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Introduction
In RAN1#109e [1], we have discussed the potential solutions to support SL positioning. In this paper, we further to provide our views on main issues to support SL positioning.

SL positioning methods
In RAN1#109e, positioning methods have been discussed and we have the following agreement.
	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 position 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 can be relaxed and timing drift could be mitigated as well. Considering the following sequential SL-PRS transmission:
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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 estimated Rx-Tx timing difference  The derivation error of the above RTT calculation method is analyzed as following.
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.
Proposal 1: Support the both the single-sided RTT based and double-sided RTT based methods for both absolute and relative SL positioning. 
Proposal 2: For double-sided RTT based methods, support not to restrict the SL-PRS transmission order.
SL-AoA based positioning method 
For SL-AoA based positioning method, there are two different approaches: traditional multi-antenna multi-RF chain approach and antenna switching approach, based on different RF architecture.
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Figure 3: Different RF architecture for AoA estimation
Approach 1 applies to the traditional AoA estimation method similar to that in Uu interface. AoA can be estimated based on the phase difference of the received signals across different antenna element. In this approach, only one-shot SL-PRS transmission is required.
Approach 2 applies to the single RF chain architecture, where a Rx UE needs to receive the SL-PRS by antenna switching. In this way, the AoA can be estimated as well by comparing the phase difference across different antenna element. This approach has the advantage of lower hardware complexity requirement. However, in this approach, multi-shot SL-PRS transmission/reception is necessary.
Proposal 3: Support the traditional AoA estimation-based method and antenna switching based AoA positioning method.
Proposal 4: SL-AoA based methods should be applicable to both absolute, relative positioning and ranging.
TDOA based positioning method
In TDOA positioning method, a UE needs to measure the TOA from multiple different nodes, e.g., TRP, RSU, etc.  Thus, TDOA positioning will involve at least three nodes, one measuring UE and two transmitting UE or vice versa. However, relative position/ranging focus on the distance and/or direction between different UE. It is straightforward that TDOA positioning method could not suit the relative/ranging positioning scenario. Hence, we think that TDOA-based positioning method should only focus on absolute positioning scenario where anchors’ locations are known, e.g., highway scenario with RSUs. 
Proposal 5: Support TDOA-based method for absolute positioning.
Note: For absolute positioning, the position of the transmitters, such as RSU, is known.
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 since the introduction of the Doppler frequency shift. To resolve the mobility issue, we propose a method based on Rx-Rx timing difference utilizing the high mobility characteristic to enhance the positioning accuracy.
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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Figure 5: Rx-Rx timing different measurement
As shown by the above figure, 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 a RSU at different time slot are different. Hence, the signal propagation time will change as well which leads to Rx timing drift. Based on this observation, we can localize the UE’s location at different time occasions jointly. The positioning 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 prior. 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 6: Support the Rx-Rx time difference based method for absolute SL positioning under the V2X scenario.

SL positioning Measurements
Sidelink positioning measurements can be determined according to the positioning methods. The supported measurements are summarized in the following:
Proposal 7: To support the above SL positioning methods, the following measurements should be reported:
RSTD and/or RTOA measurements for TDOA-based method
Rx-Tx timing difference for both single-sided and double-sided RTT based method
AoA for AoA-based method
Rx-Rx timing difference for Rx-Rx timing difference based positioning method.
The slots of the dedicated SL-PRS resource pool as discussed in section 4.2 can only be used for SL-PRS transmission (and possible PSCCH). The positioning relevant information, such as measurement results, should still be transmitted by the legacy communication resource pool, as the measurement results, which may reside in the RSPP layer, should be managed as a regular data service following the existing PDCP/RLC/MAC assembly procedure defined in PC5 interface.
Proposal 8: SL positioning measurement shall be treated as regular communication data, and be transparent to physical layer and transmitted over the communication resource pool.

SL-PRS design
SL-PRS sequence design
In RAN1#109e [1], the following proposal has been discussed:
Study further both the following options with regards to the sequence design for a potential SL Positioning Reference Signal:
· Option 1: ZC-based design, (e.g. similar to the sequences used for NR SRS)
· Option 2: Pseudorandom sequence (e.g. Gold sequence signals, similar to DL-PRS, or SL-CSI-RS). 
· Note 1: Companies are encouraged to consider at least the following aspects in their study: Benefit of PAPR aspects, high mobility, commonality with other SL-RS, performance evaluation(s) 
· Note 2: RAN1 shall strive to downselect one of the options
· Support/Accept Note as is
· Interdigital, Futurewei, CMCC, vivo, Intel, ZTE, Spreadtrum, CATT, DCM, LGE, Lenovo, NEC, Sharp, OPPO, Samsung, Xiaomi, Sony, Huawei, HiSilicon, Nokia, NSB
· Change the Note to “RAN1 should downselect one of the options”
· Qualcomm

In this section, we share our opinions about the above proposal. In the NR Uu positioning between gNB and UE, positioning reference signals include DL-PRS transmitted from gNB to UE and SRS transmitted from UE to gNB. The DL-PRS is generated based on the pseudo-random sequence, and the SRS is generated based on Zadoff-Chu (ZC) sequence. However, for SL positioning, especially in the V2X scenario, UE may move fast so the Doppler resulted from the relative movement between two UEs or between the UE and RSU is large. Since the positioning performance using ZC sequence is easily affected by the Doppler, the pseudo-random sequence is more robust than the ZC sequence for SL positioning. Besides, in the SL communication, the reference signals such as DMRS, PTRS, and CSI-RS are all generated based on the pseudo-random sequence. Consequently, in our opinion, SL-PRS sequences should be generated based on the pseudo-random sequences.
Proposal 9: The candidate SL-PRS sequences should support the pseudo-random sequences.
The pseudo-random sequences include the Gold, Kasmi, Weil sequences, and so on. The Uu PRS is generated based on the Gold sequence whose length can only be , in which  is an integer. The used sequence in the PRS is truncated from the original Gold sequence since the length of PRS sequence is determined by the resource allocation, and the truncation destroys the ideal property of cross-correlation between two distinct Gold sequences. In view of this, we propose Weil sequence whose length is not limited to . The length of the Weil sequence can be any prime number, which has more values than that of Gold sequence. Besides, the truncation of the Weil sequence has less effect on its cross-correlation properties than that of Gold sequence. 
The Weil sequence is generated from the Legendre sequence whose length can be any prime number. Suppose the Legendre sequence is  and  is a prime number. Then  when , and  if  and there is an integer  such that  is divisible by . Otherwise,  if  and there is not an integer  such that  is divisible by . The Weil sequence can be generated according to the following equation:

in which  represents the binary addition operator and different Weil sequences can be generated by modifying the value of .
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(b) Weil sequence

[bookmark: _Ref111141817]Figure 6: Cross-correlation of positioning reference signal based on truncated Gold and Weil sequences, respectively
In Figure 6, we show the cross-correlation between two truncated Gold sequences and between two Weil sequences, respectively. In the simulation, the bandwidth is 100MHz, the subcarrier spacing is 30KHz, the number of the subcarriers is 3264, and the staggering pattern is Comb-4. Therefore, the length of the sequence is . Take Gold sequence for example, we generated two Gold sequences whose length is 1632 by truncating the original one with the length as  where  is equal to 31 according to TS 38.211. Then we map the generated sequences to resource elements in the frequency domain, and convert them to the time domain. Afterwards, we calculate the cross-correlation in the time domain between two Gold sequences. The same procedure also applies to the Weil sequence and the Weil sequence is truncated from the original one with the length as 1637, which is a prime number. As we can see, the orthogonality of the truncated Weil sequence is better than that of the truncated Gold sequence. In detail, the cross-correlation of two different Gold sequences is 789.3 and the cross-correlation of Weil sequences is 694.3, which indicates the interference between Weil sequences is smaller than that between Gold sequences.
Observation 1: The orthogonality of the truncated Weil sequence is better than that of the truncated Gold sequence.
For SL positioning, the presence of interference from other transmitting UE is not negligible due to the lack of coordination, and therefore the interference as the result of cross-correlation between two SL-PRS sequences should also be considered.
Therefore, we have the following proposal.
Proposal 10: The Weil sequence should be considered for the SL-PRS sequence design.
SL-PRS pattern design
In RAN1#109e [1], SL-PRS structure, including frequency domain pattern, AGC/Gap symbol of SL-PRS has been discussed.
	Agreement
With regards to the frequency domain pattern, study further a Comb-N SL-PRS design. Study at least the following aspects:
· N>=1 (where N=1 corresponds to full RE mapping pattern)
· Fully staggered SL-PRS pattern (e.g., M symbols of SL-PRS with comb-N with M=N and, at each symbol a different RE offset is used), Partially staggered SL-PRS pattern (e.g., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used), Unstaggered SL-PRS patterns (e.g., M symbol(s) of SL-PRS with comb- N, at each symbol a same RE offset is used, N > 1)
· The number of symbols of SL-PRS within a slot
· Any relation to the comb-N option
· RE offset pattern repetitions within a slot
· FFS: Other frequency domain pattern(s)

Agreement
For a potential new SL PRS, study further the following
· Number of symbol(s) for AGC and/or Rx-Tx turnaround time
· Conditions under which AGC training and/or Rx-Tx turnaround time are needed



[bookmark: _Ref109749618]Frequency domain pattern
Regarding to the frequency domain pattern of SL-PRS, we prefer to at least support the partial staggered SL-PRS pattern, i.e., the symbols of SL-PRS is smaller than the comb size. The fully staggered pattern has been adopted in 5G Uu to support downlink related positioning methods, but the side-lobe may be out of the time correlation region of interest given the UE-UE distance using SL measurement may not be larger than 1us (300m).
Proposal 11: Support at least the partial staggered SL-PRS pattern, i.e., SL-PRS symbols should be less than the comb size.
Time domain pattern
It is mentioned before that V2X scenario where the UE has high mobility characteristic is one of the most important scenarios. High mobility incurs Doppler frequency shift to the transmitted SL-PRS. To improve the positioning accuracy, it is necessary to estimate and compensate the Doppler frequency shift, which is critical to achieve high accuracy positioning. Hence, the pattern design of SL-PRS should consider the effect of Doppler shift.
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 ensure that the SL-PRS always have the same frequency domain pattern on different symbol. The time domain repetition pattern of the SL-PRS can be adopted. One example of the repetition pattern can be that the pattern of the first SL-PRS symbol is the same as the last SL-PRS symbol as shown in the following:
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Figure 7: Example of time domain repetition pattern
As shown in the figure, by comparing the phase difference of  and  on the same RE, the Doppler shift can be estimated.
Proposal 12: Support the time domain repetition pattern, i.e., the frequency domain pattern the first SL-PRS symbol is the same as that of last SL-PRS symbol.

Resource pool for SL-PRS
In RAN1#109e [1], we have discussed the resource design for SL-PRS transmission. There are mainly two options:
· Option 1: Dedicated resource pool for SL-PRS
· Option 2: Shared resource pool with sidelink communication.
In this section, we provide our view on these two options.
	Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation/deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication.
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


Resource design for SL-PRS
For Option 2, SL-PRS transmission and data communication share the same resource pool, different slot structure designs are shown in the following:
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[bookmark: _Ref109910371]Figure 8: Example 1 of the shared resource pool design
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[bookmark: _Ref109983228]Figure 9: Example 2 of the shared resource pool design
In example 1 of shared design as Figure 8, the SL-PRS is always transmitted along with PSSCH. The SL-PRS has the same bandwidth as that of the PSSCH. In example 2 of shared design as Figure 9, the SL-PRS can be transmitted within some sub-channel whereas PSSCH can be transmitted within other sub-channels. For both designs, we see some disadvantages. These disadvantages are summarized as the following:
1) Limited available bandwidth: The positioning accuracy highly relies on the bandwidth of SL-PRS. In order to guarantee the positioning accuracy, larger bandwidth is desired. However, it is hard for a UE to find a lot with full BW for SL-PRS if resource pool is shared. Thus, the positioning accuracy will be compromised. On the other hand, even if all sub-channels are found available within a slot. This slot can only be occupied by one UE. Other UEs needs to find additional slots where all the sub-channels are available. This greatly decreases the multi-user capacity.
2) Compatibility problem: When SL-PRS and PSSCH are multiplexed within the same slot, a legacy R16/R17 UE cannot be aware of the existence of SL-PRS, which will cause the decoding failure of PSSCH, especially for the shared design of example 1. For example 2, since PSSCH and SL-PRS cannot be multiplexed within the same sub-channel, how to transmit 2nd stage SCI will be a big problem. 
3) Coupled communication and positioning: The demand for SL-PRS transmission does not come with the need for the PSSCH transmission. For example, for some positioning only devices, their main job is to do some SL-PRS transmitting and measuring with necessary reporting. With the shared resource pool design in example 1, SL-PRS can only be transmitted when there is data transmission, which limits the positioning capability.
Observation 2: Shared resource pool of SL-PRS with sidelink communication have the following disadvantages:
· Limited available bandwidth
· Potential compatibility problem with legacy UE
· Coupled communication and positioning behavior

In our opinion, the introduction of the dedicated SL-PRS resource pool avoids the above problems of the shared resource pool. Hence, the option 1, i.e., design a dedicated SL-PRS transmission resource pool, is our preference. The potential slot structure of the SL-PRS resource pool is shown in the following:
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Figure 10: Example of potential slot structure of SL-PRS resource pool
The advantages of designing a SL-PRS dedicated resource pool.
1) Higher flexibility: With a dedicated SL-PRS resource pool, it is able to achieve more flexible design of the SL-PRS resources and SCI. Different SL-PRS resources could be designed to occupy the same continuous frequency resources within the same slot, which is hard to be achieved within the legacy resource pool. In addition, a potential new SCI format could be designed only for positioning purpose without the constraint of extending or repurposing existing SCI-formats. 
2) Larger bandwidth and multi-user capacity: With the dedicated SL-PRS resource pool, a SL-PRS resource could more easily span the whole bandwidth of the resource pool without the constraint of the sub-channel structure and legacy sensing scheme. By configuring multiple orthogonal SL-PRS resources spanning the full bandwidth, different UEs could occupy different SL-PRS resources. In this way, both multi-user capacity and positioning accuracy can be guaranteed simultaneously. 
3) Independent communication and positioning: with dedicated SL-PRS resource pool, SL-PRS and communication could be transmitted within different resource pool. There will be less correlation between communication and positioning behavior. Each behavior could focus on its own purpose without consideration of the impact from another UE.
Observation 3: Dedicated resource pool for SL-PRS have the following advantages:
Flexible design of SL-PRS
Larger bandwidth and high accuracy
Independent communication and positioning behavior
Proposal 13: A dedicated resource pool for SL-PRS transmission should be supported.
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 PSSCH which carry the control and reservation information of the SL-PRS.
Proposal 14: Support PSCCH plus SL-PRS slot structure within the dedicated SL-PRS resource pool.
Configuration for dedicated resource pool 
One of the simple ways to configure the dedicated resource pool is to reuse the configuration procedure and signaling of the existing communication resource pool. The content of the positioning resource pool may need further study, such as, the SL-PRS configuration information needs to added, the time/frequency domain location needs to reserved, while other information irrelevant with SL-PRS (e.g. sl-PSSCH-Config-r16, sl-Additional-MCS-Table-r16, and so on) may not needed. 
Another configuration method is to determine the configuration of the positioning resource pool while configuring the communication resource pool. For example, the SL-PRS is sent on the reserved slots of the communication resource pool. 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 [2], when a resource pool is configured for the UE, some slots are excluded (shown in Figure 11). 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 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. Therefore, the reserved slots can be viewed as a type of dedicated SL-PRS resource pool.
[image: ]
[bookmark: _Ref101963589]Figure 11: 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 15: Consider the reserved slots as a part of the dedicated SL-PRS resource pool. 

Resource configuration and triggering mechanism
In RAN1#109e, the following agreement provide the study options with regards SL-PRS configuration/activation/triggering. We generally support Option 2 of both high-layer and low-layer involvement in the SL-PRS configuration and activation. In the following, we provide our views in detail.
	Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.



SL-PRS resource configuration/pre-configuration
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 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. 
Proposal 16: Support (pre-)configuration of SL-PRS within the SL-PRS resource pool in both mode 1 and mode 2.
SL-PRS activation/triggering
With the configured or pre-configured SL-PRS resources, low layer signaling could be used to activate/trigger the transmission of aperiodic SL-PRS. The biggest advantage of lower layer activation/triggering is that it achieves lower latency compared to high layer activation/triggering.
Between two different UE, when a UE activates/triggers SL-PRS transmission to another UE, SCI could be used for activating/triggering the transmission of SL-PRS. 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 future slot. 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.
Observation 3: Low layer signaling activation/triggering has the benefit of low latency.
Proposal 17: Support SCI-based for triggering the transmission of aperiodic SL-PRS.
For semi-persistent SL-PRS, it will be transmitted periodically once it is activated by a SL MAC CE, and for periodic SL-PRS, it will be transmitted periodically once it is configured; for both types of SL-PRS, they are not associated with further signaling indicating the actual transmission/reservation. This creates great impact on the sensing scheme design for mode 2, since such configuration or activation may not be received by all UEs interested in transmitting its own SL-PRS. Besides, periodic SL-PRS may leads to waste of the time/frequency resource because it would be transmitted even if certain positioning service has ended.
Proposal 18: Semi-persistent SL-PRS and periodic SL-PRS could be a lower priority than aperiodic SL-PRS.
Resource reservation
In addition, the resource reservation, if supported, can be multi-shots (e.g. up to 2 additional shots/occasions after the initial transmission also indicated by the SCI) or periodic (e.g. the periodicity is configured or preconfigured), similar to SL communication. 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.
Proposal 19: Support periodic resource reservation for SL-PRS transmission.
In each reserved occasion, the UE still needs to transmit the SCI to indicate the actual transmission of SL-PRS.

Resource allocation for SL-PRS
In RAN1#109e, two schemes of SL-PRS resource allocation have been discussed.
	Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· 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
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report



Resource allocation in Mode 1
In Mode 1, gNB controls the resource allocation for SL-PRS transmission. The general procedure can be described as follow. 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 schedules certain resources for transmitting the SL-PRS. The scheduled resource can be carried by physical signaling, such as DCI. For the request of SL-PRS, it can be transmitted by uplink signaling, such as MAC CE or UCI. As the requirement of SL-PRS, such as number of slots, it can be carried by uplink MAC CE or RRC rather than UCI due to the limit capacity of uplink physical layer signaling. The general diagram of resource allocation in Mode 1 can be illustrated by the following figure:
UE-B
UE-A
gNB
SL-PRS Request
(UCI/MAC)

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


Figure 12 diagram of resource allocation procedure in Mode 1
Proposal 20: SL-PRS transmission request should be carried by lower layer signaling, such as UCI or MAC CE, which also includes the requested SL-PRS characteristics.
Proposal 21: SL-PRS resource schedule information should be carried by DCI.
Resource allocation in Mode 2
In Mode 2, UE autonomous selects available resource for SL-PRS transmission based on the sensing results. This mode works for independent of the coverage situation. Based on the dedicated SL resource pool, the sensing based resource allocation can be designed in the following way.
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Figure 13: Example of design of PSCCH and SL-PRS
Each slot of the SL-PRS resource pool is divided into PSCCH symbols and SL-PRS symbols. PSCCH symbols is used for carrying the control information of the SL-PRS within the same slot and future slots. PSCCH symbols could be divided into several candidate position according to the number of SL-PRS resources of the dedicated resource pool, so that a mapping between PSCCH candidate positions and SL-PRS resource can be established. Such a mapping is important to avoid collision between PSCCH transmission if the resource exclusion for mode 2 is based on sensing of reservation for future SL-PRS.
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Reservation
SL-PRS4
SL-PRS2
Resource 4
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Resource 3
UE1
UE2
Sensing (excluding SL-PRS 2 in slot 5)
No PSCCH collision
Resource 2

[bookmark: _Ref109742870]Figure 14: Reservation scheme of the SL-PRS resource
An example of the resource allocation in mode 2 is shown in Figure 14. 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 reserve 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.
With the above analysis, we have the following proposal.
Proposal 22: The candidate PSCCH resources can be designed based on the pre-configuration of SL-PRS, such as number of SL-PRS resources.
Proposal 23: The mapping scheme between PSCCH resource and SL-PRS resource can be designed.

Power Control for SL-PRS transmission
In RAN1#109e, 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 24: 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 25: 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 orthogonality of the truncated Weil sequence is better than that of the truncated Gold sequence.
Observation 2: Shared resource pool of SL-PRS with sidelink communication have the following disadvantages:
Limited available bandwidth
Potential compatibility problem with legacy UE
Coupled communication and positioning behavior
Observation 3: Low layer signaling activation/triggering has the benefit of low latency.
Proposal 1: Support the both the single-sided RTT based and double-sided RTT based methods for both absolute and relative SL positioning. 
Proposal 2: For double-sided RTT based methods, support not to restrict the SL-PRS transmission order.
Proposal 3: Support the traditional AoA estimation-based method and antenna switching based AoA positioning method.
Proposal 4: SL-AoA based methods should be applicable to both absolute, relative positioning and ranging.
Proposal 5: Support TDOA-based method for absolute positioning.
Note: For absolute positioning, the position of the transmitters, such as RSU, is known.
Proposal 6: Support the Rx-Rx time difference based method for absolute SL positioning under the V2X scenario.
Proposal 7: To support the above SL positioning methods, the following measurements should be reported:
RSTD and/or RTOA measurements for TDOA-based method
Rx-Tx timing difference for both single-sided and double-sided RTT based method
AoA for AoA-based method
Rx-Rx timing difference for Rx-Rx timing difference based positioning method.
Proposal 8: SL positioning measurement shall be treated as regular communication data, and be transparent to physical layer and transmitted over the communication resource pool.
Proposal 9: The candidate SL-PRS sequences should support the pseudo-random sequences.
Proposal 10: The Weil sequence should be considered for the SL-PRS sequence design.
Proposal 11: Support at least the partial staggered SL-PRS pattern, i.e., SL-PRS symbols should be less than the comb size.
Proposal 12: Support the time domain repetition pattern, i.e., the frequency domain pattern the first SL-PRS symbol is the same as that of last SL-PRS symbol.
Proposal 13: A dedicated resource pool for SL-PRS transmission should be supported.
Proposal 14: Support PSCCH plus SL-PRS slot structure within the dedicated SL-PRS resource pool.
Proposal 15: Consider the reserved slots as a part of the dedicated SL-PRS resource pool. 
Proposal 16: Support (pre-)configuration of SL-PRS within the SL-PRS resource pool in both mode 1 and mode 2.
Proposal 17: Support SCI-based for triggering the transmission of aperiodic SL-PRS.
Proposal 18: Semi-persistent SL-PRS and periodic SL-PRS could be a lower priority than aperiodic SL-PRS.
Proposal 19: Support periodic resource reservation for SL-PRS transmission.
In each reserved occasion, the UE still needs to transmit the SCI to indicate the actual transmission of SL-PRS.
Proposal 20: SL-PRS transmission request should be carried by lower layer signaling, such as UCI or MAC CE, which also includes the requested SL-PRS characteristics.
Proposal 21: SL-PRS resource schedule information should be carried by DCI.
Proposal 22: The candidate PSCCH resources can be designed based on the pre-configuration of SL-PRS, such as number of SL-PRS resources.
Proposal 23: The mapping scheme between PSCCH resource and SL-PRS resource can be designed.
Proposal 24: Support to design SL-PRS power control scheme based on DL pathloss and SL pathloss.
Proposal 25: Support to use SL PRS as the pathloss reference signal.
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