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1	Introduction

This is the summary of the contributions submitted in agenda 8.11.2.1 Latency analysis and latency enhancements. 
The intention is to identify design alternatives, collect company views and, whenever possible, also narrow down the proposals which are not discussed before. 
The proposals in contributions have been categorized in the following main categories:
· Summary of new proposals 
· Aspects covered in [Post112-e][617]/[616]email discussion
[bookmark: _GoBack]The remainder of this document is organized as the following. In Section 2 and 3, we provide discussions based on company contributions according to the categories above. In Section 4 the discussions are summarized with list of proposals. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Summary of new proposals
In section 2.1-2.5, these proposed latency enhancements are not discussed before and are summarized in several aspects. 
2.1	Broadcast Delay optimization
[bookmark: _Toc61561862]According to R2-2101392, broadcast delays for positioning are substantial and cannot be ignored.i.e. the total delay would be Periodicty*NumberOfSegments + NumberOfSegments*SI_WindowLenghth.  Currently SI-windows with same length for all SI messages is configured. By introducing a separate SI window length for the SI messages carrying positioning SIBs, it is possible to configure this window short enough, without consideration of any legacy SIB impact. The short SI window has the advantage of shortening the acquisition time of multiple segments and also of all positioning SIBs that is of interest for the UE.
[bookmark: _Toc61561870][bookmark: OLE_LINK5][bookmark: OLE_LINK6]R2-2101392 Proposal 2: Adjustable and Short SI Window length of 1 slot is considered in Rel-17 for posSIBs.
Additionally, in order to reduce broadcast delays, it should be made possible that each posSIB segment are sent in a separate back to back SI messages. Considering 3 segments of a posSIB; if each segment is scheduled back to back in different SI messages, it will reduce the latency.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Toc61561871]R2-2101392 Proposal 3: Flexible SI scheduling allowing back to back delivery of posSIB segments is considered to reduce broadcast delays.
The unicast tag option was discussed in R16. It can save UE power by not having to listen to broadcast when NW intends to deliver a content using RRC connected mode procedure. It is mainly used in the case of delivering massive amount of AD via SIB.
[bookmark: _Toc61561872]R2-2101392 Proposal 4: Unicast tag is supported to minimize latency and reduce LPP signalling load.
Rapporteur’s comment: 
It seems that proposals 2&3 bring a new posSIBs broadcast mechanism which is quite different from the legacy broadcast mechanism. And the broadcast delay optimization is not in the scope of latecy analysis[3][4] for Rel-17 SI. On the other hand, it is observerd that the proposals 2&3 may reduce the latency of braodcast AD. RAN2 should discuss at first if the broadcast delay optimization is in the scope of latecy reduction, and then evaluate the candidate solutions within both  implementation effort and the gains.  
Proposal 1: RAN2 to discuss whether broadcast delay optimization aspect should be a part of latency reduction.

2.2	Single base-station positioning and rich reporting
According to R2-2101392, repetition of PRS transmission for collecting multiple measurements would turn out very time consuming and will incur large latency. To avoid this, it is important that as much information as possible to enable high accuracy positioning should be collected.
It was discussed in RAN2 previously to support additional paths up to 8. Rich reporting should also be considered as bare minimum measurement performed by UE but providing all the reports to the network. Rich report can help NW to identify where in cell UE is located geographically by using techniques such as ray tracing, finger-printing, AI/ML techniques. In fact measurement performed with smaller duration but providing all the necessary results (nr-RSTD plus all additional paths) can help to lower the latency.
Below is the proposal from R2-2101392: 
Proposal 5: Solution such as efficient signalling (rich reporting) should be prioritized to reduce latency.
[bookmark: _Toc61561874]Proposal 6: Positioning methods requiring lesser signalling should be prioritized and supported for use cases requiring lower latencies.
[bookmark: _Toc61561875]Proposal 7: Reporting of several parameters including multiple peak times, peak power levels, DL-AoA for every peak should be supported.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Rapporteur’s comment: The new proposals on rich reporting are highly related with RAN1 and RAN4. Since the multi-path solution was captured into TR by RAN1, RAN2 won’t discuss it again. So there won’t be proposal on it.

2.3	RRC, MAC, DCI based Configuration
According to R2-2101392, single DCI based Multi-TRP features can be exploited for positioning purpose. As three distinct TRPs (located at different locations) are required for multi-lateration purpose. If serving cell with multiple TRPs with distinct co-ordinates is available; positioning configuration would be simpler as most of the configuration could be done via RRC serving cell and reference signal such as CSI-RS can be used.
Below is the proposal from R2-2101392: 
[bookmark: _Toc47645634][bookmark: _Toc61561878]R2-2101392 Proposal 10: Adopt Rel 16 multi-TRP configurations based on RRC configured RSs for positioning to reduce latency, especially for IIOT.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Rapporteur’s comment: The proposal on multi-TRP configurations based on RRC configured RSs is the RAN1 centric topic. Since MAC/DCI based configuration was captured into TR by RAN1, RAN2 won’t discuss it again. So there won’t be proposal on it.

2.4	The additional delay incurred by Beam Failure and NLOS
Based on R2-2100933, single or multiple beam/TRP failures that involve DL-PRS transmissions can impact the overall positioning performance and incur additional latency, including RAT-dependent positioning techniques that rely on DL and UL positioning measurements. In addition, the latency evaluations performed by RAN1 and RAN2, did not consider the additional delays incurred through retransmissions of the measurement report, which can affect the overall end-to-end latency.
Observation 6: Beam failure events and measurement report retransmissions can introduce additional delays, which may affect the end-to-end latency of determining a UE’s location estimate.
Also, for Rel-17 IIoT positioning, other non-ideal positioning radio events may occur such as the effect of multiple NLOS beams/multipath components or a lack of suitable LOS beams will impact the quality of the DL-PRS measurements performed at UE and thus decrease the computed positioning accuracy at the LMF (UE-assisted positioning) or at the UE (UE-based positioning). This is an additional concern since it has been established that certain indoor factory setting have a high probability of NLOS components. 
Observation 7: NLOS TRPs/links can incur additional latency in terms of beam reselection procedures, request of PRS configuration and thus affect the accuracy of a location estimate.
Below is the proposal from Lenovo, Motorola Mobility: 
R2-2100933 Proposal 7: RAN2 to study mechanisms for mitigating the effects of beam failure and NLOS effects, which can impact the end-to-end positioning latency.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Rapporteur’s comment: This new proposal on beam failure and NLOS effects is highly related with RAN1. But considering this is the last meeting for Rel-17 SI, RAN2 may discuss it here.
Proposal 2: RAN2 to discuss mechanisms for mitigating the effects of beam failure and NLOS effects as one of aspects of latency reduction.

2.5	The latency reduction of MO-LR
According to R2-2101923, the MO-LR request message may optionally include an LPP positioning message. And in current specification, there is no definition about the type of the LPP message.
Observation 1: A LPP message can be included in the MO-LR request message in Rel-16.
For some positioning methods, e.g, NR DL-TDOA/DL-AoD, Barometric, TBS and GNSS, NR DL E-CID etc, it is possible for a UE to directly forward the measurement results to the LMF, combined with the MO-LR request.
Observation 3: For some positioning methods, UE can perform the positioning related measurements and calculation before MO-LR request transmission.
Below is the proposal from R2-2101923:
R2-2101923 Proposal 1： RAN2 shall consider that UE may be able to add the LPP Provide Location Information into the MO-LR request. Detail can be FFS.
Rapporteur’s comment: According to TS 38.305, there is UE-initiated Location Information Delivery Procedure. The Provide Location Information message may include any UE measurements already available at the UE [5]. The latency of reduction is little even if Provide Location Information added into MO-LR request. So there won’t be proposal here.
3	Aspects covered in [Post112-e][617]/[616]email discussion
The proposals submitted by companies in agenda item 8.11.2.1 about these aspects which were already summarized by R2-2100407	[1] are categorized here.  So these proposals won’t be proposed again in this contribution.
3.1 Measurement gaps optimizations (recommended by RAN1)
The measurement gaps optimizations aspect was proposed to confirm the TP below in TR by R2-2100407 [1]:
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the measurement gap
The proposal on measurement gaps in R2-2101907 are different from the options discussed in [Post112-e][617], but the detail options on this aspect can discussed in WI.
R2-2101907 Proposal 1: RAN2 study the measurement gap related latency reduction method for normative work.
R2-2101907 Proposal 2: RAN2 further consider gNB’s measurement configuration without UE’s dynamic request on measurement gap.
So these proposals below by companies on this aspect can be merged into the online discussion of R2-2100407	Summary of [Post112-e][617][POS] Evaluation of latency enhancement solutions (CATT)[1].
R2-2100373 Proposal 1: RAN2 supports measurement gap configuration-less measurement of DL PRS, where UE measures DL PRS without being configured of measurement gaps or outside of measurement gaps
R2-2100373 Proposal 2: RAN2 supports measurement gap configuration-less measurement of DL PRS based on the indication received from gNB (e.g. in MAC CE).
R2-2100685 Proposal 2:	RAN2 agree latency reduction related to the measurement gap, the reporting and request of the measurements following RAN1 agreement and recommend continuing the work in WI.
R2-2100933 Proposal 2: RAN2 supports RAN1 on measurement gap latency reduction techniques. MG configuration signalling is also under scope of RAN2.
R2-2101907 Proposal 1: RAN2 study the measurement gap related latency reduction method for normative work.
R2-2101907 Proposal2: RAN2 further consider gNB’s measurement configuration without UE’s dynamic request on measurement gap.

3.2 Measurement report optimization (recommended by RAN1)
The measurement report optimizations aspect was proposed to confirm the TP below in TR by R2-2100407 [1]:
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules, and/or CG-based)
The proposals by companies on this aspect can be merged into the online discussion of R2-2100407 [1].
R2-2100685 discussed the detail options of CG aspect, and prefers the periodicity and slot offset CG for positioning have a relation to the PRS configured. And the priority of CG for positioning has a relation to the requesting of positioning with a new type CG.
Although the proposal on CG in R2-2101906 is different from the options discussed in [Post112-e][617], the detail options will be discussed in WI according to the conclusion of R2-2100407 [1].
Furthermore, R2-2100869 proposed that “use SDT solution as baseline to support RRC_INACTIVE UE reporting UE location measurements”. SDT solution is covered and discussed in R2-2101230	[Post112-e][609][POS] Positioning support in RRC_IDLE and INACTIVE (Huawei)	[2]. So this document won't discuss it again.
R2-2100685 Proposal 3: Latency reduction related to the reporting and request of the measurements can include the CG method.
R2-2100685 Proposal 4: Follow the RAN1 agreement, priority will be studied further if needed, specified in the WID.
R2-2100814 Proposal 3: The configured grant mechanism for UE to transmit positioning measurement/location should be considered for WI. 
R2-2100814 Proposal 4: The details of configured grant mechanism for UE to transmit measurement results can be studied in WI phase.
R2-2100869 Proposal 1: For latency reduction of UE measurement report, RAN2 focus on priority rules and UL scheduling optimization instead of modifying signaling design.
R2-2100933 Proposal 3: Study lower layer, e.g. RRC signalling techniques to reduce the current LPP response time in order to fulfill the required positioning latency budget.
R2-2100933 Proposal 4: RAN2 supports measurement report latency reduction techniques. FFS CG-based and priority rule reporting solutions and corresponding signalling during the WI phase.
R2-2101906 Proposal 1: RAN2 study on latency reduction using CG where LMF first indicates the required CG info to UE and then UE request the CG to gNB.
R2-2101392 Proposal 11: RAN2 to liase with RAN3 during WI to ensure gNB can allocate the grant at right interval.

3.3	Others
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3.3.1	Request and response of positioning assistance data optimization
The request and response of positioning assistance data optimization aspect was proposed to below by R2-2100407 [1]:
· The details of the solutions can be studied and specified, if needed, which may include the following aspects:
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE, Deferred MT-LR and/or physical layer procedure)
The proposals by companies on this aspect can be merged into the online discussion of R2-2100407 [1].
R2-2100814	Proposal 2: The pre-configured PRS and SRS to reduce positioning latency need to further studied in WI phase. 

3.3.2	Enhancements for prioritized transmission of PRS/SRS
The prioritized transmission of PRS/SRS aspect was proposed to below by R2-2100407 [1]:
· The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The proposals by companies on this aspect can be merged into the online discussion of R2-2100407 [1].
R2-2100373 Proposal 3: For DL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in LPP or RRC signaling) for determining prioritization of DL PRS measurement and reporting of measurements/location estimate
R2-2100373 Proposal 4: For UL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in RRC signaling) and indication of priority for prioritizing UL SRSp transmission (e.g. in MAC CE)
R2-2100933 Proposal 5: RAN2 agrees to support any RAN1-related impacts related to prioritize PRS transmissions.

3.3.3	Architecture enhancement aspect
The architecture enhancement aspect was discussed in [Post112-e][617], however there is no clear consensus on if architecture enhancement aspect for latency reduction will be further studied inRAN2. RAN3 and SA2/SA3 may be involved address architecture and security aspects whenever that may be. Therefore Rapporteur suggests there is no proposal on architecture enhancement aspect for latency reduction in R2-2100407 [1]. 
R2-2100933 Observation 5: RAN3 concluded the feasibility of LMC in NG-RAN.
R2-2100933 Proposal 6: RAN2 to trigger RAN3 on whether the recommended Architecture 3 listed in TR 38.856 is feasible for normative work in terms of reduced latency.
R2-2101227 Proposal 4: For the purpose of evaluating local LMF, the following values should be assumed.
R2-2101227 Proposal 5: The latency for collocated LMF/AMF is quite close to LMF functionality in RAN with optimized procedure.
R2-2101469 Proposal 2:	Update the recommendations from RAN1 in TR 38.857 [1] and summarized in section 1 above from 					RAN2 perspective as follows:
The enhancements of architecture, signaling and procedures for reducing positioning latency are 			recommended for normative work, including DL and DL+UL NR positioning methods as well as 			RAT-Independent positioning methods.
-	The details of the solutions are left for further discussion in normative work, which may include 			the following aspects:
-	Latency reduction related to the measurement gap
-	Latency reduction related to measurement time
-	Latency reduction related to the reporting and request of the measurements (e.g., via location 			scheduling in advance of the time of when the location is needed, via RRC signaling, 					MAC-CE 	and/or physical layer procedure, and/or priority rules)
-	LCS architecture enhancements to support the above
R2-2101870 Proposal 1: For meeting the stringent latency requirements, specifically for commercial use cases, RAN2 should reconsider the existing positioning architecture which does not allow inter-layer interactions between LPP and RRC protocols at NG-RAN.
R2-2101870 Proposal 2: RAN2 should study how and under which conditions the NG-RAN can have inter-layer interactions between LPP and RRC protocol at NG-RAN.
R2-2101870 Proposal 3: Capture in the study item technical report (TR) that it is recommended to study further in the normative phase, solutions that allow LMF functions in NG-RAN and solutions that allow NG-RAN awareness of positioning transactions.
R2-2101921 Proposal 1: Local LMF shall not be added into the TR until RAN2 receives the LS reply about this function from both RAN3 and SA2.
R2-2101392 Proposal 9: For IIOT, deploy 5GC as close as possible to RAN in order to minimize latency due to transport.

3.3.4	Capability procedure aspect
The capability procedure aspect was proposed to below by R2-2100407 [1]:
· The details of the solutions can be studied and SA2 will be involved in WI, which may include the following aspects:
· Latency reduction related to capability procedure.
The proposals by companies on this aspect can be merged into the online discussion of R2-2100407 [1].
R2-2100814 Proposal 1: The positioning capabilities stored by AMF/LMF should be supported for latency reduction and the details can be studied in WI phase.
R2-2101922 Proposal 1: NW can keep the UE positioning capability to reduce the latency of immediate location service. Detail can be FFS.
R2-2101922 Proposal 2: The following alternatives which used for NW to keep UE positioning capability shall be considered:
· Add the UE positioning capability into the UE Capability.
· NW side records the UE positioning capability after positioning service.
R2-2101392 Proposal 8: RAN2 to consider solutions that would save latency during capability transfer and send an LS to SA2 to provide solution that minimizes latency in retrieving capability from UE to LMF via LPP.

3.3.5	Latency analysis aspect
The Latency analysis aspect was discussed in [Post112-e][616] and reported by R2-2100648 Report of [Post112-e][616][POS] TP for latency analysis results (Intel)[3].
The proposals by companies on this aspect are merged into the online discussion of R2-2100648 [3], or to be discussed based on the conclusion of R2-2100648 [3] later.
R2-2101227 Proposal 1: If the latency evaluation is to be captured in the TR, also include the evaluation of latency for the refined procedures by omitting the procedures listed below.
R2-2101227 Proposal 2: If the latency evaluation is to be captured in the TR, modify TUE-gNB to the value in the following table highlighted in red.

4	Conclusion
Based on the discussions in section 2, the following proposals have been made by companies in AI 8.11.2.1:
RAN2 centric topic:
Proposal 1: RAN2 to discuss whether broadcast delay optimization aspect should be a part of latency reduction.
Related RAN1 topic:
Proposal 2: RAN2 to discuss mechanisms for mitigating the effects of beam failure and NLOS effects as one of aspects of latency reduction.
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