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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
Shared resource pool
The following was agreed in RAN1#112bis-e,
	Agreement
For SL-PRS transmission, either dedicated resource pool(s) or shared resource pool(s) or both can be (pre-)configured in the only SL BWP of a carrier. 
· A UE can be (pre-)configured with one or more dedicated SL resource pools.
· A UE can be (pre-)configured with one or more shared SL resource pools.


For shared resource pools, one remaining issue is how a resource pool is configured as a 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 1: A legacy resource pool can be configured (by SL-ResourcePool-r16) to be either a shared resource pool, or not a shared resource pool.
· By default, a legacy resource pool configured by SL-ResourcePool-r16 is not 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.
The following was agreed in RAN1#112bis-e,
	Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI


A legacy UE is not supposed to be able to decode a PSSCH multiplexed with SL-PRS, therefore, a new 2nd stage SCI format has to be introduced such that a legacy UE does not bother attempting to decode the PSSCH whenever the 2nd stage SCI format indicated in SCI format 1-A is not supported.
Proposal 2: With regards to the SCI signaling in a shared resource pool, a new 2nd stage SCI format is introduced.
The following was agreed in RAN1#112bis-e,
	Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS


First of all, for PSCCH and SL-PRS multiplexing in a shared resource pool, in our understanding only Alt. B.1 (i.e. TDM) is backward compatible with legacy UEs (which are supposed to be also capable of decoding the PSCCH).
Proposal 3: With regards to PSCCH and SL-PRS multiplexing in a shared resource pool, support Alt. B.1 (i.e. “only TDMing is supported”).
And for PSSCH and SL-PRS multiplexing, we think at least Alt. A.3 is not well justified (i.e. no clear benefit in supporting both Alt. A.1 and Alt A.2 at the cost of additional workload). Regarding Alt. A.1 vs. Alt. A.2, we think Alt. A.1 is simpler and is thus more preferred. We could also be fine with Alt. A.2 as a second preference.
Proposal 4: With regards to PSSCH and SL-PRS multiplexing in a shared resource pool, do not further consider Alt. A.3 (i.e. “both Alt. A.1 and A.2 are supported in the specification”).
For support of 2nd stage SCI and/or SL-SCH in PSSCH, in our understanding, both Alt. C.1 and Alt. C.3 require quite some changes to the PSSCH design since Rel-16, without any clear benefit (e.g. Alt. C.2 can already be used to carry a 2nd stage SCI and a “dummy” SL-SCH, if there is a concern about the support for a scenario of “2nd stage SCI only”). Therefore, we think Alt. C.2 should be supported.
Proposal 5: With regards to support of 2nd stage SCI and/or SL-SCH in PSSCH multiplexed with SL-PRS in a shared resource pool, support Alt. C.2 (i.e. “2nd SCI and SL-SCH”).
Dedicated resource pool for positioning
The following was agreed in RAN1#112bis-e,
	Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH


Regarding the FFS above, it is unclear how sensing can be done if SL-PRS in a slot comes with no associated PSCCH. Even if the intention was that multiple SL-PRS can be associated with a single PSCCH in a slot of a first SL-PRS, with the lack of an associated PSCCH in each slot the control signaling robustness (in terms of sensing) is proportionally degraded. Therefore, we propose that the FFS is resolved by not supporting it.
Proposal 6: In a dedicated resource pool for positioning, each SL-PRS resource is associated with a PSCCH which is TDMed with the SL-PRS in the same slot.
Regarding SCI contents for a dedicated resource pool, the following is the latest FL proposal in RAN1#112bis-e,
	Feature Lead Proposal 3.2.5-v1
In the dedicated resource pool, SCI for SL-PRS should at least include the following fields:
· Source ID
· Destination ID
· Resource reservation period
· SL-PRS Priority
· FFS: Cast type
· SL-PRS configuration and/or time-frequency assignment information:
· FFS: Details
· Consider further the following options (or combination of them):
· Opt. 1: SCI includes a SL-PRS resource ID that indicates one of the SL-PRS resource(s) that have been provided to the UE with higher layer signaling
· Opt. 2: Explicit field(s) for the indicated SL-PRS pattern & assignment
· E.g., number of symbols, comb size and RE offset, sequence ID, Time-domain resource assignment, Frequency-domain resource assignment
· 24-bit CRC Field
· FFS: SL-PRS request
· FFS: Positioning Session ID
· FFS: Additional fields


In our view, first of all, similarly to SL communications, Source ID and Destination ID are definitely needed, but it should be clarified that they are Layer 2 IDs, because the part of Layer 2 IDs which are indicated in MAC headers are not possible in a dedicated resource pool not supporting PSSCH. Resource reservation period, SL-PRS priority and cast type should serve very similar purposes as those in SL communications.
Proposal 7: In a dedicated resource pool, SCI for SL-PRS should at least include the following fields,
· Layer 2 source ID.
· Layer 2 destination ID.
· Resource reservation period.
· SL-PRS priority.
· Cast type.
With regards to time/frequency assignment related fields, with the RAN1 agreement in RAN1#112bis-e on “SL-PRS resource ID” we don’t see any need to indicate comb size, RE offset, number of symbols etc in SCI. Instead, a SL-PRS resource ID, which can be used to uniquely identify a SL-PRS resource in a slot, should be indicated in SCI.
With regards to the interval between the allocated/reserved SL-PRS resources, in consideration of low positioning latency, high resource utilization and future-proofness (e.g. support for beam-based operations), we propose to allow the interval to be flexibly configured, e.g. to be in slots, or in SL-PRS occasions. Specifically, if the interval is in slots, then a “TRIV” can indicate a few SL-PRS resources, each with a same SL-PRS resource ID and in different slots, or if the interval is in SL-PRS occasions, then a “TRIV” can indicate a few SL-PRS resources, each with a same SL-PRS resource ID and in different SL-PRS occasions in a slot.
Proposal 8: In a dedicated resource pool for positioning, for aperiodic reservations, SCI indicates a few SL-PRS resources with a same SL-PRS resource ID.
· The interval between two adjacent SL-PRS resources is configurable (e.g. to be in slots, or in SL-PRS occasions).
Resource allocation scheme 1
The following was agreed in RAN1#112bis-e,
	Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details


For SL-PRS transmissions in a shared resource pool, since each SL-PRS transmission is multiplexed with a PSCCH/PSSCH transmission, the legacy DCI format 3_0 for scheduling PSCCH/PSSCH transmissions can be fully reused. One issue is whether the decision of multiplexing a SL-PRS transmission within a scheduled PSCCH/PSSCH transmission is made at the gNB or the scheduled UE. Since in SL communications it is up to the UE to select an appropriate TB (by mapping of the scheduled HARQ ID to an actual SL process with UE implementations), we think it is desirable here to also allow the UE to decide whether it is appropriate or necessary to multiplex a SL-PRS transmission within a scheduled PSCCH/PSSCH transmission (i.e similarly to multiplexing of SL-CSI-RS in a PSCCH/PSSCH transmission).
Proposal 9: For resource allocation scheme 1, for PSCCH/PSSCH transmissions scheduled by a DCI format 3_0 in a resource pool,
· If SL-PRS is not configured in the resource pool, no SL-PRS transmission is allowed to be multiplexed in the PSCCH/PSSCH transmissions (i.e. legacy UE behavior).
· If SL-PRS is configured in the resource pool, it is up to the scheduled UE whether to multiplex a SL-PRS transmission in each PSCCH/PSSCH transmission (i.e similarly to multiplexing of SL-CSI-RS in a PSCCH/PSSCH transmission).
For SL-PRS transmissions in a dedicated resource pool, introduction of a new DCI format has the following drawbacks:
· Additional configuration options for combinations of SL DCI formats have to be discussed and agreed.
· Size alignment of SL DCI formats have to be discussed and agreed.
The above can be mostly avoided by introducing a new RNTI for DCI format 3_0 (for scheduling of SL-PRS) instead. Part of the fields of DCI format 3_0 can be different depending on the RNTI used to scramble the DCI CRC (i.e. similarly to the design of Uu DCI formats).
Proposal 10: DCI format 3_0 with CRC scrambled by a new RNTI is used to schedule SL-PRS transmission(s) in a dedicated resource pool for positioning.
Resource allocation scheme 2
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, where each UE still autonomously select resources for its own SL transmissions (e.g. in terms of SL positioning, each anchor UE has to respectively select SL-PRS resources after it is triggered by another UE to transmit SL-PRS). Instead, it should be allowed for a UE (e.g. a target UE, or a server UE) to reserve a SL-PRS resource for another UE (e.g. an anchor UE, or a target UE).
Observation 1: 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 2: The Rel-17 Inter-UE coordination framework cannot reduce the overall delay due to autonomous SL-PRS resource selection.
Proposal 11: For resource allocation scheme 2, support that a UE can reserve a SL-PRS resource for the transmission of another UE.
Resource allocation for broadcast SL PRS
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Figure 1: 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 3: 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 12: 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 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 2: The Rel-17 Inter-UE coordination framework cannot reduce the overall delay due to autonomous SL-PRS resource selection.
Observation 3: 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 legacy resource pool can be configured (by SL-ResourcePool-r16) to be either a shared resource pool, or not a shared resource pool.
· By default, a legacy resource pool configured by SL-ResourcePool-r16 is not a shared resource pool.
Proposal 2: With regards to the SCI signaling in a shared resource pool, a new 2nd stage SCI format is introduced.
Proposal 3: With regards to PSCCH and SL-PRS multiplexing in a shared resource pool, support Alt. B.1 (i.e. “only TDMing is supported”).
Proposal 4: With regards to PSSCH and SL-PRS multiplexing in a shared resource pool, do not further consider Alt. A.3 (i.e. “both Alt. A.1 and A.2 are supported in the specification”).
Proposal 5: With regards to support of 2nd stage SCI and/or SL-SCH in PSSCH multiplexed with SL-PRS in a shared resource pool, support Alt. C.2 (i.e. “2nd SCI and SL-SCH”).
Proposal 6: In a dedicated resource pool for positioning, each SL-PRS resource is associated with a PSCCH which is TDMed with the SL-PRS in the same slot.
Proposal 7: In a dedicated resource pool, SCI for SL-PRS should at least include the following fields,
· Layer 2 source ID.
· Layer 2 destination ID.
· Resource reservation period.
· SL-PRS priority.
· Cast type.
Proposal 8: In a dedicated resource pool for positioning, for aperiodic reservations, SCI indicates a few SL-PRS resources with a same SL-PRS resource ID.
· The interval between two adjacent SL-PRS resources is configurable (e.g. to be in slots, or in SL-PRS occasions).
Proposal 9: For resource allocation scheme 1, for PSCCH/PSSCH transmissions scheduled by a DCI format 3_0 in a resource pool,
· If SL-PRS is not configured in the resource pool, no SL-PRS transmission is allowed to be multiplexed in the PSCCH/PSSCH transmissions (i.e. legacy UE behavior).
· [bookmark: _GoBack]If SL-PRS is configured in the resource pool, it is up to the scheduled UE whether to multiplex a SL-PRS transmission in each PSCCH/PSSCH transmission (i.e similarly to multiplexing of SL-CSI-RS in a PSCCH/PSSCH transmission).
Proposal 10: DCI format 3_0 with CRC scrambled by a new RNTI is used to schedule SL-PRS transmission(s) in a dedicated resource pool for positioning.
Proposal 11: For resource allocation scheme 2, support that a UE can reserve a SL-PRS resource for the transmission of another UE.
Proposal 12: SCI is used for the signaling of the parameters of broadcast SL PRS.
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