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1 Introduction
In this contribution, we discuss about SL positioning solutions for Rel-18 study on expanded and improved NR positioning and provide our view. 
2 Discussion
In the SID [1], the following objective is included regarding the potential solutions for SL positioning:
	· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]


In the following subsections, we discuss about SL positioning methods/measurements, SL positioning reference signal (SL PRS), resource allocation of SL PRS, and procedure for SL positioning in order.
2.1 SL positioning methods and measurements
In RAN1#110bis-e meeting [2], the following agreement was made for SL positioning methods and measurements as:
	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
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.


Among the positioning methods listed in the above agreement, SL-TDOA requires very accurate time synchronization between anchor UEs. The evaluation results in our companion contribution [3] shows that with synchronization error between anchor UEs, it is difficult to satisfy the target horizontal accuracy. However, achieving high synchronization accuracy between multiple anchor UEs is very difficult and expensive. Unlike in Uu, we cannot simply assume that perfect synchronization between anchor UEs transmitting or receiving SL-PRS. The anchor UEs can have a difference clock source with different accuracy level. Specifically, depending on the oscillator type equipped to anchor UEs, its clock accuracy level will be different [4]. It is important to note that clock source’s accuracy should be guaranteed in certain level for SL-TDOA in order to satisfy SL positioning accuracy requirement. Therefore, we propose
Proposal 1: For SL-TDOA, the clock source’s accuracy should be taken into account to mitigate impact of synchronization error between multiple anchor UEs.
· FFS: (pre-)configuration of the clock source’s accuracy requirement/threshold or signalling of UE’s clock source accuracy status
· FFS: How to select anchor UEs to mitigate impact of synchronization error
Depending on SL environments, the number of available measurement sources for positioning can be limited especially for OoC scenario and its quality can deteriorate when both anchor UEs and a target UE are moving. The evaluation results in our companion contribution [3] shows that the target UE’s selection of measurement sources (i.e. anchor UE/RSU) is important for achieving high positioning accuracy. Similarly, it would be necessary for the target UE to decide whether to perform absolute positioning or relative positioning or ranging depending on availability and quality of measurement source(s). 
Proposal 2: In SL positioning, a target UE decides whether to perform absolute positioning or relative positioning or ranging depending on availability and quality of measurement source(s).
2.2 SL positioning reference signal
In this section, we discuss about SL positioning reference signal (SL PRS) design. The SL PRS design would be a key factor for providing high positioning accuracy.
SL PRS pattern
In RAN1#110bis-e meeting [2], the following agreement was made for SL PRS pattern as:
	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



In the above agreement, it is FFS for the potential candidate values of M. Uu PRS supports the symbol length M={2,4,6,12} while Uu SRS supports the symbol length M={1,2,4,8,12}. These M value can be considered at first. However, other new M values can be considered also if it's necessary is clearly identified. Also, it is FFS for consecutive and/or non-consecutive SL PRS symbols for shared resource pool (if supported). In our understanding, the motivation for the non-consecutive SL PRS symbols is due to the limited symbol locations when we consider the existing slot structure for SL communication. We understand that the possible location for SL PRS symbols is limited for the shared resource pool with SL communication. However, it is not clear how much performance gain we can achieve when we allow non-consecutive SL PRS symbols in the existing slot structure for SL communication. Instead, we can consider to design new slot structure to accommodate consecutive SL-PRS symbols if large M value is necessary for SL PRS in the shared pool with SL communication. It is important to note that the motivation of SL PRS transmission in the shared pool is for efficient resource utilization by sharing the resource pool with SL communication even though it can have low flexibility of SL PRS transmission. 
Proposal 3: 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 number of SL-PRS symbols in a slot, the potential candidate values of M can be {1, 2, 4, 6, 8, 10, 12}
· FFS: other values for M
· The symbols of a SL-PRS resource within a slot are consecutive symbols for both dedicated and shared resource pool
SL PRS configuration
In RAN1#110bis-e meeting [2], we discussed about SL PRS configuration but we could not reach a consensus. A UE may receive at least part of SL PRS related configuration from higher layers. This can include (pre-)configuration. Specifically, for SL PRS configuration, the following parameters can be considered as: 
· PRS comb size (N) 
· PRS symbol length (M)
· PRS comb offset
· PRS muting pattern
· PRS repetition 
· PRS time domain behaviour and transmission periodicity
In the above list, PRS comb size/comb offset and muting pattern (only for Uu PRS) are to avoid interference. Multiple comb size (N) can be supported for SL PRS. In this case, we need to decide how to configure the comb size (N) for SL PRS transmission. The comb offset and muting pattern can be studied further whether it is necessary or not for SL PRS. Next, the PRS symbol length and repetition over slot are to enhance positioning performance. Multiple PRS symbol length (M) and repetition factor can be considered for SL PRS. In this case, we need to decide how to configure M and repetition factor for SL PRS transmission Also, PRS time domain behaviour can be configured whether it’s transmission is periodic, semi-persistent, or aperiodic. For periodic SL PRS transmission, it’s periodicity can be configured. 
In addition, we need to consider the bandwidth configuration of SL PRS. It can be defined in a unit of sub-channels based on the existing SL resource pool as
· Starting PRB and the number of subchannels for SL PRS
Furthermore, we need to consider the maximum power configuration for SL PRS. It can be used for PRS interference mitigation. Lastly, we can consider to configure the latency bound for SL PRS transmission or measurement report in order to handle delayed responses. For example, when SL PRS is requested, its PRS transmission can be delayed more than a certain level. We can minimize or handle this delayed response by configuring the latency bound. Based on the discussion above, we suggest the following
Proposal 4: With regards to the configuration of SL PRS, a UE may receive at least part of SL-PRS related configuration from higher layers
· FFS: which part(s) of the SL-PRS configuration such as
· SL PRS comb size
· SL PRS symbol length 
· SL PRS comb offset
· SL PRS muting pattern
· SL PRS repetition 
· SL PRS time domain behaviour and transmission periodicity
· Starting PRB and the number of subchannels for SL PRS
· SL PRS max power 
· Latency bound for SL PRS transmission or measurement report
· Note: This includes the (pre-)configuration case also.
2.3 SL positioning resource allocation
In this section, we discuss about resource allocation for SL positioning. In order to enable SL positioning, SL resources for positioning should be configured and allocated to UE. 
Dedicated VS. Shared resource pool
In RAN1#110 meeting [5], the following agreement was made about dedicated and shared resource pool for SL positioning as:
	Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· 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
Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed


For Alt. 1, SL positioning resources can be protected from the interference of data transmission by utilizing the dedicated resource pool. However, it will have inefficiency in the respect of resource utilization since two separate resource pools are necessary; one is for positioning and another is for SL communication. Also, this can increase UE complexity to perform resource allocation procedures for two different pools, independently. If the shared resource pool(s) with SL communication is used for SL positioning, positioning accuracy can be degraded due to limited bandwidth and from the interference and collisions that occur by co-located data transmissions. However, it is good for resource utilization efficiency by sharing the resource pool for SL data transmission and SL positioning. Since the dedicated and shared resource pool for SL positioning have its unique pros and cons, we think that Alt. 2 can be supported.
Proposal 5: Either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
Scheme 1 and Scheme 2 resource allocation for SL-PRS
In RAN1#110 meeting [5], it was decided to support both Scheme 1 and Scheme 2 resource allocation for SL positioning as:
	Agreement
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


Also, the following agreement was made in RAN1#110bis-e meeting [2] for Scheme 1 (network centric SL-PRS resource allocation) as:
	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


For Scheme 1, gNB and/or LMF can make a decision for SL PRS resource allocation according to the agreement above. However, further RAN2 study is required to determine the role of LMF for SL positioning resource allocation. Therefore, it is better to decide in RAN2 which entity (e.g. gNB, LMF, gNB & LMF) allocates resources for SL PRS considering the SL positioning architecture and signalling overhead/latency aspects. In Scheme 1, if the SL PRS resource is allocated by gNB and/or LMF, its information should be indicated to UE by DCI.
Proposal 6: In Scheme 1 (network centric SL-PRS resource allocation), gNB and/or LMF makes a decision for SL PRS resource allocation and the corresponding information is indicated to UE by DCI.
· It is up to RAN2 whether Scheme 1 is performed at gNB and/or LMF.
In addition, the following agreement was made in RAN1#110 meeting [5] for Scheme 2 (UE autonomous SL-PRS resource allocation) as:
	Agreement
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


For the resource selection mechanism for SL PRS, we prefer to use Rel-16 Mode-2 procedure as a starting point and further study if additional enhancements are needed. However, the corresponding information for selected SL PRS resources needs to be indicated by 1st SCI. For inter-UE coordination (IUC) for SL PRS resource allocation, it can be based on Rel-17 IUC procedure that UE indicates preferred/non-preferred SL PRS resources or detected collision between SL PRS and data. In addition, the possibility of a target UE scheduling SL PRS resource to the anchor UE(s) could also be further studied. Considering IUC is an optimization method on top of legacy mode-2 resource allocation mechanisms, the gain of IUC for SL PRS needs to be justified further. The aspects for congestion control mechanisms for SL-PRS will be discussed in the below in more details.
Proposal 7: In Scheme 2 (UE autonomous SL-PRS resource allocation), UE can decide SL PRS resource based on principle of the existing Mode 2 resource allocation mechanism and the corresponding information is indicated by 1st SCI.
Also, the following agreement was made in RAN1#110bis-e meeting [2] for the granularity of time-domain resource allocation for SL PRS as:
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


In RAN1#110bis-e meeting, the granularity of slot based, SL PRS resource based, and shorter than a slot was discussed for time domain SL PRS resource allocation. According to the time domain pattern of the SL PRS resource, the number M of SL PRS symbols is still FFS but we think that M can be smaller than slot. Therefore, the granularity of SL PRS resource based also can be shorter than slot. When we say granularity is less than one slot, this can mean that there could be more than group of M SL PRS symbols within a slot. We do not see a strong motivation to support this feature. Therefore, we prefer slot based granularity of time domain resource allocation for SL PRS i.e., only one group of M SL PRS symbols within a slot. This M value can be configured separately over slot length. 
Proposal 8: Support slot based granularity of time domain resource allocation for SL PRS transmission, with a single SL-PRS instance per slot
· The number M of SL PRS symbols within a slot is configured separately.

PHY structure
The PHY structure for SL positioning would depend on whether SL PRS is transmitted in the dedicated resource pool or in the shared resource pool with SL communication. As in Proposal 5, we think that both approaches need to be supported for SL PRS resource allocation. For the dedicated resource pool for SL PRS, the following agreement was made in RAN1#110bis-e meeting [2] as
	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


As shown in the above agreement, unlike the existing PHY structure for SL communication, new PHY structure can be designed for dedicated resource pool for SL PRS. Specifically, the first symbol can be used for automatic gain control (AGC) purpose to avoid distortion of SL PRS due to the increased AGC relative settling time (relative to symbol duration) arising from support of higher SCSs. The last symbol can be used for GAP symbol to allow the UE to switch between reception and transmission. For the listed options in the above agreement, we prefer Opt. 3. Specifically, PSCCH can be used to carry 1st stage SCI which includes information for SL PRS allocation in time and frequency domain. In addition, PSSCH can be used to carry 2nd stage SCI only which includes other information associated with SL-PRS transmission(s). Most importantly, SL PRS symbols can be allocated within a slot. If the channels and signals are decided, we can discuss how to multiplex these in a slot. In this way, the PHY structure for SL positioning in the dedicated resource pool can be optimized for SL PRS transmission. 
Proposal 9: For dedicated resource pool(s) for SL-PRS, new PHY structure is considered for SL PRS transmission including at least
· AGC/GAP symbols 
· PSCCH
· SL PRS symbols
· PSSCH (only contain the 2nd stage SCI)
· FFS: how to multiplex channels/signals in a slot
According to the typical patterns of Uu PRS/SRS design and the agreed basic principle of SL PRS pattern, it is feasible to design multiple non-overlapping SL-PRS patterns for a given comb size and symbol number. Based on Uu PRS, Figure 1 illustrates two examples of 4 symbols of PRS with comb-4, and 12 symbols of PRS with comb-12, respectively. SL PRS can use this non-overlapping comb pattern. When multiple non-overlapping SL-PRS patterns are allowed in a resource pool, different UEs can be multiplexed on same time and frequency resource with non-overlapping SL-PRS patterns. The multiplexing can improve SL PRS capacity and resource utilization efficiency, especially when CBR in a resource pool is high. Therefore, at least for dedicated resource pool(s) for SL-PRS, we need to consider for supporting RE level multiplexing of SL PRS on same time and frequency resources. For shared resource pool(s), considering backward compatibility of PHY structure design for SL PRS, it can be further studied whether the principles for RE multiplexing in dedicate resource pool(s) can also be applied.
Proposal 10: At least for dedicated resource pool(s) for SL-PRS, consider SL PRS RE level multiplexing on same slot/subchannel to improve SL PRS capacity and resource utilization efficiency in a resource pool.
[image: ]
Figure 1. RE level multiplexing of orthogonal SL PRS patterns
Moreover, the following agreement was made in RAN1#110bis-e meeting [2] for the dedicated resource pool for SL PRS as:
	Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


In RAN1#110bis-e meeting [2], we discussed two alternative as captured in the above agreement. Actually, Alt. 1 includes Alt.2. For more flexible SL PRS transmission, we prefer Alt 1. 
Proposal 11: The bandwidth of SL PRS can be same or smaller than that of the resource pool
On the other hand, for the shared resource pool for SL PRS with SL communication, SL PRS needs to be transmitted in the existing slot structure for SL communication. In a simple way, SL PRS can be transmitted in symbols for PSSCH. However, 2nd SCI is transmitted in symbols for PSSCH. Therefore, the symbol for SL PRS and 2nd SCI should not be overlapped each other. Also, SL PRS and PSCCH cannot be FDMed with each other. As a possible approach, SL PRS location can be determined from the last PSSCH DMRS symbol. As we discussed, we think that SL PRS should be transmitted in consecutive symbols. 
Proposal 12: For shared resource pool(s) with SL communication, SL PRS is transmitted in the existing slot structure with the following principle as
· SL PRS can be transmitted in symbols for PSSCH.
· SL PRS is not transmitted in symbols for 2nd SCI. 
· SL PRS is not transmitted in symbols for PSCCH
· SL PRS is transmitted in consecutive symbols 
Also, the following agreement was made in RAN1#110bis-e meeting [2] for the shared resource pool for SL PRS with SL communication as:
	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.


In order to ensure backward compatibility with legacy Rel-16/17 UEs in the shared resource pool for SL PRS with SL communication and for the co-existence between SL communication and SL PRS, TX UE need to indicate whether SL PRS is transmitted in the shared pool or not. The presence of SL-PRS is indicated in the SCI. If this information is not indicated, RX UE may result in PSSCH and/or SL PRS decoding failure. Therefore, we propose:
Proposal 13: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL-PRS is transmitted or not for co-existence with SL communication.
· The presence of SL-PRS is indicated in the SCI. (FFS: 1st SCI or 2nd SCI)
[bookmark: _GoBack]Indication/reservation of SL-PRS resource(s)
In RAN1#110bis-e meeting [2], the following agreement was made for SL PRS resource(s) indication/reservation as:
	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




Figure 2. SL control information for SL PRS. (a) same slot. (b) cross slot
The SCI can include time domain information, frequency domain information and code/sequence information of SL PRS resources. When transmitting SCI for SL PRS, this can be included in the same slot (similar to transmission of PSCCH/PSSCH in the same slot SL communication) as illustrated in Figure 2(a). Alternatively, SCI can be transmitted in a different slot with SL PRS. A single SCI can indicate SL PRS transmission across multiple slots as illustrated in Figure 2(b), this can reduce signalling overhead and allow more resources to be allocated for SL PRS.
Proposal 14: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 

Congestion control for SL-PRS
According to the existing SL operation (Rel-16), congestion control is applied for PSSCH transmission. Specifically, a UE measures channel busy ratio (CBR) for SL transmission and then PSSCH transmission is controlled by CBR and priority. More specifically, parameter ranges such as MCS and the number of subchannels for PSSCH transmission are decided by CBR and priority. For Mode 1 resource allocation, RRC_CONNECTED UEs report CBR to the gNB. In Mode 2 resource allocation, a UE should meet the channel occupancy ratio (CR) limit for congestion control. Similarly, the congestion control for SL PRS transmission needs to be supported because it is also important for SL positioning. For example, the parameters for SL PRS configuration in Proposal 1 can have restricted ranges based on CBR and priority. Figure 1 illustrates an example for congestion control for SL PRS. The UE performs CBR measurement for SL PRS and then the parameters for SL PRS configuration is controlled by CBR and priority. The corresponding parameter ranges are configured in resource pool by CBR level and priority as shown in Figure 1. Notice that the priority value for SL PRS transmission can be different with the priority value of PSSCH transmission. Also, the definition of CBR/RSSI/CR for SL positioning can be different with that of PSSCH. This can be studied further. For Mode 1 like SL PRS resource allocation, RRC_CONNECTED UEs can report CBR for SL PRS to the gNB. In Mode 2 like SL PRS resource allocation, a UE should meet the CR limit for congestion control of SL PRS. Based on this, we propose:
Proposal 15: In Scheme 2 (UE autonomous resource allocation), congestion control for SL PRS is supported and congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority.
· The priority value for SL PRS transmission can be decided independently with the priority value of PSSCH transmission.
· CBR measurement for SL PRS can be reported to gNB.
· Congestion control for SL PRS can restrict CR limit of SL PRS by CBR and priority.
· FFS: The definition of CBR/RSSI/CR for SL positioning.
2.4 SL positioning procedure
In this section, we discuss about SL positioning procedure related to measurement report, positioning related information transfer, and SL PRS power control. The measurement report and positioning related information transfer should be performed together with SL PRS transmission to enable SL positioning. In addition, power control can work for improving the reception and transmission of SL PRS between UE of a long distance.   

SL positioning measurement report
In RAN1#109-e [6] and RAN1#110 meeting [5], the following agreement was made for SL positioning measurement report as:
	Agreement:
With regards to the Sidelink Positioning measurement report,
· Study the contents of the measurement report  (e.g. time stamp(s), quality metric(s), ID(s), angular/timing/power measurements, etc)
· Study the time domain behavior of the measurement report (e.g. one-shot, triggered, aperiodic, semi-persistent, periodic)
FFS whether the Sidelink Positioning measurement can be a high-layer report and/or a lower layer report.
Agreement
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


In the above agreement, further details on the contents and signaling can be discussed after decision of supported SL positioning methods in RAN1 and architecture in SA2/RAN2 (whether SL positioning protocol can be introduced and high-layer report is feasible or not). According to RAN2 agreement [7][8] below, there can be a UE as location sever as:
	Agreement:
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  FFS from RAN2 perspective if there are cases without a UE in the location server role.
Agreement:
Indicate in the reply to SA2 that RAN2 have not concluded on the server UE functionalities but have agreed to follow SA2 decision on the definition of the server UE, and discussion continues.


Therefore, further SA2/RAN2 decision is necessary for supported SL positioning architecture. At this stage, we need to discuss where UE can report measurement results. Specifically, the following can be considered as the destination for reporting SL positioning measurement as
· Another UE (FFS by SA2/RAN2 for a UE as a location server)
· gNB
· LMF
We can consider to support one or more than one destination for SL measurement reporting based on the further discussion.
Proposal 16: Study the following as the candidate destination for SL measurement reporting
· Another UE (FFS by SA2/RAN2 for a UE as a location server)
· gNB
· LMF (FFS by RAN2 whether it is a feasible option or not) 
In RAN1#110b-e meeting [2], it was agreed to introduce SL-TDOA as a potential positioning method. When a UE synchronized to a network, the clock of the UE depends on the downlink propagation delay between the network and UE. UEs with different distances (i.e., different round trip propagation delays) from the network have different clock offsets. In a system with two UEs synchronized to the network that are performing ranging based on SL-TDOA, doing ranging can help determine the distance between the two UEs. For example, these can be UEs traveling on a remote road that isn’t covered by RSUs. A timing diagram for this scenario is illustrated in Figure 3. The gNB transmits a DL reference signal. The DL reference signal arrives at UE1 with a delay equal to half the round-trip-time (RTT1/2), this determines the reference time of UE1. The DL reference signal arrives at UE2 with a delay equal to half the round-trip-time (RTT2/2), this determines the reference time of UE2. 


[bookmark: _Ref118573689]Figure 3: Time diagram for ranging with two UEs synchronized to the network.
UE1 transmits a SL PRS relative to its reference time, assume that UE1 advances the signal by a time T1 relative to its reference timing, and UE2 measures the time of arrival of the SL PRS relative to its reference time, the measured time is . As illustrated in Figure 3, the measured time at UE2 can be expressed as:

where, , and  is the distance between UE1 and UE2. By measuring  and knowing T1,  and , it is possible to determine  and .
Proposal 17: Consider for a UE to measure and report the time of arrival of a SL signal relative to time of arrival of a DL reception from a gNB.

Positioning related information transfer
The positioning related information here means known location information of anchor UE/RSU for SL positioning. If the know location information is transmitted from the anchor UE, the selection of anchor UE(s) with reliable location coordinate values is very important to achieve high SL positioning accuracy both for absolute and relative positioning as we discussed in our companion contribution [4]. Therefore, when the known location information is transferred into target UE, the UE need to provide a reliability of known location information. Therefore, we propose:
Proposal 18: Consider for UEs to indicate a reliability of known location information to the target UE for SL positioning.

SL PRS power control
In RAN1#109-e meeting [6], the following agreement was made for SL PRS power control as:
	Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.


We think that the existing SL power control mechanisms can be a start point for SL PRS power control. In this regard, the following aspects need to be considered at first for SL PRS power control as:
· SL PRS design
· Power control scheme
· Pathloss
· 
In the above list, SL PRS design would be a key factor for deciding the SL power control mechanism. Specifically, how SL PRS is mapped in time and frequency resources will decide how SL power control can be formulated. Therefore, in order to decide SL PRS power control, SL PRS transmission bandwidth and multiplexing with other SL channels/signals should be determined at first. Next, the power control scheme in the above list means open loop power control (OLPC) or closed loop power control (CLPC) schemes. At this stage, the motivation is not clear to introduce CLPC for SL PRS power control since it was not introduced in other SL channels/signals. Next, the pathloss in the above list means that power control will be based on DL pathloss and/or SL pathloss. We need to discuss further which pathloss will be used for SL PRS power control. Lastly,  in the above list means the maximum power controlled for congestion control. In the existing PSSCH power control, it is obvious that  is based on PSCCH. However, in case of SL PRS, how it is transmitted (i.e., whether it is multiplexed with PSSCH or not),  can be based on PSCCH and/or SL PRS. Based on the above discussion, we propose:
Proposal 19: Consider the following aspects for SL PRS power control.
· SL PRS transmission bandwidth and multiplexing with other SL channels/signals
· Whether only OLPC is applied
· Whether only DL pathloss is applied or SL pathloss is applied additionally
· Whether  is applied for PSSCH and/or SL PRS
3 Conclusions
This contribution discusses about solutions for SL positioning. Based on the discussion, the following proposals and observation are provided:
Proposal 1: For SL-TDOA, the clock source’s accuracy should be taken into account to mitigate impact of synchronization error between multiple anchor UEs.
· FFS: (pre-)configuration of the clock source’s accuracy requirement/threshold or signalling of UE’s clock source accuracy status
· FFS: How to select anchor UEs to mitigate impact of synchronization error
Proposal 2: In SL positioning, a target UE decides whether to perform absolute positioning or relative positioning or ranging depending on availability and quality of measurement source(s).
Proposal 3: 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 number of SL-PRS symbols in a slot, the potential candidate values of M can be {1, 2, 4, 6, 8, 10, 12}
· FFS: other values for M
· The symbols of a SL-PRS resource within a slot are consecutive symbols for both dedicated and shared resource pool
Proposal 4: With regards to the configuration of SL PRS, a UE may receive at least part of SL-PRS related configuration from higher layers
· FFS: which part(s) of the SL-PRS configuration such as
· SL PRS comb size
· SL PRS symbol length 
· SL PRS comb offset
· SL PRS muting pattern
· SL PRS repetition 
· SL PRS time domain behaviour and transmission periodicity
· Starting PRB and the number of subchannels for SL PRS
· SL PRS max power 
· Latency bound for SL PRS transmission or measurement report
· Note: This includes the (pre-)configuration case also.
Proposal 5: Either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
Proposal 6: In Scheme 1 (network centric SL-PRS resource allocation), gNB and/or LMF makes a decision for SL PRS resource allocation and the corresponding information is indicated to UE by DCI.
· It is up to RAN2 whether Scheme 1 is performed at gNB and/or LMF.
Proposal 8: Support slot based granularity of time domain resource allocation for SL PRS transmission, with a single SL-PRS instance per slot
· The number M of SL PRS symbols within a slot is configured separately.
Proposal 9: For dedicated resource pool(s) for SL-PRS, new PHY structure is considered for SL PRS transmission including at least
· AGC/GAP symbols 
· PSCCH
· SL PRS symbols
· PSSCH (only contain the 2nd stage SCI)
· FFS: how to multiplex channels/signals in a slot
Proposal 10: At least for dedicated resource pool(s) for SL-PRS, consider SL PRS RE level multiplexing on same slot/subchannel to improve SL PRS capacity and resource utilization efficiency in a resource pool.
Proposal 11: The bandwidth of SL PRS can be same or smaller than that of the resource pool
Proposal 12: For shared resource pool(s) with SL communication, SL PRS is transmitted in the existing slot structure with the following principle as
· SL PRS can be transmitted in symbols for PSSCH.
· SL PRS is not transmitted in symbols for 2nd SCI. 
· SL PRS is not transmitted in symbols for PSCCH
· SL PRS is transmitted in consecutive symbols 
Proposal 13: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL-PRS is transmitted or not for co-existence with SL communication.
· The presence of SL-PRS is indicated in the SCI. (FFS: 1st SCI or 2nd SCI)
Proposal 14: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 
Proposal 15: In Scheme 2 (UE autonomous resource allocation), congestion control for SL PRS is supported and congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority.
· The priority value for SL PRS transmission can be decided independently with the priority value of PSSCH transmission.
· CBR measurement for SL PRS can be reported to gNB.
· Congestion control for SL PRS can restrict CR limit of SL PRS by CBR and priority.
· FFS: The definition of CBR/RSSI/CR for SL positioning.
Proposal 16: Study the following as the candidate destination for SL measurement reporting
· Another UE (FFS by SA2/RAN2 for a UE as a location server)
· gNB
· LMF (FFS by RAN2 whether it is a feasible option or not) 
Proposal 17: Consider for a UE to measure and report the time of arrival of a SL signal relative to time of arrival of a DL reception from a gNB.
Proposal 18: Consider for UEs to indicate a reliability of known location information to the target UE for SL positioning.
Proposal 19: Consider the following aspects for SL PRS power control.
· SL PRS transmission bandwidth and multiplexing with other SL channels/signals
· Whether only OLPC is applied
· Whether only DL pathloss is applied or SL pathloss is applied additionally
· Whether  is applied for PSSCH and/or SL PRS
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