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This document discusses the achievable functionality for sidelink positioning in various partial-coverage cases.  Throughout, we understand “partial coverage” to mean that some UEs are in coverage and others out; there is no concept of partial coverage for a single UE.
We do not explicitly consider the impact of L2 UE-to-network relaying, which effectively would render some OOC UEs as being functionally in coverage (i.e., having a NAS connection and being able to communicate with the network).  For purposes of this paper, “in coverage” could be read as “in coverage or endowed with a connection via a UE-to-network relay”.
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2.1	SA2 background
In section 6.8 of [1], SA2 have specified, in essence, that network-based operation is used for all SL positioning cases where some UE is in coverage and the serving network can support sidelink positioning.  That is, if the target UE or a single anchor UE is in coverage of a network supporting sidelink positioning, the sidelink positioning operations are controlled by an LMF.
In such a situation, the LMF cannot directly control the UEs that are out of coverage.  SA2’s solution as indicated in [2] is for in-coverage UEs to relay information for out-of-coverage UEs.  The implications are that an in-coverage UE needs to relay the following items:
· Capability exchange for the out-of-coverage UE (i.e., Request Capabilities- and Provide Capabilities-type messages)
· Instructions for the out-of-coverage UE to transmit SL-PRS (FFS what message would be used)
· Guidance for the out-of-coverage UE to know how to measure SL-PRS (i.e., Provide Assistance Data-type messages)
· Requests for measurements taken by the out-of-coverage UE (i.e., Request Location Information-type messages)
· Measurement results obtained by the out-of-coverage UE (i.e., Provide Location Information-type messages)
Depending on SLPP design decisions, there may also be a requirement to forward requests for assistance data from the out-of-coverage UE.  In other words, potentially all the message/transaction types “inherited” from LPP must be able to be forwarded by an in-coverage UE (target or anchor) on behalf of an out-of-coverage UE.
The following sections explore the implications of these constraints.
2.2	UE support for forwarding
It is not clear if SA2 have assumed that all UEs supporting sidelink positioning must support forwarding as described in the previous section.  This feature introduces some complexity for the involved UEs, since they need to exchange SLPP between themselves in addition to the in-coverage UE exchanging SLPP with the LMF; that is, there is one SLPP session between the UEs, a second SLPP session between the in-coverage UE and the LMF, and a requirement on the in-coverage UE to correlate and forward data between them, as shown in figure 1.  (We consider it unreasonable to have a single SLPP session defined to include all the UEs; the SLPP protocol cannot be terminated between the OOC UE(s) and the LMF, so from a modelling perspective there can be no shared SLPP session between them.)
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Figure 1: Separate SLPP sessions between the LMF and IC/OOC UEs
Proposal 1: If partial-coverage cases are supported, there are separate SLPP sessions between the in-coverage UE(s) and the LMF, and between the out-of-coverage UE(s) and the in-coverage UE(s).
This forwarding behaviour may not be implemented by all UEs (e.g., low-cost/low-complexity devices), and it seems necessary to have a UE capability in SLPP.  There would also be a need for contingency planning for the case that no in-coverage UE supports forwarding; in such a case, if we take the SA2 requirements literally, it appears that the positioning operation needs to fail, although it would be more robust to fall back to UE-only operation.
Proposal 2: If partial-coverage cases are supported, SLPP includes a UE capability for forwarding information for out-of-coverage UEs.
2.3	Identities and locations of OOC UEs
An OOC UE (without a NAS connection or an RRC connection) has no AS or NAS ID, except for the L2ID used for sidelink operation.  From the LMF perspective, the OOC UE must be identified either by a permanent ID (e.g., IMSI) or a L2ID.  Although SLPP will be transmitted under security, it is probably not acceptable to share the OOC UE’s IMSI with the in-coverage UE for forwarding.  (In the relay WI in Rel-17, SA3 indicated that sharing a permanent ID between the remote and relay UEs was acceptable only on the assumption that the relay UE is a trusted device—it seems unreasonable here to assume that the IC UE is always a trusted device from the network perspective.)
Observation 1: It is infeasible to identify an out-of-coverage UE by IMSI in SLPP.
Proposal 3: If partial-coverage cases are supported, an out-of-coverage UE is identified by L2ID in SLPP on the Uu interface (e.g., for purposes of identifying the source/destination of information routed through an in-coverage UE to/from the LMF).  FFS if scoping information is needed (e.g., serving cell ID) to disambiguate the L2ID.
On the other hand, identifying an OOC UE by L2ID means that the LMF does not know a permanent identity for this UE, so it cannot correlate stored information about the UE—for example, the LMF cannot rely on having a priori knowledge of the location of an OOC anchor UE.  The LMF also cannot reasonably interrogate the OOC UE for its location, except by initiating a separate positioning operation in which the anchor UE becomes the target (anything else would require further relaying functionality through an IC UE).  This restriction significantly limits the value of OOC anchor UEs for absolute positioning operations.
Observation 2: If an out-of-coverage anchor UE is identified by L2ID in SLPP, the LMF cannot know the UE’s location either from stored information or by real-time positioning (without spawning a separate positioning operation originated from the LMF itself).
2.4	Modelling for OOC target UEs
If the target UE is out of coverage, the LMF has something of a conundrum: It needs to compute the location of the target UE, but it cannot directly maintain an SLPP session with the target UE.  It is not exactly clear how this positioning operation should be modelled.  If proposal 1 is agreed, there would be SLPP sessions between the LMF and the IC anchor UE(s), and between a distinguished IC anchor UE and the target UE; to request measurements from the target UE, the LMF would need to send a Request Location Information (or equivalent) message to the IC anchor UE, with a wrapper or field indicating that the request is for the OOC target UE, and the anchor UE would need to transfer the request into its own SLPP session with the target UE.  Similar behaviour would apply for other transactions (capability retrieval and assistance data).
Proposal 4: If partial-coverage cases are supported, to deliver a location information request to an out-of-coverage target UE, the LMF sends a Request Location Information message to an in-coverage anchor UE with additional information identifying the destination (i.e., the target UE).  Similar mechanisms apply to other SLPP transaction types (at least capability retrieval and assistance data delivery).
It should be noted that the LMF cannot use UE-associated signalling for an OOC UE (without a NAS connection).  Therefore, there is no obvious mechanism within the network for addressing a message directly to the OOC UE (target or anchor).
Observation 3: UE-associated signalling is not available for an out-of-coverage UE with no NAS connection.
2.5	QoS and negotiation of SL-PRS configuration
We understand the vision of RAN1 is that the anchor and target UEs would negotiate SL-PRS configuration and transmission by themselves, without server (LMF or server UE) involvement.  This approach is problematic because it assumes that the anchor and target UEs understand the implications of the requested QoS for the positioning operation.
It seems correct that the target UE can see the requested QoS, since the positioning request comes to the target UE itself.  However, the server (the LMF in network-involved cases) is responsible for selecting the positioning method and for the actual location estimate computation, and in consequence it is the node that can be assumed to understand what reference signal characteristics would be needed to meet the QoS.  Because of this, the server should be involved in negotiating the SL-PRS configuration, as it is involved in Uu positioning in negotiating the PRS and SRS configurations; otherwise sidelink positioning may not be able to meet QoS requirements.
Observation 4: For an out-of-coverage UE transmitting SL-PRS in a network-based operation scenario, LMF involvement is needed for aligning the SL-PRS configuration with the QoS requirements of the positioning operation.  Otherwise, sidelink positioning in partial coverage may only be able to perform on a best-effort basis.
Proposal 5: If partial-coverage cases are supported, the LMF requests SL-PRS configurations from the transmitting UE(s), including any transmitting UEs that are out of coverage.
2.6	Impact and way forward
The observations in the preceding sections show that the following impact would be needed to enable sidelink positioning in partial coverage (i.e., with some UEs in coverage and others out):
· Relaying/forwarding support for all SLPP transactions by UEs in coverage
· UE capability for forwarding functionality
· Contingency procedures for the case that some UEs are in coverage, but none of them support forwarding of SLPP messages
· LMF functionality for selecting which in-coverage UE will forward messages for each out-of-coverage UE
· Potential SLPP support for indicating the forwarding “roles” to the participating UEs
· Identification of out-of-coverage UEs by L2ID
· LMF functionality for excluding out-of-coverage anchor UEs when necessary (e.g., when the locations of the anchor UEs are needed for absolute positioning)
· Signalling and procedures for LMF involvement in negotiation of SL-PRS configurations with out-of-coverage UEs
Considering this level of impact, and the concerns about positioning functionality in many partial-coverage cases (e.g., the value of OOC anchor UEs is limited by the inability to know their locations), we suggest that partial-coverage cases should be a lower priority in RAN2 compared to “pure IC” and “pure OOC” cases.
Proposal 6: RAN2 prioritises in-coverage and out-of-coverage sidelink positioning cases in Rel-18.  Additional functionality for partial-coverage cases can be revisited if time allows.
3	Conclusion
This document made the following observations:
Observation 1: It is infeasible to identify an out-of-coverage UE by IMSI in SLPP.
Observation 2: If an out-of-coverage anchor UE is identified by L2ID in SLPP, the LMF cannot know the UE’s location either from stored information or by real-time positioning (without spawning a separate positioning operation originated from the LMF itself).
Observation 3: UE-associated signalling is not available for an out-of-coverage UE with no NAS connection.
Observation 4: For an out-of-coverage UE transmitting SL-PRS in a network-based operation scenario, LMF involvement is needed for aligning the SL-PRS configuration with the QoS requirements of the positioning operation.  Otherwise, sidelink positioning in partial coverage may only be able to perform on a best-effort basis.
Taking these observations into account, we have the following proposals:
Proposal 1: If partial-coverage cases are supported, there are separate SLPP sessions between the in-coverage UE(s) and the LMF, and between the out-of-coverage UE(s) and the in-coverage UE(s).
Proposal 2: If partial-coverage cases are supported, SLPP includes a UE capability for forwarding information for out-of-coverage UEs.
Proposal 3: If partial-coverage cases are supported, an out-of-coverage UE is identified by L2ID in SLPP on the Uu interface (e.g., for purposes of identifying the source/destination of information routed through an in-coverage UE to/from the LMF).  FFS if scoping information is needed (e.g., serving cell ID) to disambiguate the L2ID.
Proposal 4: If partial-coverage cases are supported, to deliver a location information request to an out-of-coverage target UE, the LMF sends a Request Location Information message to an in-coverage anchor UE with additional information identifying the destination (i.e., the target UE).  Similar mechanisms apply to other SLPP transaction types (at least capability retrieval and assistance data delivery).
Proposal 5: If partial-coverage cases are supported, the LMF requests SL-PRS configurations from the transmitting UE(s), including any transmitting UEs that are out of coverage.
Proposal 6: RAN2 prioritises in-coverage and out-of-coverage sidelink positioning cases in Rel-18.  Additional functionality for partial-coverage cases can be revisited if time allows.
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