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[bookmark: _Hlk104074592]At the RAN1#110-bis-e meeting, the following agreements were made regarding potential solutions for sidelink positioning [1].
Agreement
· 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

Agreement
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)

Agreement
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.

Agreement
· 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

Agreement
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

Agreement
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.

Agreement
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

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

Agreement
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

Agreement
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.

Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

Agreement
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

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)

Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.

Agreement
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
In this contribution, we present our views on potential solutions for sidelink positioning. The aspects of evaluations of SL positioning, carrier phase positioning and positioning with reduced capability UEs are discussed in the contributions [3] - [6]. 
Discussions on SL positioning methods, measurement, and measurement reports
In the last meeting positioning methods RTT, SL-AoA, SL TDOA and SL-AOD were agreed to be studied. In the following paragraphs we discuss aspects for each for these methods and related measurements. 
One aspect that touches multiple methods is the time synchronization. The time synchronization accuracy defined for SL communication purposes may not be sufficient for SL positioning. Thus, like the case of DL and UL positioning for all methods that do rely on accurate time synchronization, we will need to assume that this can be achieved. In our opinion, this can mainly be assumed for RSU type UEs as these could potentially rely on accurate synchronization using optical fibers. 
SL positioning method RTT
For RTT based methods, both single-sided and double-sided should be studied according to the agreement made during RAN1#110-bis-e [1]. Due to the nature of RTT there is no influence of synchronization accuracy on the relative positioning accuracy. Clock drift between the devices participating in a RTT based exchange can influence the accuracy if the time between both transmissions is large. The same holds true for mobility as the device can move between the transmissions belonging to an RTT based exchange. 
Especially, for scheme-2 SL resource allocation it is (based on SL communication assumption) possible that the time gap between two transmissions belonging to the same RTT can be large. Figure 1 shows the time-of-flight estimation error incurred by clock drift as well as mobility for both single and double sided RTT. Note that for simplicity the time between consecutive transmissions is assumed to be equal for the double sided RTT. The clock drift is assumed to be constant during the whole exchange. Note that as for SL communication an absolute vehicle velocity of 250 km/h was assumed, this means, at least in theory, the relative velocity of two vehicles moving in opposite direction can reach up to 500 km/h. In a real-world environment both the vehicle movement and the clock drift might not be constant during this exchange.
The results in Figure 1 show that due to double sided RTT needing an additional transmission the influence of mobility is higher compared to single sided RTT. On the other hand, for single sided RTT the influence of clock drift is higher. As the absolute value of the incurred timing estimation error increased with the time between the transmissions, it is obvious that it is desired to minimize it. In scheme-1 the network can configure the grants to be in rapid succession. In scheme-2 additional enhancements to the resource allocation procedure might be necessary. 
	(a) Relative clock drift 0.1 ppm[image: ]
	(b) Relative clock drift 0.2 ppm[image: ]


[bookmark: _Ref110854220]Figure 1. Estimation error due to clock drift and mobility for single and double sided RTT.
Double sided RTT can be implemented with an additional message after the initial single sided RTT exchange. This means it is possible to implement double sided RTT utilizing single sided RTT. 
Proposal 1: 
· Prioritize the standardization of single sided RTT.
· Double sided RTT can be implemented using single sided RTT.
· Resource allocation ensures that reception and transmission occasions for RTT are sufficiently close in time.

SL positioning method SL-AoA
One of the remaining open points regarding SL-AoA is the definition of local or global coordinate systems. If SL-AoA is used during ranging, no global coordinate system is available. For absolute positioning it is however required that the SL-AoA is defined referencing a global coordinate system. Therefore, both are needed.  
Proposal 2: 
· The SL-AoA measure is defined with respect to a local coordinate system for ranging.
· The SL-AoA measure is defined with respect to a global coordinate system for absolute positioning.

SL positioning method SL-TDOA
From the synchronization error for different synchronization sources as shown in Table 1, it is obvious that a system that does rely on the SL-communication defined synchronization sources cannot achieve sufficient synchronization accuracy for SL-TDOA. In our understanding SL synchronization enhancements should not be pursued in this study item. This indicates that like for the Uu case accurate synchronization can only be achieved with means outside of 3GPP. Thus, we assume that any device that receives SL-PRS in the case of UL-TDOA like SL-TDOA or transmits SL-PRS in the case of DL-TDOA is highly synchronized. For example, for RSUs it is possible that a connection between them does synchronize them to a degree that the impact of the synchronization error on the SL-TDOA performance is not detrimental. 
[bookmark: _Ref118403033]Table 1. Summary of achievable synchronization accuracy for sidelink for selected synchronization sources.  
	Synchronization source
	Synchronization error in ns

	GNSS
	391

	NR DL 30 kHz SSB SCS (15 kHz SL SCS)
	326

	NR DL 30 kHz SSB SCS (30 kHz SL SCS)
	326

	NR DL 30 kHz SSB SCS (60 kHz SL SCS)
	293

	SyncRef UE 15 kHz SCS
	391

	SyncRef UE 30 kHz SCS
	260

	SyncRef UE 60 kHz SCS
	133



Based on this observation we would like to make the following proposal. 
Proposal 3: 
· It is assumed that UEs requiring high synchronization accuracy for SL-TDOA may be synchronized using methods other than the ones defined for SL communication.

For DL-TDOA like SL-TDOA as shown in Figure 2 multiple UEs transmit to one target UE and this UE compares the timing of arrival for all transmissions to perform positioning. As the transmitting UEs need to be highly synchronized it is likely that this may only be possible for RSUs. Note that not in all cases will it be possible to transmit SL-PRS to the target UE at the same time. This means that the movement of the target UE between the transmissions to the target UE as well as the target UEs’ clock drift directly influence the positioning performance. 


[bookmark: _Ref118447021]Figure 2. DL-TDOA like SL-TDOA.
To mitigate performance degradation of SL-TDOA in the case of DL-TDOA like operation, it is desired that the transmissions from all anchor UEs have a limited time gap between them. For scheme-2 resource allocation this indicates that some prior coordination between the anchor UEs is necessary. 
Proposal 4: 
· Resource allocation ensures that transmission occasions for anchor UEs in the case of DL-TDOA like SL-TDOA are sufficiently close in time.

The procedure to calculate the absolute positioning of DL-TDOA like SL-TDOA can be summarized as follows:
1. Via higher layer signaling all necessary information to facilitate DL-TDOA like SL-TDOA is exchanged. This can include the following information fields related to physical layer procedures
· Absolute positioning of anchor UEs (when available) or PRUs, if involved
· Group cast connection setup
· Resource allocation restrictions for scheme 2 
2. Transmission of reference signals for reception timing estimation from different anchor UEs
3. Calculation of the time difference of arrival for each pair of anchor UEs at the target UE
4. Calculation of absolute position at the target UE itself or forwarding of SL-RSTD measurement to an anchor UE
For UL-TDOA like SL-TDOA as shown in Figure 3, only a single transmission containing reference signals used for positioning is transmitted by the target UE. This means the number of used resources for the reference signals used for positioning is less compared to DL-TDOA. In addition, as this consists of a single transmission mobility or clock drift does not influence the performance. However, in this case multiple messages of the relative time of arrival at the different anchor UEs need to be exchanged. 
The procedure to calculate the absolute positioning of UL-TDOA like SL-TDOA can be implemented in different ways. The first option is using broadcast transmissions of reference signals used for positioning:
1. Target UE is transmitting reference signals used for positioning using broadcast
2. All receiving anchor UEs record the relative time of arrival of the targe UEs transmissions
3. Dependent on where the absolute position should be calculated each anchor UEs does either
· Forward the SL-RTOA information including its own absolute position to the target UE
· Forward the SL-RTOA information to the anchor UE responsible for calculating the absolute position. Note that in this case the absolute position of all neighboring anchor UEs might already be known and thus does not need to be shared in all cases. 
It is also possible that prior to the transmission of the reference signals used for positioning a groupcast connection needs to be setup. In this case the overall procedure to perform absolute positioning could be defined in the following way:
1. Via higher layer signaling all necessary information to facilitate UL-TDOA like SL-TDOA are exchanged. This can include the following information fields related to physical layer procedures
· Absolute positioning of anchor UEs (when available) or PRUs, if involved
· Group cast connection setup
4. Target UE is transmitting reference signals used for positioning using broadcast using groupcast
5. All receiving anchor UEs record the relative time of arrival of the targe UEs transmissions
6. Dependent on where the absolute position should be calculated each anchor UEs does either
· Forward the SL-RTOA information including its own absolute position to the target UE
· Forward the SL-RTOA information to the anchor UE responsible for calculating the absolute position. Note that in this case the absolute position of all neighboring anchor UEs might already be known and thus does not need to be shared in all cases. 



[bookmark: _Ref118450314]Figure 3. UL-TDOA like SL-TDOA.
SL positioning method SL-AoD
In our understanding SL-AoD is mainly attractive for cases with an asymmetric capability in terms of antenna configuration and analog beamforming. This is the case for the Uu link with typically larger numbers of antennas available at a transmitting gNB. For a UE, typically a UE has fewer transmitting antennas than receiving antennas. One potential exception is the case of FR2. However, for SL, the definition of remaining details to fully support SL FR2 have been postponed. In our understanding for FR1 it is possible support angle-based positioning measures using only SL-AoA. Therefore, SL-AoD should be deprioritized till SL FR2 is fully supported with SL beam management. For SL-AoD multiple transmit resource separated in time are desired to allow for angle of departure estimation using different beams. The current definition of SL-PRS resource already targets this and thus there is no problem of extending SL positioning to target SL-AoD in the future. 
Proposal 5: 
· Deprioritize SL-AoD until SL FR2 including SL beam management is supported.

Overview of methods and measures
To combine our view on the topic of methods and measures for SL positioning, Table 2 summarizes our view on the topic per method.
[bookmark: _Ref111186472]Table 2. Summary of SL positioning methods.
	Method
	Sensitive to sync errors?
	Accuracy depends on antenna configuration
	Accuracy improves with BW
	Mobility can degrade performance
	Clock drift can degrade performance

	SL RTT
	No
	No
	Yes
	Yes
	Yes

	SL-AoA
	No
	Yes (Rx)
	No
	No
	No

	SL-TDoA (UL-TDoA like)
	Yes
	No
	Yes
	No
	No

	SL-TDoA (DL-TDoA like)
	Yes
	No
	Yes
	Yes
	Yes

	SL-AoD 
	No
	Yes (Tx)
	No
	Yes
	No



Measurement report
In our understanding the measurement report has the target to transport the measure information. During RAN1#110 a list of parameters of the measurement report was added. However, there can be cases where a UE in certain roles, e.g., a reference or anchor UE, may be aware of its location and may need to provide such information (e.g., latitude/longitude/altitude, or coordinates using GCS/LCS, etc.) to a server UE or to the LMF, e.g., for calculation of absolute positioning for a target UE.
Proposal 6: 
· Add the following information to the list of potential measurement report fields:
· UE location information, that may include latitude/longitude/altitude information, or location coordinates, together with any qualifying information about the location, e.g., associated uncertainty, timestamp, etc. 

Depending on the use case as well as the deployment scenario it might be beneficial to transmit the measurement report on either the PC5 or the Uu interface. In an out of coverage scenario, it will be necessary to transmit the report on the PC5 interface. An example where it is beneficial to transport the measurement report via the Uu interface is the case that measurement is requested by the LMF and thus it would be only reasonable to transmit it via the Uu interface. 
Proposal 7: 
· SL positioning measurement reports can be transmitted on using the PC5 or the Uu interface.

Measurement assistance information
During RAN1#110 meeting, only the content of the measurement reports was discussed. Like the definition of the LMF assistance information it is necessary to also define the related information field for SL positioning. These need to be separately discussed for each measure. Thus, this discussion can be deferred till it is agreed which measures will be supported for SL positioning. 
Proposal 8: 
· Details of measurement assistance information for SL positioning can be addressed during the normative phase. 

1 Discussions on SL-PRS physical structure
1.1 SL-PRS sequence design
At the RAN1#110b-e meeting, it was agreed that for the sequence of the new reference signal for SL positioning/ranging, pseudorandom-based sequence with DL-PRS is used as a starting point [1]. This is mainly motivated to simplify the UE receiver implementation as the algorithm for positioning measurement with DL-PRS can be maximally reused. In addition, PN sequence is more robust to impairments including timing and frequency offset for positioning measurement.  
As defined in Rel-16, DL-PRS sequence is initialized as follows:
	The pseudo-random sequence generator shall be initialised with

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, and  is the OFDM symbol within the slot to which the sequence is mapped.



For SL-PRS transmission, sequence ID for SL-PRS transmission can be (pre-)configured as part of SL-PRS resource configuration. In this case, when Tx UE indicates the SL-PRS resource for SL-PRS transmission via SCI, Rx UE may determine the sequence ID for corresponding SL-PRS sequence generation based on the indicated SL-PRS resource index. This may ensure the security of SL-PRS measurement given that the SL-PRS resource configuration including sequence ID may be communicated between anchor and target UEs with higher layer signaling prior to the SL-PRS transmission.  

Proposal 9: 
· Sequence ID for SL-PRS transmission can be (pre-)configured as part of SL-PRS resource configuration.

1.2 SL-PRS transmission bandwidth 
As agreed in the previous meetings, at least for evaluation of SL positioning, different accuracy requirements under various use cases and scenarios including V2X, public safety, commercial and IIOT are considered [2]. For instance, for evaluation of commercial use-cases for SL positioning solutions, 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative) vertical accuracy for 90% of UEs are considered. Considering the SL positioning requirements with high accuracy targets and the need to support out-of-coverage scenarios, the support of SL-PRS transmission bandwidth at least up to 100 MHz (FR1) and 400 MHz (FR2) would be necessary. This is also corroborated by evaluation results so far for SL positioning for the identified use-cases.
On the other hand, the bandwidths assumed for Rel-16 V2X/SL and Rel-16 positioning studies that include at least 20 MHz (e.g., ITS band) should also be considered. It may be challenging to support high accuracy positioning performance with limited SL-PRS transmission bandwidth configurations unless multiple positioning methods, including non-NR-based methods (e.g., GNSS-RTK assistance data) or enhanced methods like bandwidth aggregation, etc. are considered.
At the RAN1#110b-e meeting, two alternatives were agreed regarding the bandwidth of SL-PRS transmission within a dedicated resource pool [1]: 
· 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
It is evident that Alt. 1 can allow flexible resource allocation for SL-PRS transmission within a dedicated resource pool. However, when allocating limited bandwidth for SL-PRS transmission, this would clearly degrade the SL positioning performance. If the bandwidth of SL-PRS is smaller than that of the dedicated resource pool, remaining resources in frequency domain may be wasted, especially when considering that only SCI and SL-PRS are multiplexed in the dedicated resource pool. In this regard, it would be more desirable to support same SL-PRS transmission bandwidth as that of the dedicated resource pool. 
Note that in Rel-16, only a single SL BWP within a carrier was defined for SL communication. For SL-PRS transmission, the same design principle can be reused, i.e., same SL BWP can be considered in case of dedicated resource pool for SL-PRS transmission. When a UE supports both SL positioning and communications simultaneously, this mechanism may help to avoid frequent BWP switching between resource pools for SL communication and positioning. Hence, in our view, single SL BWP is used for SL communication resource pool and dedicated resource pool for SL-PRS. 

Proposal 10: 
· For SL positioning, specification should support up to 100 MHz and 400 MHz SL-PRS transmission bandwidths for FR1 and FR2 , respectively. 
· The bandwidth of SL-PRS shall be the same as that of the resource pool.
· Single SL BWP is used for SL communication resource pool and dedicated resource pool for SL-PRS.

1.3 SL-PRS pattern in frequency domain
At the RAN1#110b-e meeting, it was agreed to consider potential candidate values {1,2,4,6,8,12} for the comb size N. It is FFS whether to consider N > 12 as a potential candidate value [1]. Note that both fully and partially staggered patterns for SL-PRS can offer good flexibility for the support of multiplexing multiple SL-PRS transmissions in the same time instance. With a large value of comb size, e.g., N = 16, this can further increase the multiplexing capacity, especially when considering the potential in band emission (IBE) issue for sidelink transmission. Given the fact that the distance between UEs may be relatively short for SL positioning, partially staggered pattern with N = 16 and M = 8 may still deliver decent positioning performance. 
Based on the agreements in the last meeting, pseudorandom-based sequence is used for SL-PRS sequence generation, and DL PRS is considered as a starting point [1]. In this regard, it is straightforward to follow the same design principle for RE offset sequence when mapping the SL-PRS into different symbols for SL-PRS transmissions. However, given the fact that PSCCH and SL-PRS may be multiplexed in a TDM manner in a dedicated resource pool, it is expected that relatively large number of symbols allocated for SL-PRS transmission within a slot may not be feasible. For instance, assuming 1 symbol for AGC and guard time for Tx-Rx turnaround, respectively and 2 symbols for PSCCH transmission, it may not be possible to support M = 12 for SL-PRS transmission within a slot. 
Note that depending on the number of symbols (pre-)configured for a SL-PRS resource, multiple SL-PRS resources may be multiplexed in a TDM manner within a dedicated resource pool for SL-PRS transmission. In this case, the basic granularity of time-domain resource allocation for SL-PRS transmission should be based on a SL-PRS resource. 
Proposal 11: 
· N > 12 can be considered as potential candidate value for SL-PRS.
· Granularity of time-domain resource allocation for SL-PRS transmission is based on SL-PRS resource
· Existing RE offset sequence for DL-PRS can be considered as a starting point for RE offset sequence for a SL-PRS transmission. 

1.4 AGC and guard symbols for SL-PRS
Similar to SL communication, when a SL-PRS is transmitted in a dedicated SL-PRS resource pool, AGC and guard symbols need to be inserted before and after SL-PRS transmission to allow proper operation at the UE side, respectively. In addition, one symbol can be used for AGC and Tx-Rx turnaround time for SL-PRS transmission. 
As mentioned above, multiple SL-PRS transmissions can be multiplexed in a TDM manner within a dedicated SL-PRS resource pool to allow a higher multiplexing capacity. In case when multiple SL-PRS are transmitted from different UEs, additional AGC and Tx-Rx switching time may need to be included. Figure 4 illustrates one example of AGC and guard symbols for SL-PRS transmission in a dedicated resource pool. In the example, two symbols are allocated for AGC and Tx-Rx turnaround time, respectively. 
[image: ]
[bookmark: _Ref110425593]Figure 4. AGC and Tx-Rx turnaround symbols for SL-PRS transmissions.
Proposal 12: 
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL-PRS transmission in a dedicated SL-PRS resource pool.
· Multiple AGC and guard symbols can be considered if SL-PRS transmissions from different UEs are multiplexed in a TDM manner. 

2 Discussions on SL-PRS resource pool
2.1 SL positioning resource configuration
At the RAN1#110 meeting, it was agreed to down-select from the following alternatives for SL positioning resource configuration [1]:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-) configured for SL-PRS
For dedicated resource pool for SL-PRS, efficient multiplexing of SL-PRS transmission from multiple UEs can be achieved, especially when considering that SL-PRS transmissions are not accompanied by PSSCH transmissions. With such a clear resource portioning and decoupling of the transmission between SL positioning and SL communication, backward compatibility can be easily ensured. This option, however, may lead to degraded spectrum efficiency for SL communication given that certain amount of resource needs to be allocated for SL-PRS. 
On the other hand, for with shared resource pool with sidelink communication, SL-PRS transmission may be multiplexed with PSSCH in a slot, which is analogous to CSI-RS transmission in the SL communication as defined in Rel-16. In this case, dedicated SL-PRS resource pool is not needed, which can help improve spectrum efficiency and alleviate the congestion issue for SL communication, at least for scenarios when BW requirements for SL positioning and SL communications may be comparable. 
Based on the discussions above and considering the design trade-off between spectrum efficiency, congestion and positioning accuracy, in our view, Alt. 2 with either dedicated resource pool for SL-PRS and or shared resource pool with sidelink communication can be considered for SL positioning. 
Proposal 13: 
· For SL positioning resource allocation, Alt. 2 is supported, i.e., either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-) configured for SL-PRS.

2.2 Dedicated SL-PRS resource pool
For dedicated resource pool for SL-PRS, it is more appropriate to multiplex SL-PRS resource pool and SL communication resource pool in a TDM manner. Note that if SL-PRS and SL communication resource pool are multiplexed in a FDM fashion, this may result in degraded positioning performance due to the potential narrow bandwidth allocated for SL-PRS transmission. In addition, if the number of symbols for SL-PRS and SL communication resource pool is different or if multiple SL-PRS transmissions from different UEs are multiplexed in a TDM manner in the SL-PRS resource pool, Rx power variation for SL communication can be expected. This may lead to backward compatibility issue for legacy UE for SL communication. 
At the RAN1#110b-e meeting, several options were identified for the channels that can be included in a dedicated resource pool for SL positioning [1]: 
· 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
Note that as agreed in the RAN1#110b-e meeting, SCI can be used for reserving/indicating one or more SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning [1]. Following the agreement, it is clear that at least PSCCH needs to be included with corresponding SL-PRS transmissions in the dedicated resource pool to enable flexible resource allocation. 
For Option 1 where only SL-PRS is included in a dedicated resource pool, if cross resource pool based SL-PRS scheduling is allowed where SCI from SL communication resource pool is used to schedule the transmission of SL-PRS in a dedicated resource pool, the coupling of SL communication and positioning would complicate the overall procedure for SL positioning. Further, it may not be even feasible for this option in case of a stand-alone SL positioning. 
For Option 3, PSSCH associated with SL-PRS transmission is also included in a dedicated resource pool. The PSSCH may include the 2nd stage SCI or certain SL positioning related measurement report. In our view, for a dedicated resource pool, 2nd stage SCI may not be needed given that all the contents for SCI for scheduling SL-PRS transmission may be carried by the PSCCH. Further, SL positioning related measurement can be simply transmitted using well established SL communication framework. In this regard, it may be more desirable not to include PSSCH in the dedicated resource pool for SL-PRS transmission. 
Based on the discussions above, in our view, only Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included is supported for SL-PRS in a dedicated resource pool.  
Proposal 14: 
· For dedicated resource pool for SL-PRS, Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included, is supported. 

As defined in Rel-16, PSCCH and PSSCH can be multiplexed in a same symbol for SL communication. However, given that different SL-PRS resources in a SL-PRS resource pool may be (pre-)configured with different comb offsets in frequency, multiplexing SL-PRS and PSCCH transmission in a same symbol may not be preferred. This is primarily due to the fact that in case PSCCH and SL-PRS are allocated in the same symbol, the number of PRBs for SL-PRS transmission can be limited, which would have adverse impact on the positioning performance. 
To address this issue, PSCCH and SL-PRS transmission can be multiplexed in a TDM manner in a dedicated SL-PRS resource pool. Figure 5 illustrates one example of multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool. In the figure, as transmission bandwidth of PSCCH and SL-PRS can be generally different, a AGC symbol may need to be inserted between PSCCH and SL-PRS. 
[image: ]
[bookmark: _Ref110328338]Figure 5. Multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool.

Proposal 15: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner.

2.3 Shared resource pool for SL-PRS and SL communication
At the RAN#110b-e meeting, it was agreed that 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 [1]. To ensure the backward compatibility, the same BW is used for the SL-PRS transmission and the associated PSSCH. In case of shared resource pool for SL-PRS and SL communication, a new 2nd stage SCI format with SL-PRS scheduling may need to be introduced. 
During the RAN1#110b-e meeting, it was discussed whether non-consecutive symbols can be allocated for SL-PRS transmission within a shared resource pool. In our view, like CSI-RS transmission in SL communication, large number of symbols for SL-PRS transmission may not be expected given the fact that multiplexing between different SL-PRS transmission is not needed. In this case, a limited subset of {N, M} that can be supported for SL-PRS in a dedicated resource pool can be considered for SL-PRS in a shared resource pool. 
Figure 6 illustrates one example of multiplexing of PSSCH and SL-PRS in a shared resource pool. Note that the SL-PRS is only present in OFDM symbols without PSCCH or PSSCH DMRS.
[image: ]
[bookmark: _Ref110335514]Figure 6. Multiplexing of PSSCH and SL-PRS in a shared resource pool

Proposal 16: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.
· SL-PRS and PSSCH/PSCCH are multiplexed in a TDM manner
· Only consecutive symbols for a SL-PRS transmission are supported. 

Discussions on SL-PRS resource allocation 
It was agreed to study both dedicated and shared resource pools as well as scheme-1 and scheme-2 resource allocation for both cases. As backward compatibility in a shared pool was agreed during RAN1#110b-e [1], this means that regarding resource allocation in a shared resource pool, resource allocation schemes defined for SL-communication should be reused, however some enhancements for RTT based exchanged could be included. For a dedicated resource pool both scheme-1 and scheme-2 need to be defined. In addition, for all resource pool configuration the handling of the message report needs to be defined. 
We would like to stress that for Rel-16/17 SL communication the definition for receiving SL communication was always the same irrespective of whether mode-1 or mode-2 was used. In our view, the same should hold true for SL positioning. Due to the agreed backward compatibility this is implicitly already the case for shared resource pools. However, we would like to agree that this is the case for both shared and dedicated resource pools. 
Proposal 17: 
· From a receiver’s perspective there should be no difference between scheme-1 and scheme-2 for SL positioning.

During RAN1#110b-e regarding scheme-1 resource allocation the following options were discussed:
· 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 option 1 higher layers are transmitting the resource allocation to the Tx UE. However, as higher layers use the PDSCH as a transport layer it is not clear how a timely arrival of the resource allocation information can be guaranteed as PDSCH transmissions always include a HARQ procedure as well as they are subject to scheduling constraints. 
Option 2 represents the operation of SL communication for mode-1. As there are already established procedures for mode-1 operation these can be reused without additional considerations. However, the signaling fields need to be updated to enable correct identification of the SL-PRS resources especially for a dedicated resource pool.
Proposal 18: 
· For scheme-1 resource allocation the mode-1 procedures for Rel-16 SL communication are reused. 

Shared resource pool
In the case of shared resource pool, the requirement of backward compatibility is limiting the possibilities of the resource allocation for positioning. For both scheme-1 and scheme-2 periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are possible without any changes to current resource allocation schemes. This does allow the use of all Rel-16/17 features regarding resource allocation. 
Proposal 19: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For the case of scheme-1 operation in a shared resource pool the existing methods can be reused for resource allocation. More specifically, the similar design of the NR DCI scheduling periodic, aperiodic, or semi-persistent transmissions containing SL-PRS as defined for Rel-16 can be reused. However, certain design changes may need to be considered on the DCI formats for the related SL-PRS signalling. The main target for of this is to support a gNB directly allocating resources for SL-PRS transmissions and thus enabling the coordination of SL-PRS transmissions from multiple UEs. 
Proposal 20: 
· [bookmark: _Hlk110946120]For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· Include format to signal SL-PRS for a shared resource pool allocation. 

Scheme-2
For the case of scheme-2 operation in a shared resource pool, the same resource allocation procedure defined for SL communication in Rel-16/17 are also applicable to SL-PRS transmissions. However, as shown in the description for the RTT based ranging method, using the resource allocation defined for SL communication could lead to long time gaps that may introduce significant ranging errors. Thus, it is worthwhile to study if enhancements are necessary for this case. 
Proposal 21: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, reuse of the resource allocation methods defined for SL communication for single shot transmissions is considered as a starting point.
· Depending on the required mobility and allowed clock drift enhancements for RTT based exchanges are necessary. 

Dedicated resource pool
For a dedicated resource pool, the same functionality as for a shared resource pool should be supported. This means that both periodic, aperiodic, and semi-persistent transmissions of SL-PRS resource are supported for scheme-1 and scheme-2. 
Proposal 22: 
· For SL-PRS transmissions in a dedicated resource pool periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For scheme-1 operation in a dedicated resource pool, the resource allocation should be defined in a similar way as for mode-1 SL communication. This indicates that the SL-PRS transmissions are scheduled via the DCI. In this case, a new DCI format may need to be defined for SL-PRS resource allocation. 
Proposal 23: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, study the use of DCI signaling for SL-PRS resource allocation. 

Scheme-2
In the case of a dedicated resource pool and UE-autonomous resource selection (scheme-2), the main target is to avoid colliding transmissions. As for the shared resource pool, periodic as well as aperiodic and semi-persistent transmissions should be enabled. This also indicates that a sensing procedure for positioning resource needs to be established. In the same way as for SL communication, the reserved SL-PRS resource will need to be signalled for sensing.  	
Proposal 24: 
· For scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool including sensing, resource exclusion, and resource selection methods should be introduced. 

In our view, one of the motivations to consider dedicated SL PRS resource pools is to multiplex multiple SL-PRS transmissions spanning the full available bandwidth in a slot. This means that, depending on the relative numbers of UEs multiplexed via FDM for SCI transmission and those multiplexed via FDM (e.g., using different comb offsets) vs those multiplexed in time (different symbols), the half-duplex problem may be significant and might have a larger impact on the resource sensing, e.g., for scenarios when a limited number of UEs is multiplexed using different comb offsets due to IBE considerations. In essence, the half-duplex problem becomes exacerbated if the number of UEs that are multiplexed in frequency subchannels for SCI transmission (when they may not be able to receive other UEs’ SCI) and the number of UEs that are multiplexed in time/frequency for the SL-PRS transmissions are not balanced well. This is shown with a simplified illustration in Figure 6.
[image: ]
Figure 6. A simplified example to illustrate the half-duplex issue when two UEs are multiplexed in frequency for SCI transmissions but in time for SL-PRS transmissions. Although the UEs’ SL-PRS transmissions are multiplexed to allow mutual reception of both SL-PRS, the associated SCIs may not be received due to half-duplex constraint. Although not shown in this example, this can also lead to cases when the SL-PRS transmissions may collide.


· Depending on the number of available SL-PRS resources in a dedicated resource pool the half duplex problem for measurements as well as sensing can occur more frequently. 

Sensing based operation can be well-suited to protect periodic SL-PRS transmissions. In contrast to aperiodic transmissions these can be predicted based on past observations. For aperiodic transmissions, there is a high likelihood that transmission form different devices collide, especially if the dedicated resource pool resources are limited. This is also the case for SL communication, but for a dedicated SL-PRS resource pool the number of collisions can increase given the multiplexing restrictions and the limited number of resources available. This is especially relevant for positioning methods that require multiple transmissions as they should occur in short succession due to mobility and/or clock drift.

· For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.

To resolve the potential increased conflicts of aperiodic transmissions in a dedicated resource pool there are two solution directions. It is either possible to use blind retransmissions/HARQ or a mechanism to resolve the conflict before it occurs. During Rel-17 in the definition of IUC scheme 2 a way to resolve conflicts in reservation of resource was introduced. A similar concept can be introduced to resolve the SL-PRS reservation conflicts. However, as the available SL-PRS resources may be limited in many scenarios of interest, this should rely on a pre-reservation of resources before the transmission in the dedicated SL-PRS resource pool. 
Proposal 25: 
· Study the definition of pre-reservation of SL-PRS transmissions in the communication resource before the transmission in a dedicated resource pool.  
· Conflicts for the pre-reservation are resolved like IUC scheme 2. 

Discussions on procedure for SL positioning
SL-PRS power control and congestion control
During RAN1#109-e, power control was agreed to be studied. At this stage for a shared resource pool, it is clear that to avoid a transient time within the slot, the power and PSD of the OFDM symbols with SL-PRS and the one with only PSSCH or PSCCH need to be the same. Thus, for a shared resource pool, the power control of the SL-PRS needs to follow the PSSCH power. In a dedicated resource pool, the power control for SL-PRS transmission can follow the same open loop power control principles as SL communication. However, the physical structure of the SL-PRS transmissions in a dedicated resource pool needs to be defined first to determine the SL-PRS power control mechanism. 
Proposal 26: 
· For SL-PRS transmissions in a shared resource pool, the power control mechanism of the PSSCH transmission associated with the SL-PRS transmission is used. 
· For SL-PRS transmissions in a dedicated resource pool, the power control mechanism follows the open loop power control principles of the power control for SL communication.
	
In addition to power control, congestion control mechanism needs to be considered at least for the operation in ITS bands. For a shared resource pool, the measures and definitions of SL communication would apply. In particular, CBR can be measured in the same way as for Rel-16/17 SL communication and the same CR limits can apply. For a dedicated resource pool this study needs to be deferred till it is clear how the physical structure of such a resource pool is designed. 
Proposal 27: 
· Congestion control mechanisms for SL positioning in a dedicated resource pool are considered further.
· Congestion control for SL positioning in a shared resource pool follows the congestion control measures and definitions of SL communication.


Intra-UE prioritization involving SL-PRS transmissions
For SL communication, various intra-UE prioritization mechanisms were defined. They manage the handling of transmission and reception on the PC5 and Uu in one device. For SL positioning, it needs to be considered further on how to include SL positioning transmission/reception into the SL intra-UE prioritization framework.
Proposal 28: 
· How to include SL positioning transmission/reception into the SL intra-UE prioritization framework are considered further. 

Beam management 
The topic of including FR2 beamforming-based positioning solution for SL position was discussed. As the discussion for the topic of FR2 beam management has not been even started for SL communication in FR2, we do not see a need to start discussions on this topic till a solution for beam management for SL communication is agreed. 
Proposal 29: 
· Deprioritize SL positioning discussions related to FR2 beam management till this feature is defined for SL communication.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed potential solutions for sidelink positioning. Further, we summarize the proposals as follows:
Proposal 1: 
· Prioritize the standardization of single sided RTT.
· Double sided RTT can be implemented using single sided RTT.
· Resource allocation ensures that reception and transmission occasions for RTT are sufficiently close in time.
Proposal 2: 
· The SL-AoA measure is defined with respect to a local coordinate system for ranging.
· The SL-AoA measure is defined with respect to a global coordinate system for absolute positioning.
Proposal 3: 
· It is assumed that UEs requiring high synchronization accuracy for SL-TDOA may be synchronized using methods other than the ones defined for SL communication.
Proposal 4: 
· Resource allocation ensures that transmission occasions for anchor UEs in the case of DL-TDOA like SL-TDOA are sufficiently close in time.
Proposal 5: 
· Deprioritize SL-AoD until SL FR2 including SL beam management is supported.
Proposal 6: 
· Add the following information to the list of potential measurement report fields:
· UE location information, that may include latitude/longitude/altitude information, or location coordinates, together with any qualifying information about the location, e.g., associated uncertainty, timestamp, etc. 
Proposal 7: 
· SL positioning measurement reports can be transmitted on using the PC5 or the Uu interface.
Proposal 8: 
· Details of measurement assistance information for SL positioning can be addressed during the normative phase. 
Proposal 9: 
· Sequence ID for SL-PRS transmission can be (pre-)configured as part of SL-PRS resource configuration.
Proposal 10: 
· For SL positioning, specification should support up to 100 MHz and 400 MHz SL-PRS transmission bandwidths for FR1 and FR2 , respectively. 
· The bandwidth of SL-PRS shall be the same as that of the resource pool.
· Single SL BWP is used for SL communication resource pool and dedicated resource pool for SL-PRS.
Proposal 11: 
· N > 12 can be considered as potential candidate value for SL-PRS.
· Granularity of time-domain resource allocation for SL-PRS transmission is based on SL-PRS resource
· Existing RE offset sequence for DL-PRS can be considered as a starting point for RE offset sequence for a SL-PRS transmission. 
Proposal 12: 
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL-PRS transmission in a dedicated SL-PRS resource pool.
· Multiple AGC and guard symbols can be considered if SL-PRS transmissions from different UEs are multiplexed in a TDM manner. 
Proposal 13: 
· For SL positioning resource allocation, Alt. 2 is supported, i.e., either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-) configured for SL-PRS.
Proposal 14: 
· For dedicated resource pool for SL-PRS, Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included, is supported. 
Proposal 15: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner.
Proposal 16: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.
· SL-PRS and PSSCH/PSCCH are multiplexed in a TDM manner
· Only consecutive symbols for a SL-PRS transmission are supported. 
Proposal 17: 
· From a receiver’s perspective there should be no difference between scheme-1 and scheme-2 for SL positioning.
Proposal 18: 
· For scheme-1 resource allocation the mode-1 procedures for Rel-16 SL communication are reused. 
Proposal 19: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 20: 
· For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· Include format to signal SL-PRS for a shared resource pool allocation. 
Proposal 21: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, reuse of the resource allocation methods defined for SL communication for single shot transmissions is considered as a starting point.
· Depending on the required mobility and allowed clock drift enhancements for RTT based exchanges are necessary. 
Proposal 22: 
· For SL-PRS transmissions in a dedicated resource pool periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 23: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, study the use of DCI signaling for SL-PRS resource allocation. 
Proposal 24: 
· For scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool including sensing, resource exclusion, and resource selection methods should be introduced. 
Proposal 25: 
· Study the definition of pre-reservation of SL-PRS transmissions in the communication resource before the transmission in a dedicated resource pool.  
· Conflicts for the pre-reservation are resolved like IUC scheme 2. 
Proposal 26: 
· For SL-PRS transmissions in a shared resource pool, the power control mechanism of the PSSCH transmission associated with the SL-PRS transmission is used. 
· For SL-PRS transmissions in a dedicated resource pool, the power control mechanism follows the open loop power control principles of the power control for SL communication.
Proposal 27: 
· Congestion control mechanisms for SL positioning in a dedicated resource pool are considered further.
· Congestion control for SL positioning in a shared resource pool follows the congestion control measures and definitions of SL communication.
Proposal 28: 
· How to include SL positioning transmission/reception into the SL intra-UE prioritization framework are considered further. 
Proposal 29: 
· Deprioritize SL positioning discussions related to FR2 beam management till this feature is defined for SL communication.
Observation 1: 
· Depending on the number of available SL-PRS resources in a dedicated resource pool the half duplex problem for measurements as well as sensing can occur more frequently. 
Observation 2: 
· For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.
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