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Introduction
A new work item on expanded and improved NR Positioning was approved in RAN#98-e meeting [1], with one of the objectives to “specify solutions for support of sidelink positioning (including ranging) in NR systems”, with one of the detailed objectives as follows:
	· 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.


In this document, we share our views on a few aspects of resource allocation for SL-PRS.
Discussion
SL-PRS resource
Before the discussion of the details of SL-PRS resource allocation, RAN1 should first discuss and agree upon the definition of a “SL-PRS resource”, which in our view should correspond to the minimum granularity of SL-PRS resource allocation.
On one hand, the granularity of SL-PRS resource allocation should be sufficiently fine in order to support flexible resource allocations. On the other hand, since it has been agreed in the study item phase that “SCI can be used for reserving/indicating one or more SL-PRS resource(s)”, the (physical layer) signalling overhead of SL-PRS resource indications should be kept at a reasonable level while supporting reservation of SL-PRS resources for a number of SL-PRS transmissions (e.g. in proportion to the number of anchor UEs). Therefore, we propose to define a SL-PRS resource such that it corresponds to a comb within a Comb-N pattern with M symbols in a slot. In order to be backward compatible with legacy sidelink design, the M symbols have to be part of the set of sidelink symbols in the slot.
Proposal 1: A SL-PRS resource corresponds to REs of a comb within an M-symbol Comb-N pattern.
· The M symbols are sidelink symbols as configured in Rel-16 NR SL.
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Figure 1. SL-PRS resources
Furthermore, for the purpose of resource allocation, it is proposed to support multiple granularities, e.g. a single SL-PRS resource, or all SL-PRS resources within M symbols, or all SL-PRS resources in a slot.
Proposal 2: Multiple granularities are supported in SL-PRS resource allocation.
Resource pool
Common aspects of resource pool
A SL-PRS transmission can take place in either a shared resource pool (which is also used for sidelink communications for Rel-16 and later UEs) or a dedicated resource pool (which is used for SL-PRS transmissions, and maybe also other transmissions, depending on further RAN1 agreements).
In our view, use of a shared resource pool or a dedicated resource pool does not need to rely on the resource allocation scheme, therefore, we propose to support both in each resource allocation scheme. Indication/selection of a resource pool in legacy NR SL can be simply reused, i.e. in resource allocation scheme 1, a resource pool (which is either a shared resource pool or a dedicated resource pool) is indicated in the DCI scheduling SL-PRS transmission(s), and in resource allocation scheme 2, a resource pool (either a shared resource pool or a dedicated resource pool) is autonomously selected for data available in a logical channel by the TX UE.
Proposal 3: In each of resource allocation scheme 1 and resource allocation scheme 2, both shared resource pools and dedicated resource pools are supported.
It was also agreed during the study item phase that “either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-) configured for SL-PRS”. In our understanding, this implies that a SL BWP can be configured with only shared resource pools, or only dedicated resource pools, or both shared resource pools and dedicated resource pools. Again, we think this should be independent of resource allocation scheme, and propose to apply it to both resource allocation scheme 1 and resource allocation scheme 2.
Proposal 4: In each of resource allocation scheme 1 and resource allocation scheme 2, for the purpose of SL-PRS resource allocation, a SL BWP can be configured with only shared resource pools, or only dedicated resource pools, or both shared resource pools and dedicated resource pools.
Furthermore, we think the resource configuration flexibility brought by muting for DL-PRS is crucial for interference avoidance, and should thus be introduced also for SL-PRS. One possible way of realizing muting is to apply the (pre-) configured muting pattern(s) to a resource pool, such that no SL-PRS transmission is allowed on any muted SL-PRS resource.
Proposal 5: Muting is supported for SL-PRS.
· The muting functionality as specified for DL-PRS can be considered as a starting point.
Shared resource pool
A shared resource pool is expected to be used for both sidelink positioning and sidelink communications, and to be backward compatible with legacy (i.e. Rel-16 and Rel-17) UEs. This imposes some restrictions on SL-PRS transmissions (e.g. the main purpose of the shared resource pool may be for sidelink communications, with a limited bandwidth, and a corresponding limited sidelink positioning accuracy). On the other hand, it also has the benefit of enabling the deployment of the sidelink positioning feature in an existing NR sidelink system configured with only legacy resource pools.
To allow full configuration flexibility, whether a legacy resource pool supports SL-PRS transmission should be configurable.
Proposal 6: A legacy resource pool can be configured to be either a shared resource pool (for SL-PRS transmissions), or not a shared resource pool (for SL-PRS transmissions).
· By default, a legacy resource pool is not a shared resource pool.
In a shared resource pool, in order to achieve backward compatibility with legacy UEs, determination of slots for such a resource pool should be the same as that for a legacy resource pool.
Proposal 7: Determination of the set of slots for a resource pool in Rel-16 NR SL is reused for a shared resource pool.
Furthermore, for a shared resource pool, resource reservation/allocation should also be backward compatible with legacy NR SL UEs, i.e. a SL-PRS should be transmitted within a resource reserved/allocated by the legacy “frequency resource assignment”, “time resource assignment”, and “resource reservation period” fields in SCI format 1-A.
Proposal 8: In a shared resource pool, a SL-PRS is transmitted within a resource reserved/allocated by SCI format 1-A, i.e. reservation of the resource is same as in Rel-16 NR SL.
Dedicated resource pool
A dedicated resource pool is expected to be only used for sidelink positioning purposes, and can only be used by Rel-18 UEs supporting/enabling the sidelink positioning feature. Therefore, it should not be visible to UEs not supporting/enabling sidelink positioning.
On the other hand, dedicated resource pools and shared resource pools and legacy resource pools are expected to be configured in a same SL BWP, therefore, at least the determination of the set of slots for a dedicated resource should be backward compatible with that for a legacy resource pool (although that does not necessarily mean a full reuse of the latter).
Proposal 9: Configuration of a dedicated resource pool for SL-PRS in the time-domain is backward compatible with that of a resource pool in Rel-16 NR SL, i.e. a bitmap is used to select slots in the set  as specified in clause 8 of TS 38.214.
Resource allocation scheme
Resource allocation scheme 1
For resource allocation scheme 1 (i.e. network-centric SL-PRS resource allocation), the following were agreed during the study item phase:
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS.
· Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable
In resource allocation scheme 1, similarly to identification of appropriate TRPs for DL-PRS transmissions for a target UE in Uu-based positioning, the LMF may be able to identify (or to help speedup identification of) a number of anchor UEs (e.g. RSUs) for the target UE, and to coordinate SL-PRS transmissions/measurements for the involved UEs.
Proposal 10: For resource allocation scheme 1, specify mechanisms for LMF to assist a target UE to identify anchor UE(s), e.g. by providing a list of candidate anchor UEs.
On the other hand, for the purpose of allocating one or more resources for the UE, in our view, signalling from the LMF can only be applicable for periodic SL-PRS and semi-persistent SL-PRS, and not for aperiodic SL-PRS. Therefore, we propose to adopt Opt. 2. Furthermore, choice of Opt. 1 vs. Opt. 2 has a great impact upon the configuration/reservation of SL-PRS resources, and so we do not think it is suitable to leave the decision to RAN2.
Observation 1: In resource allocation scheme 1, whether SL-PRS resources should be allocated by higher layers from LMF or by dynamic/configured grant from gNB should be decided by RAN1.
Proposal 11: In resource allocation scheme 1, SL-PRS resources are allocated by dynamic grant, or by configured grant type 1/type 2 from gNB (e.g. as instructed by LMF).
Resource allocation scheme 2
For resource allocation scheme 2 (i.e. UE autonomous SL-PRS resource allocation), it was agreed during the study item phase that “at least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS”. Furthermore, it is stated in the objectives of the WID that “sensing-based resource allocation, and/or a random resource selection” and “inter-UE coordination for SL PRS” should be studied and specified.
In order not to complicate the design for the above mentioned functionalities, we propose to reuse a same resource allocation principle in legacy NR SL “mode 2”, that resources are reserved/allocated/coordinated with control signalling in a same resource pool, i.e. no “cross-pool” operation is supported in resource allocation scheme 2.
Proposal 12: In resource allocation scheme 2, SL-PRS resources in a resource pool are reserved/allocated/coordinated by control signalling (e.g. SCI) in the same resource pool.
One potential performance issue of scheme 2 based sidelink positioning is that, the overall delay may increase as the number of anchor UEs increases, if each SL-PRS resource has to be autonomously selected by its TX UE (as in resource allocation mode 2 in NR sidelink communications). We think this should be considered at the beginning of the design of resource allocation scheme 2, and we don’t think this can be addressed by reusing the Rel-17 Inter-UE coordination framework.
Observation 2: In resource allocation scheme 2, the overall delay may scale with the number of anchor UEs if each SL-PRS resource has to be autonomously selected by its TX UE.
Observation 3: The Rel-17 Inter-UE coordination framework cannot reduce the overall delay due to autonomous SL-PRS resource selection.
Proposal 13: For resource allocation scheme 2, specify mechanisms to cap the overall delay due to autonomous SL-PRS resource selection.
Resource allocation for broadcast SL PRS
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Figure X: Positioning for V2X scenario with multiple RSUs
For positioning in the V2X use-case with RSU, one typical scenario is shown in Figure 1. On roads which a lot of cars pass through, RSUs may be deployed with a certain spacing between one another. Each car calculates its location by using signal and data from multiple RSUs. For example, the multiple RSUs may transfer the assistance information (e.g. SL-PRS configuration, RSU’s location information) to a vehicle UE. In this case, the vehicle UEs may not need to exchange signal or data with other vehicle UEs. In this use case with one-way signaling from a UE-type RSU to a vehicle UE, session-based operation may cause a signaling overhead. In contrast, session-less operation with broadcast SL PRS transmission may be more beneficial to reduce the overhead. 
Prior to the SL PRS measurement, the Rx UE should be aware of not only the resource pool for the SL PRS but also more detailed SL PRS parameters such as sequence information and SL PRS resource information. Otherwise, the UE has to blind detection with all the combinations of the SL PRS parameters, which forces the UE to do too much processing. When the network or the TxUE determines SL PRS parameters (e.g. sequence ID and SL PRS resource ID), the Rx UE needs to be informed the SL PRS parameters from either the network or the Tx UE.
Observation 4: When the network or the TxUE determines SL PRS parameters (e.g. sequence ID and SL PRS resource ID), the Rx UE needs to be informed the SL PRS parameters.
For the signaling of the SL PRS parameters, there are four options:
· Option 1: Dedicated RRC configuration
· Option 2: Broadcast information from the network
· Option 3: PC5-RRC configuration
· Option 4: Broadcast information from the Tx UE
Obviously, Opition 1 and Option 2 cannot cover out-of-coverage cases. For Option 3, the Tx UE and the Rx UE have to always establish PC5-RRC connection prior to SL PRS measurement. However, this is not suitable for the scenario shown in Figure X, because it conflicts with the session-less operation concept for that scenario. Therefore, at least broadcast information from the Tx UE should be supported to inform the Rx UE of the SL PRS parameters. As for the broadcast information, SL-SSB might be considered. However, The SL-PRS parameter information including at least SL sequence ID and SL-PRS resource ID would be close to 30 bits or more, and as such it is difficult to provide such information through SL-SSB. In addition, SL-SSB is not always transmitted by every single SL UE. By these reasons, SL-SSB is not a valid option. Another option is SCI. Considering the unified signaling design for unicast and broadcast as well as the reservation function by SCI, SCI based scheme is preferable. 
Proposal 14: SCI is used for the signaling of the parameters of broadcast SL PRS.

Conclusion
In this contribution, we discuss a few aspects relating to resource allocation for SL-PRS, and make the following observations and proposals.
Observation 1: In resource allocation scheme 1, whether SL-PRS resources should be allocated by higher layers from LMF or by dynamic/configured grant from gNB should be decided by RAN1.
Observation 2: In resource allocation scheme 2, the overall delay may scale with the number of anchor UEs if each SL-PRS resource has to be autonomously selected by its TX UE.
Observation 3: The Rel-17 Inter-UE coordination framework cannot reduce the overall delay due to autonomous SL-PRS resource selection.
Observation 4: When the network or the TxUE determines SL PRS parameters (e.g. sequence ID and SL PRS resource ID), the Rx UE needs to be informed the SL PRS parameters.
Proposal 1: A SL-PRS resource corresponds to REs of a comb within an M-symbol Comb-N pattern.
· The M symbols are sidelink symbols as configured in Rel-16 NR SL.
Proposal 2: Multiple granularities are supported in SL-PRS resource allocation.
Proposal 3: In each of resource allocation scheme 1 and resource allocation scheme 2, both shared resource pools and dedicated resource pools are supported.
Proposal 4: In each of resource allocation scheme 1 and resource allocation scheme 2, for the purpose of SL-PRS resource allocation, a SL BWP can be configured with only shared resource pools, or only dedicated resource pools, or both shared resource pools and dedicated resource pools.
Proposal 5: Muting is supported for SL-PRS.
· The muting functionality as specified for DL-PRS can be considered as a starting point.
Proposal 6: A legacy resource pool can be configured to be either a shared resource pool (for SL-PRS transmissions), or not a shared resource pool (for SL-PRS transmissions).
· By default, a legacy resource pool is not a shared resource pool.
Proposal 7: Determination of the set of slots for a resource pool in Rel-16 NR SL is reused for a shared resource pool.
Proposal 8: In a shared resource pool, a SL-PRS is transmitted within a resource reserved/allocated by SCI format 1-A, i.e. reservation of the resource is same as in Rel-16 NR SL.
Proposal 9: Configuration of a dedicated resource pool for SL-PRS in the time-domain is backward compatible with that of a resource pool in Rel-16 NR SL, i.e. a bitmap is used to select slots in the set  as specified in clause 8 of TS 38.214.
Proposal 10: For resource allocation scheme 1, specify mechanisms for LMF to assist a target UE to identify anchor UE(s), e.g. by providing a list of candidate anchor UEs.
Proposal 11: In resource allocation scheme 1, SL-PRS resources are allocated by dynamic grant, or by configured grant type 1/type 2 from gNB (e.g. as instructed by LMF).
Proposal 12: In resource allocation scheme 2, SL-PRS resources in a resource pool are reserved/allocated/coordinated by control signalling (e.g. SCI) in the same resource pool.
Proposal 13: For resource allocation scheme 2, specify mechanisms to cap the overall delay due to autonomous SL-PRS resource selection.
Proposal 14: SCI is used for the signaling of the parameters of broadcast SL PRS.
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