfer between LMF and gNB should be supported.
· Support LMF to resolve the SL-PRS resource conflict between different scheme 1 UEs in the same sidelink positioning session.
Proposal 23: For Scheme 2, with regards to Resource selection mechanism for SL-PRS, at least a sensing based resource selection should be introduced.
· The legacy designs should be used as a starting point.
Proposal 24: If SCI trigged multiple SL-PRS occasions is applied, the sensing window size should be no less than the interval between two SCIs triggering SL-PRS.
Proposal 25: FDMed PRS multiplexing between UEs having positioning serving interaction should NOT be supported.
Proposal 26: Study SL-PRS IUC to maximize resource utilization and minimize resource conflicts.
· Use Rel-17 Scheme 1 and 2 IUC procedure as a starting point
Proposal 27: For Scheme 2, open to study the congestion control mechanisms for SL-PRS after the design of SL-PRS resource allocation and configuration is determined.
· Congestion metrics definition for SL-PRS (e.g. CBR and CR)
· The mapping between congestion measurements, SL-PRS priority and SL-PRS transmission parameters.
Proposal 28: For SL-PRS transmissions in a dedicated resource pool, with regards to the power control for SL-PRS study both Close Loop PC and Open Loop PC.
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