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1.  Introduction
The Rel-18 WID[1] of sidelink positioning has been achieved as follows:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· 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.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].
· 


RAN2 is mainly responsible for the protocol design between UEs, or between UE and LMF. Based on above, this contribution provides discussion and proposals for SLPP protocol and architecture design.
2.  Discussion
2.1.  Protocol between UE and UE
During SI phase for SL positioning, RAN2 agreed to further study whether the SLPP should be transmitted via control plane or user plane in normative work. From AS layer point of view, SLPP over PDCP is to convey SLPP message in SL-SRB(s), and SLPP over PC5-U is to convey SLPP message in SL-DRB(s). From RAN2 perspective, it is preferred to introduce RSPP/SLPP to beyond the PDCP layer via control plane. The reason is, the RSPP/SLPP only contains the control signaling of sidelink positioning, it should be the baseline to reuse the control plane design (such as discovery message, ProSe layer between UEs). Also, RAN2 is responsible for the control plane signaling design rather than user plane. In addition, there are several advantages for SLPP over PDCP from technical perspective:
· SLPP over PDCP can support all cast types
· Currently the SL-SRB0/1/2/3/4 have already been introduced to convey different kinds of control signalings, in which SL-SRB0 and SL-SRB4 supports groupcast or broadcast, and SL-SRB1, SL-SRB2 and SL-SRB3 supports unicast. Regarding to SLPP message, new SL-SRB(s) can be introduced to support all cast types. 
· SLPP over PDCP ensures the higher priority than PC5-U
· SRBs have highest priority during the AS layer transmission without extra specification or implementation assurance, i.e., SRBs is restricted as 1st priority in the specification. Since SLPP message contains the measurement report which should be sent with high priority and robustness, SLPP over PDCP owns more assurance to accomplish this.
· SLPP over PDCP provides lower latency than PC5-U
· In AS layer transmission, user data will go through one more step than control signaling, i.e., SDAP layer to map PC5 QoS flows to SL-DRBs. Therefore if SLPP go with control plane, only PDCP-RLC-MAC-PHY are needed. Thus, SLPP over PDCP provides lower latency than PC5-U.
· SLPP over PDCP has clear specification impact
·  There already exists mature procedure of each SL-SRB with different cast type to be transmitted in each AS layer (PDCP, RLC, MAC, PHY), the critical issue needs to be solved is how the cast type is settled/predefined/mapped for a particular SL-SRB. Therefore, it will not be struggle to specify the control plane design of SLPP message. 
In addition, actually SLPP message does not need very flexible end-to-end QoS, so the SLPP message does not necessarily need to be conveyed by user data. However SA2’s newly arrived LS[2] has already recommended to convey SLPP message by user plane, so SLPP over PC5-U can also be a supplementary approach, similar like LPP, both CP and UP are supported.
Proposal 1: RAN2 to support control plane design of the SLPP message between UEs, i.e., SLPP over PDCP.
As mentioned above, if SLPP is designed to over PDCP, the SLPP message should be conveyed by SL-SRB(s) and all cast types should be guaranteed. Because there is tight association between SRBs and cast types in the AS layer transmission, there may be several ways to determine the SL-SRB(s) containing SLPP message and corresponding cast types:
· Option 1: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is indicated by upper layer. 
· Currently each SL-SRB has a fixed manner of cast type, i,e. the cast type of a SL-SRB can not change with time. However the SLPP message has a requirement to support different cast types, e.g., capability transfer and assistance data transfer needs broadcast, and location information transfer needs unicast. Since only one SL-SRB is introduced, the SL-SRB should have flexible cast type indicated by the NAS layer, i.e., the cast type of the new SL-SRB can change with time. This option should be confirmed with SA2 for permission.
· Option 2: Introduce two new SL-SRBs dedicated for SLPP message, one is to convey broadcast/groupcast SLPP message, the other is to covey unicast SLPP message. 
· In this way, the SL-SRB remains the current design that the cast type of a specific SL-SRB is settled and can not change with time. 
· Option 3: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is fixed as one of broadcast, groupcast or unicast. 
· Currently it is feasible that the destination L2 ID of a message does not match with the cast type of the radio bearer in the AS layer. For example SL-SRB4 is to convey sidelink discovery message, in which the sidelink discovery message itself can be broadcast, groupcast or unicast (with different kinds of destination L2 ID), but the SL-SRB4 is restricted to be broadcast in the AS layer transmission(details can be found in R2-2213146 [3]). Similar design can be applied to the new SL-SRB that, the destination L2 ID assigned by NAS layer is set according to the real transmission requests, for example, broadcast for capability transfer at one time, unicast for location information transfer at the other time, however the new SL-SRB is fixed with one of broadcast, groupcast or unicast in AS layer. Then at the receiver side, for the SLPP message, the receiving MAC entity should perform both unicast filter and broadcast/groupcast filter to see whether the data should be passed to upper layer or not.
· Option 4: Reuse the legacy SL-SRB to convey SLPP message.
· In this way, no new SL-SRB is introduced. If the SLPP message is to be broadcast/groupcast, SL-SRB0 or SL-SRB4 can be used to convey the SLPP message; if the SLPP message is to be unicast, SL-SRB1/SL-SRB2/SL-SRB3 can be used to convey the SLPP message. 
Option 1, 2 and 3 are to introduce new SL-SRBs, option 4 is to reuse legacy SL-SRBs. Compared to option 4, option 1, 2 or 3 provide a more clear and easy system design. In addition, PDCP PDU has a size limitation of 9000 bytes, multiplexing or reusing approach should be verified to satisfy the size limitation before agreed. Therefore, we suggest to support introducing new SL-SRB(s) dedicated for SLPP message, i.e., option 1, 2 and 3.
Proposal 2: For control plane design of SLPP message between UEs, RAN2 to support introducing new SL-SRB(s) dedicated for SLPP message, and consider the following options:
· Option 1: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is indicated by upper layer. 
· Option 2: Introduce two new SL-SRBs dedicated for SLPP message, one is to convey broadcast/groupcast SLPP message, the other is to covey unicast SLPP message. 
· Option 3: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is fixed as one of broadcast, groupcast or unicast. 
Based on above, after the SL-SRB is settled to be one cast type, RAN2 can further study the specification impact of each AS layer when new SL-SRB(s) containing SLPP message is introduced. Some main specification impact are listed below: 
In 38.331 section 9.1.1.4[4], the new SL-SRB(s) should be assigned with the corresponding SCCH configuration. For example, broadcast/groupcast like SL-SRB can reuse the SCCH configuration of SL-SRB0 or SL-SRB4, unicast like SL-SRB can reuse the SCCH configuration of SL-SRB1, SL-SRB2 or SL-SRB3.
In 38.323 section 6.2.2[5], the new SL-SRB(s) should be assigned with its corresponding PDCP PDU format, which is determined based on the SL-SRB’s cast type. For example, broadcast/groupcast like SL-SRB can adopt Data PDU for sidelink DRBs for groupcast and broadcast for the sidelink SRB0‎and for the sidelink SRB4(section 6.2.2.4), and unicast like SL-SRB can adopt Data PDU for sidelink SRBs for unicast(section 6.2.2.5).
In 38.322[6], firstly is to decide whether UM mode or AM mode should be applied for the SLPP message. If the SLPP is conveyed by broadcast/groupcast like SL-SRB, we suggest only uni-directional UM mode is supported, i.e., same as other groupcast and broadcast of NR sidelink communication; if the SLPP is conveyed by unicast like SL-SRB, AM mode should be applied. In addition, 6 bit SN length UMD PDU for broadcast/groupcast SLPP message and 12 or 18 bit AMD PDU for unicast SLPP message should be specified in 38.322, in which 12 or 18 bit is indicated by the SCCH configuration. 
In 38.321[7], new LCID dedicated for SLPP message should be introduced, and receiving MAC entity filtering should be considered. For example as option 3 above, since the destination L2 ID is not match with the cast type of the SL-SRB in AS layer, the new MAC filter rule should be specified, i.e., for SLPP message(regardless of the cast type indicated in the corresponding SCI), receiving UE’s MAC entity should filter the TB based on both the unicast rule and the broadcast/groupcast rule, i.e., both figure 1 and figure 2 should be applied for SLPP message. If one of the rule is satisfied, receiving UE will assume itself as the correct destination of the TB and continue processing.
[image: MAC filter1]
Figure 1. Receiving UE’s MAC entity filtering for unicast TB
[image: MAC filter2]
Figure 2. Receiving UE’s MAC entity filtering for broadcast/groupcast TB
In summary, there is a tight relationship between the SL-SRB and its corresponding cast type, and there already exists mature procedure of each SL-SRB with different cast type to be transmitted in each AS layer (PDCP, RLC, MAC, PHY). therefore RAN2 can take the legacy SL-SRB&cast type design as the reference when specify the new SL-SRB for SLPP message.
Proposal 3: RAN2 to study the specification impact of introducing new SL-SRB(s) for SLPP message, may include SCCH configuration, PDCP PDU format, AM mode and UM mode, new LCID, receiving MAC entity filtering. Taking the legacy SL-SRB&cast type design as the reference.
2.2. [bookmark: _GoBack] Protocol between UE and LMF
RAN2#119-b[8] has achieved the following agreement on the signaling support of hybrid or PC5-only positioning:
	Agreement:
Protocol options between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage are studied and RAN2 will down-select during normative work.
· Extension of LPP, whereby new signaling shall be defined to support hybrid Uu and PC5 based positioning, i.e. extend the existing LPP to support sidelink based positioning between UE and LMF
· Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
· Use of SLPP/RSPP between the UE and the LMF


Based on the rough classification, 1st and 2nd bullet are SLPP+LPP signaling between UE and LMF, and 3rd bullet is SLPP between UE and LMF. The proponents of 3rd bullet argue that there is a case that a UE can not support LPP but want to communicate with LMF for calculating/scheduling. From our point of view, LPP should be the basic protocol for a positioning UE. In addition, a unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible. We should avoid to design a new end-to-end protocol only for a special kind of UE (i.e., only support PC5 positioning, do not support Uu positioning) . Moreover, the PC5-only UE does not compulsively need the 3rd bullet to achieve the sidelink positioning. For example, the UEs that only support PC5 positioning can adopt at least two solutions: 1) these UEs adopt UE based calculating without network’s involvement; 2) if they want to perform LMF based positioning, these UEs can find a UE (maybe the SL positioning server UE or others) that supports LPP, then send RSPP/SLPP measurement to the LPP UE, then forward to the LMF.
When communicating with LMF, the difference between 1st bullet and 2nd bullet is that, 1st bullet is to set SLPP message as explicit signaling in LPP, i.e., add new IEs with concrete content in the existing LPP protocol; 2nd bullet is to set SLPP message as container in LPP, in which the RSPP/SLPP message only follows the LPP PDU transmission rules, but what content to be embedded in the container should follow SLPP module. From our point of view, either 1st bullet and 2nd bullet can be supported, and 2nd bullet is slightly preferred.
Observation 1: A unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible.
Proposal 4: Support to use the RSPP/SLPP+LPP between UE and the LMF, i.e., SLPP is designed as a container in the LPP.
Further, LPP’s structure is depicted as below:
[image: legacy structure]
Figure 3.legacy LPP Message structure
Based on above, two structures of the SLPP container can be designed according to the module of LPP, i.e., add several SLPP containers per LPP message type (see figure 4), or add one SLPP container sharing the same sequence number, transaction ID within one LPP Message (see figure 5). Both structures are session-based approach, i.e., the SLPP container follows the establish/release/abort procedure of the attached LPP session. If the latter is applied, each LPP transaction performs a single operation as SLPP message. What to contain in one SLPP message is based on LMF’s implementation, but the scope of LMF’s decision is within the SLPP module and IEs. We think these two structures can be further considered and down-select by RAN2.
[image: structure 1]
Figure 4. Several SLPP containers per LPP message type

[image: structure 2]
Figure 5. One SLPP container per LPP Message
Further, the detailed SLPP message of capability transfer, assistance data transfer and location measurement information transfer should be discussed by RAN2, considering the difference between the SLPP message in the SLPP container between UE&LMF and SLPP message between UEs, if exists.
Proposal 5: RAN2 to discuss and down-select the two structures of the SLPP container in LPP: add several SLPP containers per LPP message type, or add one SLPP container within one LPP Message.
2.3.  In/partial coverage scenario
In the above session we analysed the RSPP/SLPP+LPP for hybrid positioning and PC5 only positioning. When the UE is in coverage, UE can adopt either hybrid positioning or PC5 only positioning. Then for a specific sidelink positioning session, how does UE determine which way it should adopt? 
Since the positioning method determination and positioning requirement are generated from LMF, LMF can also determine whether the target UE should adopt hybrid positioning or PC5 positioning only, according to target UE’s current coverage or channel/measurement quality. Naturally, this message can be carried in LPP signaling and transmitted to in/partial coverage target UE, like figure 6 indicates.
[image: SL hybird PC5]
Figure 6. LMF indicates whether the in/partial coverage target UE should adopt hybrid positioning or PC5-only positioning
Proposal 6: Support LMF to determine whether in/partial coverage target UE should adopt hybrid positioning or PC5-only positioning. 
In RAN1#110-b[9] meeting, the following agreement related to SL-PRS configuration allocation has been achieved:
	Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. 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


It can be seen that SL-PRS configuration is separately discussed by RAN1. Normally in legacy Uu based positioning, DL-PRS configuration is included in the DL assistance data, together with the calculating assistance data for UE-based positioning and error indication. Note that the ‘sidelink positioning assistance data transfer’ discussed under RAN2 does not distinguish SL-PRS configuration from other assistance data, which may cause misunderstandings on how/where the discussion goes. For example, whether RAN2 should wait for RAN1’s determination on SL-PRS configuration transfer, then determine the same procedure for other sidelink positioning assistance data? Or, it is possible for RAN2 to design separate signaling flows of SL-PRS configuration and other sidelink positioning assistance data? However anyway, we think from RAN2 perspective, SL-PRS configuration should be treated separately with other assistance data when RAN2 discusses ‘SL positioning assistance data exchange’ procedure.
Proposal 7: Support to treat SL-PRS configuration transfer separately with other assistance data when RAN2 discusses ‘SL positioning assistance data exchange’ procedure, and wait for RAN1’s conclusion on SL-PRS configuration delivery.
2.4.  Joint SL and Uu positioning methods and measurements
According to RAN2’s discussion in SI phase, both SL-only-based positioning and joint SL & Uu positioning are studied and recommended for normative work:
	Agreement in RAN2#119
Proposal 2: Study the architecture and signaling procedures to enable at least the following two operation scenarios:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.


DL-TDOA-like method is a typical technique for joint positioning where both DL-PRS from multiple TRPs and SL-PRS from multiple anchor UEs are transmitted to target UE. Take Figure 7 as an example, target UE’s position cannot be calculated by either Uu positioning or SL positioning since DL-TDOA-like positioning requires at least 3 anchor nodes wherein one of them is a reference node. In such case, we have to merge both Uu measurements (i.e. measured between target UE and TRP 1/2) and SL measurements (i.e. measured between target UE and anchor UE 1/2). 
[image: ]
Figure 7. DL-TDOA-like joint SL & Uu positioning
Observation 2: Neither SL-TDOA nor DL-TDOA is workable under the situation of insufficient anchor TRPs or anchor UEs.
However, usually anchor UEs and TRPs are not accurately synchronized and reference nodes for SL and Uu positioning are selected separately. For Uu positioning, a reference TRP (e.g. TRP 1) is selected as reference node, Uu RSTD measurement is obtained by calculating relative timing difference between the anchor TRP and a reference TRP. For SL positioning, a reference UE (e.g. anchor UE 1) is selected as reference node, SL measurement RSTD is obtained by calculating relative timing difference between the anchor UE and the SL reference node. For UE-assisted positioning, DL measurement and SL measurement can be reported to LMF jointly. In order for the LMF to know the time difference or time synchronization error between Uu session and SL session, a special RSTD measurement can be introduced and reported from target UE to LMF. This special RSTD is used to specify the measurement of the relative timing difference between SL reference node and Uu reference node.
Proposal 8: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.

3.   Conclusion
In this contribution, we propose the following observations and proposals:
Observation 1: A unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible.
Observation 2: Neither SL-TDOA nor DL-TDOA is workable under the situation of insufficient anchor TRPs or anchor UEs.
Proposal 1: RAN2 to support control plane design of the SLPP message between UEs, i.e., SLPP over PDCP.
Proposal 2: For control plane design of SLPP message between UEs, RAN2 to support introducing new SL-SRB(s) dedicated for SLPP message, and consider the following options:
· Option 1: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is indicated by upper layer. 
· Option 2: Introduce two new SL-SRBs dedicated for SLPP message, one is to convey broadcast/groupcast SLPP message, the other is to covey unicast SLPP message. 
· Option 3: Introduce a new SL-SRB dedicated for SLPP message, the cast type of the SL-SRB is fixed as one of broadcast, groupcast or unicast . 
Proposal 3: RAN2 to study the specification impact of introducing new SL-SRB(s) for SLPP message, may include SCCH configuration, PDCP PDU format, AM mode and UM mode, new LCID, receiving MAC entity filtering. Taking the legacy SL-SRB&cast type design as the reference.
Proposal 4: Support to use the RSPP/SLPP+LPP between UE and the LMF, i.e., SLPP is designed as a container in the LPP.
Proposal 5: RAN2 to discuss and down-select the two structures of the SLPP container in LPP: add several SLPP containers per LPP message type, or add one SLPP container within one LPP Message.
Proposal 6: Support LMF to determine whether in/partial coverage target UE should adopt hybrid positioning or PC5-only positioning. 
Proposal 7: Support to treat SL-PRS configuration transfer separately with other assistance data when RAN2 discusses ‘SL positioning assistance data exchange’ procedure, and wait for RAN1’s conclusion on SL-PRS configuration delivery.
Proposal 8: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.
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