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Introduction
In RAN1#110 [1], we have discussed the potential solutions to support SL positioning. In this paper, we further provide our views on the solutions to support SL positioning.

SL positioning methods 
In RAN1#110[1], positioning methods have been discussed and we have the following agreement.
	Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  




In RAN1#109e [2], the following agreements related to multiple panels on a UE were made:
	Agreement
For SL positioning evaluation in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4.
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885)
· Vehicle UE option 2 (two panels) can be optionally selected by companies

Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.




SL positioning methods    
RTT based positioning methods
RTT based positioning methods have the well-known advantage of robustness to the synchronization error. In addition to the synchronization error, timing drift between two UE generally exists due to the oscillator imperfect frequency offset. To mitigate timing drift, the double-sided RTT can be adopted. The typical double-side RTT can be illustrated by the following figure:
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Figure 1: Legacy double-sided RTT
The RTT between UE-A and UE-B can be calculated by the following equation:

However, this typically requires that UE-B transmits the SL-PRS between the two SL-PRS transmitted by the UE-A. Actually, for the double-sided RTT, this limitation is not necessary. Considering the following sequential SL-PRS transmission:
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[bookmark: _Ref115104105]Figure 2: General double-sided RTT without transmission order restriction
Under this transmission scheme, the RTT between UE-A and UE-B can be given by:

Where  can be used to calibrate the timing drift in order to estimated Rx-Tx timing difference .
The derivation error of the above RTT calculation method is analyzed in the Appendix.
Proposal 1: For double-sided RTT based method, support not to restrict the SL-PRS transmission order.

SL-AoD based positioning method 
Different from the RSRP based AoD method in Uu, the phase difference based AoD used by Bluetooth exploits the phase difference between signals transmitted from different antennas. To support such a method, there are two different approaches: traditional multi-antenna multi-RF chains approach and antenna switching approach, as shown in Figure 3.
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[bookmark: _Ref115104497]Figure 3: Different RF architecture for AoD estimation
Approach 1 applies to the multi-antenna multi-RF chains architecture, where multiple SL-PRS are transmitted via multiple physical antennas at the same time. The receiver can measure the phase difference of different SL-PRS transmissions and convert the phase difference to angle of departure. In this approach, only one-shot SL-PRS transmission is required.
Approach 2 applies to the single RF chain architecture, where a single SL-PRS is transmitted via a single physical antenna at a single transmission occasion. In order to sweep all Tx antennas, the Tx UE needs to transmit the multiple SL-PRS by antenna switching. In this way, the AoD can be estimated in the same way as Approach 1 if the multiple transmissions are phase coherent. In this approach, multi-shot SL-PRS transmission/reception is necessary. 
We think that both approaches should be further studied at least for FR1 AoD positioning where beamforming is not likely performed.
[bookmark: _GoBack]Proposal 2: Phase difference based AoD positioning should be supported for SL positioning. RAN1 should further study Tx antenna switching based scheme. 
Rx-Rx timing difference based positioning method
One of the most important scenarios of sidelink positioning is V2X scenario, where UE’s velocity is up to 250km/h. Generally, high mobility may impact the SL positioning performance as it creates Rx - Tx timing drift. 
Considering the following positioning scenario:
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Figure 4: Rx-Rx time difference based positioning method
Take one RSU and the UE for example, the time sequence of the SL-PRS transmission can be explained as following:
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[bookmark: _Ref115251550]Figure 5: Rx-Rx timing different measurement
As shown by the above Figure 5, under static scenario and assuming no clock drift, the Rx-Rx time difference should be equal to the Tx-Tx time difference, which is known. However, under mobility scenario, due to the movement of the UE, the distance between the UE and an RSU at different time slot are different. Hence, the signal propagation time will change, which leads to Rx timing drift. 
This provides an opportunity to locate UE using Rx-Rx timing difference utilizing the high mobility characteristic to enhance the positioning accuracy by localizing the UE’s location at different time occasions jointly. The method is elaborated on in the following.
At time T1, the vehicular UE receives SL-PRS from different RSUs, the Rx time of different RSUs can be denoted as Rx11, Rx12, …, Rx1N. At time T2, the vehicular UE measures the SL-PRS from the same set of RSUs and the Rx time can be denoted as Rx21, Rx22, …, Rx2N. The Rx-Rx time difference can be calculated as:


…

To receive SL-PRS, the configuration of the SL-PRS should be known a priori. Hence, the Tx-Tx time difference is known:


…

The differences between Tx-Tx time difference and Rx-Rx time difference indicates the distance change between the UE and the RSUs, i.e., 


…

According to the distance change information, the location of the UE at time T1 and time T2 can be jointly determined as following:

Proposal 3: Support the Rx-Rx time difference based method for absolute SL positioning.

SL positioning Measurements
Co-located antenna deployment
Sidelink positioning measurements can be determined according to the positioning methods. The supported measurements are summarized in the following:
Proposal 4: To support the above SL positioning methods, the following measurements should be reported:
· Rx-Tx timing difference for both single-sided and double-sided RTT based method
· Phase difference for AoD-based method
· Rx-Rx timing difference for Rx-Rx timing difference based positioning method.

Distributed antenna deployment
With positioning of a UE using radio, the positioning is actually of the UE’s antenna reference point (ARP). However there also exists distributed antenna system (DAS) deployment for vehicular UEs, e.g., UEs with multiple panels, where the antenna or panel displacement may not be neglected for positioning.
For TDOA and RTT based positioning, each distributed antenna provides an ARP for transmission and/or reception of SL-PRS to better locate a target UE’s antenna.
For AoA or AoD positioning, each distributed group of antennas or panel provides an angle estimate towards a target UE’s antenna.
For RTT-based positioning, the Rx-Tx time difference measurements at both sides need to be associated with the same pair of antennas to make the measurement meaningful. For some cases, in the Rx - Tx time difference measurement, the Rx antenna used for a SL-PRS reception may not be the same as the Tx antenna used for a SL-PRS transmission as shown in Figure 6 For RTT-based positioning, it would be beneficial to know whether for a Rx-Tx time difference the Rx antenna and the Tx antenna are the same, i.e., to avoid an erroneous positioning estimation. 
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[bookmark: _Ref115164199]Figure 6: Transmission and reception of SL-PRS with different panels
Proposal 5: Study mechanisms to enable SL positioning under UE distributed antenna system for TDOA, AoA, AoD, and RTT based positioning methods.

SL positioning measurement reporting
Regarding the positioning relevant information, such as capability, assistance data, and measurement results, it should be managed as a regular data service following the existing PDCP/RLC/MAC assembly procedure and multiplexed with other communication data defined in PC5 interface.
Proposal 6: SL positioning measurement shall be treated as regular communication data, and be transparent to physical layer and transmitted over the PC5 communication resources.

SL-PRS pattern design 
In RAN1#110 [1], SL-PRS structure have been discussed and we have the following agreement.
	Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N

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



Frequency domain pattern
Considering the high dynamic characteristics of the V2X scenario where the vehicular UE maybe move at the speed up to 250km/h, it is necessary to enhance the SL-PRS comb structure for Doppler frequency shift estimation. 
The Doppler frequency shift can be estimated by comparing the phase difference of the same frequency in different symbols of the received SL-PRS. To support that, the SL-PRS should have the same frequency domain pattern on different symbol similar to the Uu TRS. The value M = n+1, with N = K×n for partial staggering pattern and n = K×N for full staggering pattern where (K≥1) should be supported where M is the number of symbols and N is the comb size.
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[bookmark: _Ref114508085]Figure 7: Example of M=n+1, N=n comb pattern
As shown in the Figure 7, by comparing the phase difference of  and  of the same RE, the Doppler frequency shift can be estimated.
Proposal 7: The partial and full staggering Comb-N SL-PRS structure should be extended with one additional symbol that has the same frequency domain RE mapping as the first symbol to facilitate the Doppler frequency shift estimation for V2X scenario.

[bookmark: _Ref114929342]Time domain pattern
In the current SL communication, there is no TDM between multiple PSSCH transmission within a slot. Multi-user PSSCH transmission in a slot can be multiplexed in the frequency domain, via occupying different subchannels.
However, for SL-PRS, which is wideband to support high accuracy ToA/AoA estimate, the frequency domain multiplexing capability is limited by the comb size. On the other hand, the SL positioning measurement accuracy does not require full-slot transmission of SL-PRS, in which 4 symbols should be sufficient as shown in our evaluation.
We think that for the sake of increasing user capacity and configuration flexibility, the design of subslot based SL-PRS pattern is introduced. Each subslot may contain AGC, SL-PRS and GAP symbols. SL-PRS resources are multiplexed in time and comb-based frequency domain in the SL-PRS symbols. 
Subslot 1
Subslot 2

[bookmark: _Ref114837128]Figure 8: Example of SL-PRS time domain pattern with two subslots
As shown in the Figure 8, there are 14 symbols in this slot. For example, a slot is divided into 2 subslots, where each of them contains 7 symbols, including the AGC and GAP symbols if the slot does not contain the PSCCH region. The 5 SL-PRS symbols in each subslot will be enough for repetition symbol pattern for facilitate Doppler estimate as we mentioned in Section 3.1.
Proposal 8: Support subslot based SL-PRS pattern.
· For example: The number of subslots within a slot can be 2, and the number of SL-PRS symbols within a subslot can be 5 for comb-2, comb-4, and comb-12.

Resource pool for SL-PRS
In RAN1#110 [1], we have discussed the resource pool design for SL-PRS transmission. 
	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



Dedicated resource pool 
Channel structure for the dedicated resource pool
For dedicated resource pool, because the SL-PRS resource could be flexibly configured, the design will have at least the following advantages, e.g. larger bandwidth than SL communication, multi-user capacity. Figure 9 shows the example of potential slot structure of dedicated SL-PRS resource pool. For slot structure within the SL-PRS dedicated resource pool, to support the reservation scheme similar to sidelink communication, a part of time/frequency resource, such as 2 or 3 symbols, can be allocated to PSCCH which carry the control and reservation information of the SL-PRS.
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[bookmark: _Ref114508139]Figure 9: Example of potential slot structure of SL-PRS resource pool

Proposal 9: Support PSCCH plus SL-PRS slot structure within the dedicated SL-PRS resource pool.

PSCCH collision
PSCCH may be required for carrying the control and reservation information of the SL-PRS within the same slot and future slots. Symbols for PSCCH could be divided into several candidate frequency domain positions according to the number of SL-PRS resources of the dedicated resource pool. We think that a mapping of the SL-PRS resource to a PSCCH candidate position should be considered similar to SL communication, where PSCCH always occupies the lowest subchannel of the scheduled PSCCH. The PSSCH resources from different Tx UEs are subchannel-level FDMed in general, so that this lowest subchannel that is used for PSCCH transmission will not collided, but the SL-PRS transmitted from different Tx UEs may be comb-level FDMed or TDMed, and thus it requires a different association to avoid PSCCH collision for non-collided SL-PRS. Figure 10 shows the example of design of PSCCH and SL-PRS. 
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[bookmark: _Ref114508147]Figure 10: Example of design of PSCCH and SL-PRS
An example of the resource allocation is shown in Figure 11. Assuming that there are four resources (pre-)configured within the SL-PRS resource pool.
· UE1 schedules the SL-PRS resource 4 in slot 1 and reserves the SL-PRS resource 2 in slot 5. 
· UE2 performing sensing for slot 5 detects that SL-PRS resource 2 is not available, and select a different resource, e.g. SL-PRS resource 3.
· In slot 5, UE1 and UE2 transmits SL-PRS resource 2 and resource 3, respectively, and thanks to the mapping scheme, their PSCCH will not collide.
Slot 1
Slot 5
Reservation
SL-PRS4
SL-PRS2
Resource 4
SL-PRS3
Resource 3
UE1
UE2
Sensing (excluding SL-PRS 2 in slot 5)
No PSCCH collision
Resource 2

[bookmark: _Ref109742870]Figure 11: Reservation scheme of the SL-PRS resource
With the above analysis, we have the following proposal.
Proposal 10: Support to design the association between PSCCH candidate position and the scheduled SL-PRS resource for the dedicated resource pool.

Configuration of the dedicated resource pool
The dedicated resource pool configuration for SL-PRS should at least be TDMed with communication resource pool. Apart from the configuration methods using bitmap to indicate the slots for the pool, the SL-PRS in dedicated resource pool can be sent on the reserved slots of the communication. That is, the sidelink reserved slots (some slots that cannot be used by sidelink communication) could be viewed as a type of the dedicated resource pool. According to the SL resource pool configuration procedure, when a resource pool is configured for the UE, some slots are excluded (shown in Figure 12). These excluded slots are referred to as reserved slots. These reserved slots are excluded to make the length of a bitmap field indicating time domain resource allocation in a resource pool configuration aligned with the quantity of remaining slots after excluding S-SSB slots and non-SL slots (some OFDM symbols are not semi-statically configured as UL in this slot). The reserved slots cannot be used by SL communication and do not belong to any communication resource pool. 
If these reserved slots can be used to transmit the SL-PRS, time division multiplexing is implemented naturally between the data and the SL-PRS. So that the communication of the legacy UE (such as R16/R17 UE) is not affected by R18 UE for positioning and also ensures backward compatibility. 
[image: ]
[bookmark: _Ref114508170]Figure 12: Procedure for determining the set of slots assigned to a SL resource pool
The reserved slots can be added to the slots indicated via the traditional bitmap for a resource pool that is dedicated for positioning, which provides more opportunity for SL-PRS transmission.
Proposal 11: Consider the reserved slots as a part of the dedicated SL-PRS resource pool. 

Shared resource pool
A shared resource pool enables a more efficient use of resources. Several aspects need to be considered when SL-PRS transmission and SL data communication share the same resource pool. 
SL-PRS and data multiplexing
SL-PRS can be included in a resource pool configured for sidelink communication, i.e., in a resource pool with a sub-channel size tailored for sidelink communication. The bandwidth of a SL-PRS in such a resource pool depends on the possibility of allocating several contiguous sub-channels in a slot, e.g., all the sub-channels in the resource pool, to a SL-PRS. This may depend on the amount of concurrent transmission (traffic) in the resource pool and the operation mode of the resource allocation. For SL-PRS requiring large bandwidth, the network can allocate the resources in mode 1 operation by considering the requirements for sidelink communication and SL-PRS. For mode 2 operation, mechanisms like pre-emption and re-evaluation could be considered for supporting a SL-PRS with a large bandwidth, e.g., by setting a higher priority to SL-PRS to enable pre-emption of lower priority sidelink transmissions in the same slot. Other procedures or mechanisms could also be considered.
In a shared resource pool, different designs can be considered for accommodating SL-PRS and sidelink communication. Similar to SL CSI-RS in NR V2X, SL-PRS can be multiplexed with PSSCH as shown in Figure 13. This design can be considered when the data in PSSCH and SL-PRS have similar bandwidth requirements. Coupling the transmissions for communication and SL positioning, however, may limit the availability of SL-PRS in a shared resource pool if a UE does not have data to transmit.
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[bookmark: _Ref109910371]Figure 13: Example 1 of a shared resource pool design
Another design for a shared resource pool is depicted in Figure 14, where SL data and SL-PRS are sent on different sub-channels. The SL data (PSSCH) and SL-PRS in one slot can be sent by different UEs. This design has the advantage that the sidelink communication and SL-PRS are decoupled, e.g., allowing SL communication and positioning transmissions with different bandwidth requirements. 
Proposal 12: Study mechanisms to support multiplexing of SL-PRS and sidelink communication at least in a Rel-18 shared resource pool. 
SL-PRS
PSCCH
PSSCH 
One sub-channels of UE B
Three sub-channels of UE A

[bookmark: _Ref109983228]Figure 14: Example 2 of a shared resource pool design
SL-PRS and SL-PRS multiplexing
In sidelink communication, a PSSCH may occupy all available SL symbols and PRBs in a sub-channel. On the other hand, a SL-PRS may not need or be able to occupy all the available SL resources in a slot. Thus, allocating only one SL-PRS in a slot, e.g. over multiple sub-channels, may not be resource efficient. For a better use of the resources, multiplexing of multiple SL-PRS in one slot can be considered as shown in Figure 15. For a symbol, this structure is similar to multiplexing PSFCH from different UEs in a symbol, but from e.g. a comb-based multiplexing perspective. Multiple SL-PRS can also be sent by different UEs, e.g., by different UEs serving as anchor nodes. For the allocation of resources for SL-PRS among the UEs schemes like inter-UE coordination can be considered.
Proposal 13: Support multiplexing of multiple SL-PRS transmissions in a slot at least in a Rel-18 shared resource pool. 
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[bookmark: _Ref114583190]Figure 15: Multiplexing of multiple SL-PRS in a slot
Coexistence with legacy communication resource pool
If SL-PRS is included in a Rel-16/17 resource pool configured for sidelink communication, the design of the shared resource pool must support backward compatibility. As a legacy Rx UE cannot be aware of the presence of SL-PRS, a Tx UE cannot send PSSCH to the legacy Rx UE if SL-PRS is multiplexed with the PSSCH in the same sub-channel, i.e., with the example 1 design shown in Figure 13. The Tx UE can send PSSCH and SL-PRS with the example 1 design to a Rel-18 Rx UE. 
For supporting the reception of SL-PRS in a shared resource pool, e.g., to announce the presence of SL-PRS in a slot, a new 2nd-stage SCI format can be introduced with control information associated with SL-PRS. As only Rel-18 UEs need to decode the additional control information, backward compatibility can be guaranteed.
When SL-PRS and sidelink communication are sent on different sub-channels, i.e., as in the example 2 design in Figure 14, backward compatibility can be ensured by including a PSCCH with 1st-stage SCI in the sub-channels with SL-PRS, so that the legacy UEs could treat the subchannels occupied/reserved by the SL-PRS as occupied/reserved by an unknown PSSCH.
Proposal 14: Study mechanisms for supporting a shared resource pool with backward compatibility, i.e. transmitting SL-PRS in a resource pool configured to legacy Rel-16/Rel-17 UEs. 

Resource configuration and triggering mechanism
In RAN1#110 [1], the following agreement provide the study options with regards SL-PRS configuration/activation/triggering. 
	Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.




SL-PRS resource configuration/activation
Before transmission of SL-PRS, configuration of SL-PRS is necessary, hence the receiver can correctly decode the physical signals and perform the measurement procedures. For the configuration or pre-configuration of SL-PRS, we prefer the high-layer approach. For sidelink communication, lower layer signaling mainly used for carrying the necessary dynamic control or reservation information. Due to the limited payload budget of low layer signaling, the configuration or pre-configuration of SL-PRS should be carried by higher layer signaling.  To be specific, SL-PRS resources can be configured by gNB when UE is in coverage or pre-configured when UE is out of coverage. The configuration of SL-PRS resource could be flexible. Different SL-PRS resource can be configured with different bandwidth, different comb size, different offset, and different symbol to meet different positioning requirement. 
With the configured or pre-configured SL-PRS resources, low layer signaling could be used to activate/trigger the reception of SL-PRS. The biggest advantage of lower layer activation/triggering is that it achieves lower latency compared to high layer activation/triggering. With the PSCCH + SL-PRS slot structure, SCI within one slot could be used to carry the activation/triggering information the SL-PRS within the same slot and reservation information for the future slots. When a UE receives the SCI for it, upon decoding the activation/triggering information, it can start the reception and measurement procedures of the SL-PRS. The latency between activation/triggering and SL-PRS transmission can be constrained within one slot. It is observed that by low layer activation/triggering, low latency could be achieved.
Proposal 15: Support Option 2: high-layer and lower-layer signaling involvement in the SL-PRS configuration, where
· SL-PRS resource pool configurations is provided by high-layer signaling.
· Activation/triggering information is provided by lower-layer signaling.

Resource reservation
Similar to SL communication, the resource reservation, can be one shot (e.g. up to 2 additional resources after the initial transmission can also be reserved by the SCI) or periodic (e.g. the periodicity is configured or preconfigured). In each reserved occasion, the transmitting UE is still required to send SCI, and the reservation occasions are mainly for resource exclusion in the mode-2 sensing. For RTT based positioning, the transmitting UE could use the additional occasions after the initial transmission to reserve the SL-PRS resource for UE-B. 
Proposal 16: Support both periodic and one-shot resource reservation for SL-PRS transmission.
· At least for RTT based positioning, one-shot reservation should be supported.

Resource allocation for SL-PRS
In RAN1#110 [1], two schemes of SL-PRS resource allocation have been discussed.
	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

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




Resource allocation in Scheme 1  
In Scheme 1, gNB controls the resource allocation for SL-PRS transmission. The general procedure can be described as follows. When a UE wants to transmit SL-PRS according to certain positioning service, it first sends the SL-PRS transmission request to the gNB to request resources. Upon the request of the UE, gNB grants certain resources for transmitting the SL-PRS. The granted resource can be carried by physical layer signaling, such as DCI. The general diagram of resource allocation in Scheme 1 can be illustrated in Figure 16.
For partial coverage scenario, it could be beneficial if one in-coverage UE could help to request SL-PRS for other out-of-coverage UEs. We think that the request of SL-PRS may include both the SL-PRS requirement for UE-A itself and for another OOC UE. As the requirement of SL-PRS, such as number of slots, it can be carried by uplink MAC CE rather than UCI due to the limit capacity of uplink physical layer signaling.
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gNB
SL-PRS Request
(MAC CE)

Resource schedule
(DCI)
SL-PRS transmission
(SCI and SL-PRS)


[bookmark: _Ref114508192]Figure 16 Diagram of resource allocation procedure in Scheme 1
Proposal 17: Support to request SL-PRS transmission for the UE itself or for another UE to the gNB.
· SL-PRS transmission request to a gNB is indicated by MAC CE, which also includes the requested SL-PRS characteristics.
· The grant of SL-PRS resource indicated by DCI.

Resource allocation in Scheme 2
For the study of the SL-PRS resource allocation scheme 2, to save the standard effort, it should reuse the legacy design in sidelink communication as much as possible. 
Observation 1: The legacy design for UE autonomous resource allocation in sidelink R16/R17 should be reused as much as possible.
There are couples of positioning methods can be used for sidelink, like: RTT, TDOA, AoA, AoD, etc. Different sidelink position methods may require different operations among target UE and anchor UEs, but it’s better to give a unified and transparent Scheme 2 design for different sidelink positioning/ranging methods to avoid the diverse design. 
Observation 2: A unified Scheme 2 mechanism and related signaling framework should be considered to support different sidelink positioning methods.
With regards to sensing of SL-PRS, we think that the following procedure for sensing in sidelink communication can be reused: 
· The resource selection UE-1 detects and decodes other UE-0’s SCI to obtain the reservation period and priority; 
· The UE-1 determine the UE-0’s RSRP according to PSCCH or PSSCH according to the configuration; 
· UE-1 compares the UE-0’s RSRP to the RSRP threshold ;
· UE-1 does resource exclusion from the resource selection window.
From the above understanding, we have the following observations and proposal: 
Observation 3: To support the sensing-based Scheme 2 resource allocation for SL-PRS, at least the following information is needed: 
· Reservation period; 
· Priority.
Observation 4: To support the sensing-based Scheme 2 resource allocation for SL-PRS, RSRP measurement should be defined.
Proposal 18: The SL-PRS is transmitted together with the scheduling PSCCH in the dedicated resource pool, and at least the following information is carried by the SCI:
· Reservation period; 
· Priority.
For the sidelink positioning, the speed will impact the measurement resolution if the SL-PRS transmission period is large. Hence large speed would require smaller SL-PRS transmission interval. However, similar to sidelink communication, the transmission parameters like priority and reservation period should be given by higher layer. The difference is the priority can be derived from the logic channel priority for sidelink communication, and the reservation period can be determined from the traffic period like V2X traffic. For SL-PRS, the related priority and period should be defined as well. The SA2 or RAN2 is more suitable to do these definitions. To facilitate the standard work, an LS can be transmitted to the related works groups.
Observation 5: An LS to SA2 and/or RAN2 may be needed to define the reservation period and priority for SL-PRS.
Sidelink positioning/ranging can be used for V2X, IIoT, public safety and commercial use cases. In some cases, the UE participating sidelink positioning may be sensitive to power consumption. And furthermore, in V2X use cases, some VRU may or may not have the receive capability, but its location information is also important to the cars in some cases. This issue has been heavily discussed in sidelink enhancement in Rel-17. To support this kind of UE communication, random selection is supported for UE autonomous resource allocation. In Rel-16, random selection also is supported to be configured in the exceptional transmission resource pool.
Proposal 19: Both sensing and random selection based on Scheme 2 are supported according to UE capability or configuration.

Multiple SL-PRS transmission for RTT positioning
For RTT based positioning, typically it needs two UEs take turns to transmit SL-PRS and measure the signal as shown in Figure 17. In order to ensure the RTT functionality for the SL-PRS transmission, the transmitting UE-A should request UE-B for SL-PRS reverse transmission during an RTT session. 
PRS 3
PRS 2
PRS 1
UE-A
UE-B
One RTT session

[bookmark: _Ref115165328]Figure 17 One RTT session includes multiple SL-PRS resources
Observation 6: For RTT-based SL positioning, there are several associated SL-PRS transmissions.
Proposal 20: Support to request SL-PRS transmission from UE-A to UE-B.
The request of SL-PRS transmissions can be done jointly with the transmission or reservation by UE-A via inter-UE coordination, which can make the all associated SL-PRS transmission resource within an expected time window. By this way, the transmission delay can be reduced compared separately resource selection from every one-shot transmission. 
Proposal 21: For one RTT session, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs, e.g.
· The transmitting UE can reserve the next associated SL-PRS resources for itself within the reserved period;
· The transmitting UE can allocate/recommend the associated SL-PRS resources for the responding UE within the reserved period. 

Power Control for SL-PRS transmission
In RAN1#109e [2], SL-PRS power control scheme has been discussed and we have the following agreement. 
	Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.


In NR sidelink, the power control is open-loop which can be based on DL pathloss or SL pathloss or both. For SL PRS, the interference with UL transmission could also be considered like SL communication. So the DL pathloss-based power control can be enabled for SL PRS. In addition, the distance between Tx UE and Rx UE is an important factor in determining the transmit power. In order to decrease the interference to other UEs and satisfy the transmission requirement, the SL pathloss-based power control can also be considered in SL-PRS. The power control mechanism of PSSCH can be reused for SL-PRS. So, we have the following proposals.
Proposal 22: Support to design SL-PRS power control scheme based on DL pathloss and SL pathloss.
For the SL pathloss-based power control, the Tx UE requires the feedback of the Rx UE for the estimation of SL pathloss. In SL communication, the feedback is the average RSRP based on the PSSCH DMRS transmitted by Tx UE. Considering SL-PRS could be in the different resource pool with SL data, we think SL-PRS could also be utilized as pathloss reference signal. Further, the type of pathloss reference signal and related information like PRS resource ID or resource set ID could be indicated to UE in SL power control configuration information.
Proposal 23: Support to use SL PRS as the pathloss reference signal.

Conclusion
In this contribution, we provided our views on the solutions to support SL positioning. Based on the discussion, we have the following observations and proposals.
Observation 1: The legacy design for UE autonomous resource allocation in sidelink R16/R17 should be reused as much as possible.
Observation 2: A unified Scheme 2 mechanism and related signaling framework should be considered to support different sidelink positioning methods.
Observation 3: To support the sensing-based Scheme 2 resource allocation for SL-PRS, at least the following information is needed: 
· Reservation period; 
· Priority.
Observation 4: To support the sensing-based Scheme 2 resource allocation for SL-PRS, RSRP measurement should be defined.
Observation 5: An LS to SA2 and/or RAN2 may be needed to define the reservation period and priority for SL-PRS.
Observation 6: For RTT-based SL positioning, there are several associated SL-PRS transmissions.

Proposal 1: For double-sided RTT based method, support not to restrict the SL-PRS transmission order.
Proposal 2: Phase difference based AoD positioning should be supported for SL positioning. RAN1 should further study Tx antenna switching based scheme. 
Proposal 3: Support the Rx-Rx time difference based method for absolute SL positioning.
Proposal 4: To support the above SL positioning methods, the following measurements should be reported:
· Rx-Tx timing difference for both single-sided and double-sided RTT based method
· Phase difference for AoD-based method
· Rx-Rx timing difference for Rx-Rx timing difference based positioning method.
Proposal 5: Study mechanisms to enable SL positioning under UE distributed antenna system for TDOA, AoA, AoD, and RTT based positioning methods.
Proposal 6: SL positioning measurement shall be treated as regular communication data, and be transparent to physical layer and transmitted over the PC5 communication resources.
Proposal 7: The partial and full staggering Comb-N SL-PRS structure should be extended with one additional symbol that has the same frequency domain RE mapping as the first symbol to facilitate the Doppler frequency shift estimation for V2X scenario.
Proposal 8: Support subslot based SL-PRS pattern.
· For example: The number of subslots within a slot can be 2, and the number of SL-PRS symbols within a subslot can be 5 for comb-2, comb-4, and comb-12.
Proposal 9: Support PSCCH plus SL-PRS slot structure within the dedicated SL-PRS resource pool.
Proposal 10: Support to design the association between PSCCH candidate position and the scheduled SL-PRS resource for the dedicated resource pool.
Proposal 11: Consider the reserved slots as a part of the dedicated SL-PRS resource pool. 
Proposal 12: Study mechanisms to support multiplexing of SL-PRS and sidelink communication at least in a Rel-18 shared resource pool. 
Proposal 13: Support multiplexing of multiple SL-PRS transmissions in a slot at least in a Rel-18 shared resource pool. 
Proposal 14: Study mechanisms for supporting a shared resource pool with backward compatibility, i.e. transmitting SL-PRS in a resource pool configured to legacy Rel-16/Rel-17 UEs. 
Proposal 15: Support Option 2: high-layer and lower-layer signaling involvement in the SL-PRS configuration, where
· SL-PRS resource pool configurations is provided by high-layer signaling.
· Activation/triggering information is provided by lower-layer signaling.
Proposal 16: Support both periodic and one-shot resource reservation for SL-PRS transmission.
· At least for RTT based positioning, one-shot reservation should be supported.
Proposal 17: Support to request SL-PRS transmission for the UE itself or for another UE to the gNB.
· SL-PRS transmission request to a gNB is indicated by MAC CE, which also includes the requested SL-PRS characteristics.
· The grant of SL-PRS resource indicated by DCI.
Proposal 18: The SL-PRS is transmitted together with the scheduling PSCCH in the dedicated resource pool, and at least the following information is carried by the SCI:
· Reservation period; 
· Priority.
Proposal 19: Both sensing and random selection based on Scheme 2 are supported according to UE capability or configuration.
Proposal 20: Support to request SL-PRS transmission from UE-A to UE-B.
Proposal 21: For one RTT session, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs, e.g.
· The transmitting UE can reserve the next associated SL-PRS resources for itself within the reserved period;
· The transmitting UE can allocate/recommend the associated SL-PRS resources for the responding UE within the reserved period. 
Proposal 22: Support to design SL-PRS power control scheme based on DL pathloss and SL pathloss.
Proposal 23: Support to use SL PRS as the pathloss reference signal.
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Appendix
For the transmission scheme as shown in Figure 2, it is noted that UE-B transmits backward the SL-PRS after the two SL-PRS transmitted by UE-A. Timing drift can be modeled as

First, we can observe that  should be equal to (without timing drift), i.e., the receiving time difference is equal to transmitting time difference. Based on this, we have 

The RTT can be calculated as



()


Where  denotes real round trip time and the last step comes from that the timing drift, i.e.  or , is typically at level of .  The timing error of RTT is , which is less than  and could be neglected.

image3.png




image4.png




image3.emf

image4.emf

image7.emf

image8.emf

image5.png
dvo

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

dvo

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S





image6.png
dvo

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

dvo

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S

Sdd-1S





image7.png
The set of slots exclude S-
SSB slots and nonSL slots:

The set of slots exclude
reserved slots:

The set of slots assigned to a
sidelink resource pool:

z

.s|s s|s
—

I
\

0

Reserved slot

PR 2 N

-

s'\-ls|s s|s|s
—

1 2 3 4

5 6 7 8 9 10 11

Remove reserved slot

s|s|s|s|s

7 8 9 10 11

Time resource bitmap: {0011111100}





image1.png




image2.png




