3GPP TSG RAN WG1 #106-e			R1-2106812
e-Meeting, August 16th – 27th, 2021

Agenda Item: 	8.5.4
Source: 	Sony 
Title: 	Considerations on Latency Improvements for Positioning 
Document for: 	Discussion / Decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
[bookmark: _Hlk58484092]Rel-17 target positioning requirements for commercial use cases and IIoT use cases -were defined during the study item, including the requirements for horizontal/vertical positioning accuracy, physical layer and higher layer end-to-end positioning latency and GNSS positioning integrity [1].
In RANP#91e, a work item on NR positioning enhancements was updated [1]. The objective of the work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the specific objectives of this work item is [1]:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]



In RAN1#105e, the following related agreements were made:
	M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency

RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalling (DCI or DL MAC CE)
· Request of MG(s) with lower layer signalling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· Note: The combination of the above items is possible.

Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement

The following aspects are FFS
· PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities

Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.

Send an LS to RAN2 informing that
· From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
· RAN2 is requested to check if it can be supported and design the signaling details if supported.




This contribution discusses some considerations on physical layer latency improvements for DL and DL+UL positioning methods.
2. Discussions
In legacy UE-assisted downlink-based positioning, the positioning procedure is illustrated in Figure 1. The UE initially receives PDSCH contains LPP Location Information Request. After decoding and obtaining the location information request, the UE sends measurement gap request in PUSCH as an RRC message to the serving gNB. After obtaining the information, the gNB provides measurement gap configuration in PDSCH as RRC message. After decoding/obtaining the information, the UE receives the PRS transmission from typically multiple TRPs within the measurement gap. The UE is expected to receive at least one PRS occasion within the measurement gap. Then, the UE also perform positioning measurement computation (e.g., RSRP measurement, RSTD measurement). Once the measurement is completed and ready to be reported to LMF, the UE transmits uplink request in PUCCH to the serving gNB. After decoding/obtaining the information, gNB provides uplink grant in PDCCH to the UE. Finally, the UE transmits positioning measurement results in PUSCH as LPP protocol to LMF via serving gNB.
[image: ]
[bookmark: _Ref71101635]Figure 1: UE-assisted DL-based positioning
The positioning procedure where the UE is required to request measurement gap and receiving measurement gap configuration in RRC message, and subsequently performing positioning measurement may typically results in hundreds of msec latency. This is relatively a substantial number of physical layer latency. The latency analysis of the legacy (Rel-16) UE-assisted downlink-based positioning was performed and reported in [2]. The results indicated that minimum estimated physical layer latency for Rel.16 downlink-based UE-assisted NR positioning exceeds 10 ms. We consider the best scenario of physical layer latency is typically in the order of 50 ms. This is clearly exceeding the physical layer latency of NR positioning Rel-17. 
During the study item phase, the major physical layer latency components have been identified, such as:
· DL PRS alignment, transmission, measurement (including processing time), and reporting delay.
· Measurement gap request, configuration, and alignment time.
· UE/gNB higher layer (LPP/RRC) processing time.

The legacy positioning procedure should be modified to further reduce the positioning latency, particularly with respect to the above selected components. The measurement gap request and the measurement gap configuration can be partly moved to the physical layer and/or medium access control (MAC) layer. Physical layer signalling is expected to be faster than RRC level signalling. However, the message content size is quite limited. It may not be possible to convey the entire measurement gap configuration in physical layer. One possibility is the gNB provides the supported reduced latency measurement gap configurations to UE directly or indirectly to the UE (via LMF). The physical layer or MAC layer signalling from gNB to UE contain triggering / activation of measurement gap that can be performed by the UE. For example, it contains the index of the selected measurement gap configuration.

Proposal 1: gNB provides the supported MG configuration(s) to UE / LMF.

Proposal 2: Support triggering/activation of MG(s) with layer-1 signalling (e.g., via DCI).

In the legacy positioning procedure, the UE receives LPP request on UE location information from LMF. Subsequently, the UE requests measurement gap for positioning measurement purpose. In the legacy procedure, the LPP content is transparent to the serving gNB. The positioning latency can be reduced if the serving gNB is also aware on the presence of LPP request on UE location information. This can be facilitated by adding a new NRPPa signalling from LMF to the serving gNB indicating there is a request on UE location information. This signal can also contain the expected measurement gap for the UE. Another option is the UE indicate the need of measurement gap in physical layer (UCI) upon reception of the legacy LPP request on UE location information. We consider both options should be supported so that there is a flexibility for the operator when they deploy the positioning services.
Proposal 3: Measurement gap request/indication for low latency positioning measurement purpose can be provided to gNB either from LMF (via NRPPa) or UE (via UCI).
In the legacy approach, the minimum measurement gap repetition period (MGRP) is 20 ms. As an effort to reduce the latency, the low latency positioning measurement should aim to be perform within a measurement gap. Hence, MGRP with the duration of 20 ms may not be necessary. This is necessary as the physical latency is at 10ms. The positioning measurement with reasonable accuracy result should be obtained within a measurement gap length (MGL). A short measurement can be indicated by low M PRS processing sample, in which (1<=M<4). A short measurement gap can be defined as the function of PRS processing sample samples.
Based on the outcome of RAN1#105e, we need to further study on the possibility / benefit of PRS positioning measurement without measurement gap. We consider this approach would be beneficial to reduce the positioning measurement latency. Performing measurement without requesting the gap may eliminate some of the legacy signalling. However, this approach should be enabled with certain conditions/criteria. In the legacy operation, once the UE has received the measurement gap configuration, the UE can perform positioning measurement within the measurement gap. The UE is not expected to transmit / receive any control / data channel within a measurement gap.
Observation 1: Performing positioning measurement without requesting the gap may eliminate some of the legacy signalling. Hence, the positioning latency can be further reduced.
Proposal 4: Positioning measurement without measurement gap is supported and subject to certain conditions to enable such operation.
Positioning measurement without measurement gap can be beneficial, for example in case the UE has low data traffic. When there is no data traffic, such as during PRS transmission, the UE can perform positioning measurement when it is needed. The UE can request that the UE may perform positioning measurement and the base-station can provide the response whether the UE is allowed to perform positioning measurement when it is is needed within certain duration of time. During that duration of time, the UE may perform positioning measurement. That duration of time can be restricted during PRS transmission or specific PRS resource set(s) or PRS resource(s).
Another criterion is whether there is a sufficient PRS in the UE active downlink BWP from the serving cell and selected neighbour cell(s). There may also be other criteria that can be further studied.
Proposal 5: UE intend to perform positioning without measurement grant can indicate to the serving gNB and serving gNB can provide the response whether the UE is allowed to perform positioning measurement (e.g., when it is needed) within certain duration of time.
2 Conclusion
In this contribution, we discuss some aspects on latency improvements for DL and DL+UL positioning methods.  We have made the following proposals: 
Observation 1: Performing positioning measurement without requesting the gap may eliminate some of the legacy signalling. Hence, the positioning latency can be further reduced.
Proposal 1: gNB provides the supported MG configuration(s) to UE / LMF.

Proposal 2: Support triggering/activation of MG(s) with layer-1 signalling (e.g., via DCI).

Proposal 3: Measurement gap request/indication for low latency positioning measurement purpose can be provided to gNB either from LMF (via NRPPa) or UE (via UCI).

Proposal 4: Positioning measurement without measurement gap is supported and subject to certain conditions to enable such operation.

Proposal 5: UE intend to perform positioning without measurement grant can indicate to the serving gNB and serving gNB can provide the response whether the UE is allowed to perform positioning measurement (e.g., when it is needed) within certain duration of time.
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