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Introduction
 Regarding resource allocation for the transmission of SL positioning reference signal, the following is stated in the WID [1]:· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured. 


[bookmark: _Ref111129351]It is further agreed that SL PRS should support RTT-type solutions using SL, SL-AoA, and SL-TDOA. In this contribution we discuss resource allocation and sensing for SL PRS, more specifically the following issues:
· For scheme 1, how does the network configure and trigger SL PRS transmission 
· For scheme 2, how should SL PRS resources availability or occupancy be sensed by the UEs using these resources for one of the agreed positioning methods, but also by UEs outside of the procedures (for example, UEs using V2X communications, or UEs involved in a separate positioning session). 
· How do listening UEs receive the configuration of the SL PRS to be measured
· Which SL resource pools to use for higher layer signalling
· How resources transmission is triggered, and what is the time domain behaviour for SL PRS (periodic, aperiodic, semi persistent)

Additional issues are discussed in our companion contributions on reference signal design in [2] and SL positioning measurements and reporting in [3].
Resource allocation of SL PRS
Scheme 1 scenarios
When resource allocation is performed using scheme 1, the transmitting UE will transmit resources according to the gNB control signalling. The listening UEs are in coverage and therefore can receive the SL PRS configuration as assistance data from the LMF.  For UE assisted positioning, the measurement report is sent to the LMF.  For the partial coverage case where the listening UE is out of network coverage, the transmitting UE is in range of the listening UE and can act as a relay for LPP messages between the listening UE and the LMF.  
[bookmark: _Toc127549619]When the transmitting UE is operating with Scheme 1, resource allocation is controlled by the gNB.
[bookmark: _Toc127549620]The listening UEs receives the SL PRS configuration via higher layers, i.e. from the LMF when the UE is in coverage. 

When the UE is using Scheme 1, SL-PRS may be transmitted either in an aperiodic (one-shot) fashion, or over longer time periods, either in a semi-persistent way with start/stop orders, or periodically. Periodic transmission is particularly suitable if the UE coverage situation is known, e.g., for RSUs with network coverage. 
[bookmark: _Toc127549621]For SL-PRS in Scheme 1, support aperiodic (DCI based), semi-persistent and periodic (RRC configured) transmission. 
a. [bookmark: _Toc127549622]FFS: how to start and stop semi-persistent transmission


Scheme 2 scenarios
When SL is operating with resource allocation Scheme 2, the UE must rely on sensing to find available resources to reserve, and additionally notify other UEs of reserved resources. Therefore, we see that there is no need to define any other transmission scheme than aperiodic transmission using SCI. The difference between Scheme 1 and Scheme 2 lies in how the transmitting UE allocates SL PRS and which nodes informs the listening UE of the configuration of SL PRS. 
For the listening UE, the reception of the SL PRS configuration is in our view made over higher layers in both Scheme 1 and Scheme 2. However, when using Scheme 2, the listening UE should receive the SL PRS configuration from the transmitting UE’s higher layers. 

As stated above, the resource allocation of the transmitting UE is done based on sensing of the available resources. Sensing should therefore always be possible for the SL PRS resources, even for UEs not involved in the positioning session. This is the key difference with Scheme 1, where the gNB sends a SL PRS resource to the UE and coordinates transmissions. Therefore, we propose to decouple the SL PRS resource configuration mechanism between the transmitting UE and listening UEs, which can be sent over higher layers, from the sensing information and potentially also triggering of the SL-PRS, which need to be sent over SCI so it can be monitored by all UEs. SCI thus only provides information that applies to sensing, i.e., which REs is occupied on the time-frequency grid and potentially a SL PRS trigger. 
For SL PRS triggering, it is possible to include, e.g., a resource indicator in SCI. The rational with using a SCI-based trigger is that transmission of SL PRS configuration can take time and to maximize the chance of finding available resources, a UE should trigger transmission close to the actual SL PRS transmission. Alternatively, higher layer triggering can be used. However, in that case, resource collision may be more frequent, since the decision to send the trigger has to be taken well before transmitting the PRS. Further views on sensing are provided in section 4 of this contribution. 

[bookmark: _Toc127549623]For SL-PRS under Scheme 2, support aperiodic transmission with SCI based sensing / transmission notification. 
[bookmark: _Toc127549624]For SL PRS under Scheme 2, the SL PRS resources configurations are shared between UEs over higher layers or via pre-configurations. 
b. [bookmark: _Toc127549625]FFS: what parameters can be selected by the UEs and what parameters are fixed by pre-configurations.
[bookmark: _Toc127549626]For SL PRS under Scheme 2, the triggering of the SL PRS transmission is
c. [bookmark: _Toc127549627]Option 1 in SCI
d. [bookmark: _Toc127549628]Option 2 over higher layers


Sensing and indication of SL PRS resources
SL PRS resources in shared resource pools
[bookmark: _Hlk127220178]In a shared resource pool, non-positioning V2X UEs need to be able to assess whether a slot is taken by other UEs, irrespectively of if they are using positioning or other V2X resources, as previously stated. It is therefore important that SL PRS resource allocation support legacy sensing. 

[bookmark: _Toc127549639][bookmark: _Hlk127547147]Resource allocated for SL PRS in the shared resource pools should be possible to sense by non-positioning (legacy) UEs
 
An open question is how to assess the priority of positioning services relative to other V2X services, as well as relative to other positioning services. Since the priority is central for the resource allocation procedures, this need to be studied. Related to this is how the resource allocation procedure should handle potential collisions between SL PRS and data transmissions.
[bookmark: _Toc127549629]Resource allocation for the SL PRS in a shared resource pool uses SCI for the purpose of sensing. SCI for SL PRS allocation contains the same resource allocation information as legacy V2X:
e. [bookmark: _Toc127549630]Frequency resource assignment in subchannels
f. [bookmark: _Toc127549631]Time resource assignment
g. [bookmark: _Toc127549632]Resource reservation period
· [bookmark: _Toc127549633]FFS: use of additional fields for positioning 
[bookmark: _Toc127549634]Priority handling of SL positioning and other V2X services, and potential modifications to resource allocation procedures, need to be studied.
 
Issue of SCI hearability
Once the resources have been selected for SL PRS transmission, in our view, the higher layers configures the positioning UEs about where to transmit and receive SL PRS, and additionally inform legacy UEs about allocations in the SCI. Unlike for communication, multiple UEs may TDM their transmissions within a slot due to the short nature of the SL PRS, as discussed in our companion paper [2]. 
For positioning events involving a number of UEs distributed over a larger geographical area, multiplexing their PRSs in the same slot, hearability of the transmitted reservation message may become an issue. It may happen that the reservation message for a SL-PRS transmission to a target UE is not heard at a UE on the opposite side of the UE positioning deployment. To alleviate such problems, it could be considered that two or more UEs involved in a positioning session jointly reserves the resources, by transmitting the same SCI message. The content of the reservation message could be coordinated through higher layer signaling and repeated by multiple UEs.
[bookmark: _Toc127549635]To reduce the probability of collisions, coordinated transmission of reservation messages in SCI should be studied 
SL PRS in dedicated resource pools
SCI based sensing
In a dedicated resource pool, there is no need to be backward compatible with V2X UEs. Therefore, the SCI can be compressed and only include what is strictly required for SL PRS sensing. The fields to be included should allow sensing, and depend on: 
· whether the SL PRS bandwidth can vary or if it is constant for all resources in the pool,
· depends on whether resource indication should be in SCI or over higher layer. 
Additionally, omitting destination ID in the SCI can be a good way to preserve the privacy of the UE transmitting the SL PRS.  

[bookmark: _Toc127549636]SCI for SL PRS in dedicated resource pool is used to assist sensing and includes at least time domain resource allocation and resource reservation periods.
· [bookmark: _Toc127549637]FFS: additional fields, including priority, frequency domain resource allocation and SL PRS resource indication

Resource reservation in shared pool for SL PRS in dedicated pool
One design option is to use signalling in the shared pool to reserve SL-PRS resources in a dedicated pool. The benefit of this would be that the dedicated pool can contain SL-PRS only, apart from potential guard and AGC settling symbols, simplifying the design. Additionally, the reservation message, depending on designs, could get protection by HARQ retransmissions. 
To allow for coexistence between different positioning and ranging sessions, taking place between different set of UEs, sensing based on resource reservation messages should be allowed to reduce interference and mange quality of service. To allow for that, the reservation message need to be broadcasted, either in the form of an SCI or in a predefined message format in PSSCH. The options are at least the following,
· Define a new SCI format for positioning, allowing a new second stage SCI to contain a reservation message.
· Reuse existing PSCCH/PSSCH design, and target positioning UEs with a dedicated Layer 2 ID, and with PSSCH carrying a predefined message format. 
Even though resource reservation in a shared pool may be attractive to simplify the design of the dedicated pool, it comes with some drawbacks. There need to always be a one-to-one mapping between a shared and a dedicated pool. Additionally, if a new second stage SCI is defined for resource reservation in a shared pool, the data payload of the PSSCH will likely be empty, wasting resources. Additionally, the complexity of sensing would increase compared to a design with a reservation message in a dedicated channel in the dedicated pool.     

Allocation for positioning higher layer signalling
During the study item phase, RAN1 discussed whether PSSCH and PSCCH for the purpose of carrying data, e.g., to carry positioning signalling, should be part of a dedicated positioning pool together with SL PRS.
In all likelihood, for most scenarios dedicated SL PRS pools will coexist with existing resource pools for sidelink V2X. In order not to further diminish the resource availability for V2X, it is desirable not to take more resources than needed in a dedicated pool. Thus, we support the use of existing SL V2X pools for data communications needed for positioning, e.g., for positioning higher layer signalling for assistance data, positioning measurements configuration and reporting. 

[bookmark: _Toc127549638]A  dedicated pool for positioning does not includeany channel for payload data, e.g. PSSCH.



Conclusions
 In the previous sections we made the following observations and proposals: 
Observation 1	Resource allocated for SL PRS in the shared resource pools should be possible to sense by non-positioning (legacy) UEs
 
Proposal 1	When the transmitting UE is operating with Scheme 1, resource allocation is controlled by the gNB.
Proposal 2	The listening UEs receives the SL PRS configuration via higher layers, i.e. from the LMF when the UE is in coverage.
Proposal 3	For SL-PRS in Scheme 1, support aperiodic (DCI based), semi-persistent and periodic (RRC configured) transmission.
a.	FFS: how to start and stop semi-persistent transmission
Proposal 4	For SL-PRS under Scheme 2, support aperiodic transmission with SCI based sensing / transmission notification.
Proposal 5	For SL PRS under Scheme 2, the SL PRS resources configurations are shared between UEs over higher layers or via pre-configurations.
a.	FFS: what parameters can be selected by the UEs and what parameters are fixed by pre-configurations.
Proposal 6	For SL PRS under Scheme 2, the triggering of the SL PRS transmission is
a.	Option 1 in SCI
b.	Option 2 over higher layers
Proposal 7	Resource allocation for the SL PRS in a shared resource pool uses SCI for the purpose of sensing. SCI for SL PRS allocation contains the same resource allocation information as legacy V2X:
a.	Frequency resource assignment in subchannels
b.	Time resource assignment
c.	Resource reservation period
-	FFS: use of additional fields for positioning
Proposal 8	Priority handling of SL positioning and other V2X services, and potential modifications to resource allocation procedures, need to be studied.
Proposal 9	To reduce the probability of collisions, coordinated transmission of reservation messages in SCI should be studied
Proposal 10	SCI for SL PRS in dedicated resource pool is used to assist sensing and includes at least time domain resource allocation and resource reservation periods.
-	FFS: additional fields, including priority, frequency domain resource allocation and SL PRS resource indication
Proposal 11	A  dedicated pool for positioning does not includeany channel for payload data, e.g. PSSCH.
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