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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#113,
	Agreement
With regards to the SCI signaling in a shared resource pool, 
· Support a new format for 2nd stage SCI.
· FFS how to indicate the new 2nd stage SCI format
· FFS: If a 2nd stage SCI indicates both SL PRS and SL-SCH, the cast type, destination ID, source ID are shared.



For the new 2nd stage SCI format (SCI format 2-D), a few remaining issues need to be resolved and are discussed below.
First of all, SL PRS and data multiplexed in a PSCCH/PSSCH transmission may be respectively triggered by different higher layer services. Therefore, at least for the case where only shared resource pools are used for sidelink positioning, it is possible that SL PRS is only triggered in some (re)transmission opportunities of a TB, and is not triggered in other (re)transmission opportunities of the TB. As an example, the first few (re)transmissions of a TB carry no SL PRS, and prior to a later slot  for a further re-transmission of the TB, the higher layer may indicate a need to transmit SL PRS in slot ; in this case, it should be supported that the SL PRS is multiplexed with the retransmission of the TB in slot . Presence of SL PRS in a given PSCCH/PSSCH transmission can be (explicitly or implicitly) indicated in SCI format 2-D.
Proposal 2: In a shared resource pool, it is supported that SL PRS is multiplexed with some (re)transmissions of a TB, and not multiplexed with other (re)transmissions of the TB.
· SL PRS presence is indicated in SCI format 2-D.
Secondly, when SCI format 2-D is used, for TBS determination, a reference number of SL PRS symbols can be subtracted from the number of sidelink symbols in the slot, and this reference number can be indicated in SCI format 2-D, or can be semi-statically determined. (Due to the limited number of reserved bits in SCI format 1-A, and the fact that SL PRS is only relevant when SCI format 2-D is used, it is undesirable to indicate this in SCI format 1-A)
Proposal 3: In a shared resource pool, when SCI format 2-D is used, for calculating the number of symbols for TBS determination, a reference number of  SL PRS symbols is subtracted from the number of sidelink symbols.
·  can be semi-statically determined, or can be indicated in SCI format 2-D.
Thirdly, regarding the “SL PRS request” field (in both SCI format 2-D and SCI format 1-B) as captured in the initial version of the Editor’s draft CR to TS 38.212 for email discussion [Post-113-38.212-NR_pos_enh2-Core], we don’t think it is sufficient to use a one-bit field for the SL PRS request, because the UE receiving the SL PRS request may not be able to derive the parameters associated with the requested SL PRS transmission from the existing fields of the SCI containing the SL PRS request, e.g.,
· The “destination” of the requested SL PRS transmission may not be the TX UE of the SCI containing the SL PRS request. For example, a Server UE may request a target UE to transmit SL PRS to be measured by a number of anchor UEs.
· The “cast type” of the requested SL PRS transmission may not be the same as that indicated in the SCI containing the SL PRS request. Using a same example as in the previous bullet, the SCI from the Server UE to the target UE may be carried in a unicast PSCCH/PSSCH transmission, while the requested SL PRS transmission is supposed to be carried in a groupcast SL PRS transmission (regardless of whether it is multiplexed with a PSCCH/PSSCH transmission).
Therefore, in addition to the one-bit “SL PRS request” field, we think other fields related to a set of parameters of the requested SL PRS transmission should also be added in SCI format 2-D (and 1-B). Alternatively, a “SL PRS request ID” field can be instead added in SCI format 2-D (and 1-B), which is associated with a set of SL PRS parameters already known by all relevant UEs (e.g. via SLPP message exchanges) prior to transmission of the SL PRS request.
Proposal 4: Regarding SL PRS request in SCI format 2-D and SCI format 1-B, support one of the following alternatives:
· Alt-1: The one-bit “SL PRS request” field is used, along with other fields related to a set of parameters (e.g. Destination ID, cast type, etc.) of the requested SL PRS transmission.
· Alt-2: A “SL PRS request ID” field is used. The SL PRS request ID is associated with a set of parameters (e.g. Destination ID, cast type, etc.) of the requested SL PRS transmission.
Dedicated resource pool for positioning
The following was agreed in RAN1#113,
	Agreement
In the dedicated resource pool,
[...]
· With regards to the SL PRS configuration and/or SL PRS time assignment information, select one alternative at RAN1#114:
· Alt. 3.1: support a one-to-one mapping relationship between a PSCCH resource and an associated SL PRS resource in the same slot. 
· Note: In this case, there is no need of an explicit signaling of which SL PRS resource for the same slot
· Note: Same number of PSCCH resource(s) and SL PRS resource(s) 
· Alt. 3.2: explicit signaling of SL PRS resource in the same slot
· Alt. 3.3: support a mapping relationship between a PSCCH resource and one or more associated SL PRS resource(s) in the same slot and explicit signaling of SL PRS resource
· Only a one-to-one mapping is used between a PSCCH resource and an associated SL PRS resource in the same slot if explicit signalling is not used
· Note: with a one-to-one mapping, some SL PRS resources might not be mapped
· FFS: details, including (pre)configuration
· FFS: Whether and how to indicate SCI resource(s) or SL PRS resource (s) for a future slot
· FFS: Additional information, e.g. SL PRS request, Positioning Session ID, number of resource reservation periods



In the above three alternatives, Alt. 3.2 seems to assume that the “association” between a PSCCH resource and its “associated” SL PRS resource(s) is not semi-static, i.e. the association is only known by other UEs that correctly decode the SCI carried in the PSCCH. We are concerned about this assumption, because with this assumption there is a possibility that two PSCCH transmissions respectively from two TX UEs may be “associated” with a same SL PRS resource, resulting in a conflict which can only be detected by a third UE when both SCIs respectively carried in the two PSCCHs are correctly decoded by the third UE. Therefore, we propose to at least exclude Alt. 3.2.
Proposal 5: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, Alt. 3.2 (i.e. “explicit signaling of SL PRS resource in the same slot”) is not supported.
Regarding Alt. 3.1 vs. Alt. 3.3, we prefer Alt. 3.1 for its simplicity. In our view, unless there exists valid cases where it is impossible to (pre) configured a sufficient number of PSCCH resources in a slot that matches the number of SL PRS resources in the slot, there is no clear motivation to complicate the mapping relationship between PSCCH and SL PRS by supporting one-to-many mapping.
Proposal 6: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, Alt. 3.1 (i.e. “support a one-to-one mapping relationship between a PSCCH resource and an associated SL PRS resource in the same slot”) is supported.
Regarding “whether and how to indicate SCI resource(s) or SL PRS resource (s) for a future slot”, we think it is desirable to support indication of SL PRS resource(s) for one or more future slots (similarly to the resource reservation in legacy sidelink). Otherwise, at least in case of non-periodic SL PRS transmissions, “resource reservation” (e.g. for sensing purposes by other UEs) is not supported in a dedicated resource pool, and without knowing which SL PRS resource(s) in a slot intended for a SL PRS transmission have been reserved by other UEs, a TX UE has to “blindly” select a SL PRS resource in the slot, with a high risk of conflict with other UEs’ selections.
A “TRIV” field in legacy SCI format 1-A can be reused to indicate SL PRS resources in future slot(s). And for simplicity, the SL PRS resources in future slot(s) can have a same SL PRS resource ID as the one in the slot where SCI is transmitted.
Proposal 7: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, reservation of SL PRS resource(s) in future slot(s) is supported.
· A “TRIV” field in legacy SCI format 1-A is reused for indication of the future slot(s).
Resource allocation scheme 1
The following was agreed in RAN1#113,
	Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL PRS specific information is explicitly included in DCI
· FFS: Which SL PRS specific information
· Alt. 2: Indication SL PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool



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. The SL-RNTI (or, SLCS-RNTI) can also be reused to scramble the CRC of the DCI format 3_0. One of the benefits of this approach is that the specifications for search space / DCI format configurations and DCI size alignment can be fully reused without any problem.
SL PRS should only be allowed in a “shared resource pool”, and should not be allowed in a “legacy resource pool” (i.e. a resource pool not associated with any SL PRS configuration).
Regarding 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).
Note that in case of a shared resource pool there is no need for the network to indicate which “SL PRS resource ID” is used for the multiplexed SL PRS transmission, as there is only one SL PRS resource that will be used in the SL PRS occasion within the PSSCH resource (hence no conflict with other UEs). The TX UE itself is supposed to know better which SL PRS resource within the PSSCH resource is more appropriate.
Proposal 8: For resource allocation scheme 1, for PSCCH/PSSCH transmissions scheduled by a DCI format 3_0 in a resource pool,
· If the resource pool is not associated with a SL PRS configuration, no SL PRS is allowed to be multiplexed in the PSCCH/PSSCH transmissions (i.e. legacy UE behavior).
· [bookmark: _GoBack]If the resource pool is associated with a SL PRS configuration (i.e. if the resource pool is a “shared resource pool”), it is up to the scheduled UE whether to multiplex a SL PRS in any scheduled PSCCH/PSSCH transmission (i.e. similarly to multiplexing of SL CSI-RS in a scheduled PSCCH/PSSCH transmission).
Alternatively, for a shared resource pool, it may be beneficial for the network to indicate whether a SL PRS is allowed to be multiplexed with a PSCCH/PSSCH transmission scheduled by DCI format 3_0, and SL PRS is only allowed in case it is indicated so (although the UE can still choose not to include a SL PRS when there is really no such a need in that slot), and is not allowed otherwise.
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 has 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, see e.g. the definition of DCI format 1_0).
Proposal 9: 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 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 1: 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 10: 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 observation and proposals.
Observation 1: 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: In a shared resource pool, it is supported that SL PRS is multiplexed with some (re)transmissions of a TB, and not multiplexed with other (re)transmissions of the TB.
· SL PRS presence is indicated in SCI format 2-D.
Proposal 3: In a shared resource pool, when SCI format 2-D is used, for calculating the number of symbols for TBS determination, a reference number of  SL PRS symbols is subtracted from the number of sidelink symbols.
·  can be semi-statically determined, or can be indicated in SCI format 2-D.
Proposal 4: Regarding SL PRS request in SCI format 2-D and SCI format 1-B, support one of the following alternatives:
· Alt-1: The one-bit “SL PRS request” field is used, along with other fields related to a set of parameters (e.g. Destination ID, cast type, etc.) of the requested SL PRS transmission.
· Alt-2: A “SL PRS request ID” field is used. The SL PRS request ID is associated with a set of parameters (e.g. Destination ID, cast type, etc.) of the requested SL PRS transmission.
Proposal 5: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, Alt. 3.2 (i.e. “explicit signaling of SL PRS resource in the same slot”) is not supported.
Proposal 6: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, Alt. 3.1 (i.e. “support a one-to-one mapping relationship between a PSCCH resource and an associated SL PRS resource in the same slot”) is supported.
Proposal 7: In a dedicated resource pool, with regards to the SL PRS configuration and/or SL PRS time assignment information, reservation of SL PRS resource(s) in future slot(s) is supported.
· A “TRIV” field in legacy SCI format 1-A is reused for indication of the future slot(s).
Proposal 8: For resource allocation scheme 1, for PSCCH/PSSCH transmissions scheduled by a DCI format 3_0 in a resource pool,
· If the resource pool is not associated with a SL PRS configuration, no SL PRS is allowed to be multiplexed in the PSCCH/PSSCH transmissions (i.e. legacy UE behavior).
· If the resource pool is associated with a SL PRS configuration (i.e. if the resource pool is a “shared resource pool”), it is up to the scheduled UE whether to multiplex a SL PRS in any scheduled PSCCH/PSSCH transmission (i.e. similarly to multiplexing of SL-CSI-RS in a scheduled PSCCH/PSSCH transmission).
Proposal 9: 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 10: SCI is used for the signaling of the parameters of broadcast SL PRS.
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