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1. Introduction

In the latest approved Rel-18 WID on expanded and improved NR Positioning [1], the objective to specify enhancements for enabling LPHAP use case 6 includes:

[image: image1]During the previous RAN2 #121 and 121bis e-meetings [2], the following agreements were made in relation to LPHAP.

RAN2#121 Meeting Agreements:
· When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.

· Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc.

· RAN2 assume when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. LS to RAN3 to confirm this.
RAN#121 bis e-Meeting Agreements
· Wait for RedCap progress on extending eDRX cycle (from RAN2 perspective).

· The SRS validity area configuration contains a list of cells in which it is valid.  FFS validity timer or if we would depend only on explicit release by the network.

· RRCRelease can be used to provide SRS configuration with validity area for use in RRC_INACTIVE.

· SRS configuration request can be indicated via Msg3/MsgA transmission. FFS if the request is in the RRC message or an accompanying MAC CE.

· Send a reply LS to SA2 to indicate that from the perspective of RAN2, “low power or high accuracy” positioning is out of the Rel-18 WI scope.
In this contribution, we provide our views on potential enhancements for LPHAP in higher layer aspects based on current progress. 
2. Discussion
2.1 SRS Configuration Enhancements

SRS positioning validity area for UL Positioning in RRC_INACTIVE is recommended for normative work from RAN2’s perspective according to TR 38.859 [3]. In the last RAN2#121bis e-meeting [2], RAN2 has agreed that the SRS validity area configuration contains a list of cells in which it is valid, and RRCRelease can be used to provide SRS configuration with validity area for use in RRC_INACTIVE.  In addition to that, there remains controversy that whether SRS (pre-)configuration can also be provided via posSIB. Since we have already concluded that the pre-configuration of multiple SRS configurations can be delivered to the UE either by dedicated signaling or SI broadcast in R18 SI phase. RAN2 is suggested to support pre-configuration of multiple SRS configurations and validity area by using PosSIB. In the case of multiple SRS configurations associated with SRS validity areas are pre-configured for UEs in RRC_INACTIVE in posSIB, the UE may need to be provided an additional indication on the explicit SRS configuration and associated validity area in response to a request, which is applied by the UE in RRC_INACTIVE for UL positioning. Specifically, UE may transmit the request for explicit configuration by using RACH procedure.
Proposal 1: Support pre-configuration of multiple SRS configurations and validity area by using posSIB.

Proposal 2: In the case of multiple SRS configurations associated with multiple SRS positioning validity areas are pre-configured for UEs in RRC_INACTIVE, UE may request explicit SRS and validity area configuration to apply via RACH procedure.

Furthermore, regarding to the each delivered SRS configuration information with SRS validity area for a specific UE in RRC_INACTIVE. The SRS configuration information may contain a common set of SRS configuration parameters which can be applied across multiple cells within the configured SRS validity area, or the SRS configuration information may also contain multiple sets of SRS configuration parameters, which are associated with different cells within the configured SRS validity area, to make better use of the SRS resources of each cell.
Proposal 3: The SRS configuration information for a specific UE may contain a common set of SRS configuration parameters, which can be applied across multiple cells within the configured SRS validity area, or contain multiple sets of SRS configuration parameters, which are associated with different cells within the configured SRS validity area.
The SRS configuration update has also been discussed and agreed that Msg3/MsgA transmission can be used to indicate the SRS configuration request in the last RAN2#121bis e-meeting [2]. To have whole picture of the SRS and validity area configuration update procedure and identify corresponding RAN2 issues, we have depicted the SRS and validity update procedure as shown in Figure1.
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Figure1. SRS and validity area configuration update procedure
1. The UE resumes from RRC_INACTIVE, providing the I-RNTI allocated by the last serving gNB and appropriate cause value, e.g., SRS and validity area update.

2. The gNB, if able to resolve the gNB identity contained the in the I-RNTI, request the last serving gNB to provide UE context, providing the cause value received in step1.

3. The last serving gNB may send the SRS validity area update indication to LMF, and also includes the gNB identity.

4. LMF acknowledges the SRS validity area update and transmits SRS validity area update response to last serving gNB.

5. The last serving gNB may provide the UE context to the gNB if the ACK indication from LMF is received. 

6. LMF transmits Requested UL-SRS transmission characteristics Information to gNB, which indicates Requested UL-SRS transmission characteristics Information and associated validity area information if any.
7. The gNB may move the UE to RRC_INACTIVE state by sending RRCRelease message with suspend indication.
According to the Figure1, the UE resumes from RRC_INACTIVE to request new SRS configuration and validity area information in case of defined events are detected, RRCResumeRequest message transmitted from UE to gNB can be used to carry the SRS configuration request. In response, the serving gNB may determine to keep the UE in RRC_INACTIVE state by sending RRCRelease message with SRS configuration and validity area information. Alternatively, the serving gNB may also determine to move the UE to RRC_CONNECTED or RRC_IDLE state with corresponding indication. Specifically, the coordination between the gNB and LMF to determine the SRS validity area configuration are kept open and may fall into RAN3 scope. 
Proposal 4: UE transmits RRCResumeRequest message to gNB to update the SRS configuration and validity area, the serving gNB may provide updated SRS configuration and validity area information by RRCRelease message.
In order to obtain uplink measurement, the TRPs need to know the characteristics of the SRS signal transmitted by the UE for the time period required to perform uplink measurements. These characteristics should be static over the periodic transmission of SRS during the uplink measurements. Hence, the LMF will indicate to the serving gNB the need to direct the UE to transmit SRS signals for uplink positioning. It is up to the serving gNB to make the final decision on resources to be assigned and to communicate this SRS configuration information back to the LMF so that LMF can forward the SRS configuration to the TRPs. 
Considering it has been agreed that the SRS validity area is provided with SRS configuration from serving gNB to UE by RRCRelease message, the requested UL-SRS transmission characteristics information is signaled from the LMF to the serving gNB. Then LMF is also suggested to provide the SRS positioning validity area related information to serving gNB since LMF is the controller to perform the LPHAP enhancements. Specifically, LMF may indicate the serving gNB to provide specific SRS configuration with validity area for UEs in RRC_INACTIVE. If validity area specific SRS configuration is indicated in requested UL-SRS transmission characteristics information from LMF to serving gNB, the serving gNB may determine the SRS resources and explicit cell list to constitute the SRS validity area and feedback the determined information to LMF, the determined SRS configuration is maintained across the cells within the validity area. If no SRS validity area request is indicated from LMF, serving gNB determines the resources for SRS transmission as legacy.
Proposal 5: Serving gNB determines the explicit cell list to constitute the SRS validity area based on LMF request, and then transmits the determined SRS validity area configuration back to LMF. 
In legacy positioning for RRC_INACTIVE UE, the SRS configuration is considered as invalid if TA is not valid. When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRS is configured, the TA timer configuration for SRS should be released. In the case of SRS positioning validity area is configured, how to apply the TA during the SRS validity area needs to be identified. RAN1 has discussed the parameters to support SRS validity area in RAN1#112 meeting [4] and made following conclusions: 
Based on RAN1 agreements, it is feasible to configure the validity area-specific TA timer and RSRP change threshold for UEs in RRC_INACTIVE, RAN2 is kindly suggested to apply the legacy TA validation design to the area-specific TA timer and RSRP change threshold. The validity area-specific timer and RSRP change threshold are configured to UE along with the SRS validity area configuration by RRCRelease message. When the TA configuration is received, UE starts or restarts the validity area specific timer, and stores the RSRP of the downlink pathloss reference with the current RSRP value of the downlink pathloss reference. In addition, the UE shall release the SRS configuration when associated area-specific TA timer expires, and when UE reselects to a cell out of the configured SRS validity area, the configured area-specific TA timer also stops. 
Proposal 6: RAN2 is suggested to reuse the legacy TA timer design for the validity area-specific TA timer:
· UE starts/restarts the area-specific TA timer when receives the TA configuration.

· UE stops the area-specific timer when it reselects to a cell out of the configured SRS validity area. 
· The UE shall release the SRS configuration when the area-specific TA timer expires.
2.2 Alignment between PRS and eDRX configuration 
Alignment between e-DRX and PRS configuration is beneficial from power saving point of view for LPHAP and has been recommended to normative work, which means UE’s reception behaviors for PRS are suggested to be performed during active time duration when UE is configured with e-DRX in RRC_INACTIVE or RRC_IDLE state. There have been two widely discussed alternatives for the alignment: “PRS alignment to fixed DRX” and “DRX alignment to fixed PRS”. In our view, considering e-DRX is configured by gNB or determined by UE itself in legacy. Specifically, for paging DRX, UE uses the shortest of the DRX cycles applicable between default cycle broadcast in system information and UE-specific cycle configured via NAS or RRC signalling. gNB may not have the full knowledge on specific e-DRX configuration for the target UE if UE does not report, also for the consideration to minimize the impact on power efficiency of other non-positioning services, we prefer to select the PRS alignment to fixed DRX during normative work.

Furthermore, since DRX is configured by gNB to UE while LMF provides PRS configuration to UE in positioning assistance data. Either LMF or gNB can be the entity to perform the alignment. In the case of LMF performs the alignment, LMF may take DRX configuration into consideration when it provides positioning assistance data to target UE, then UE or gNB may need to share specific e-DRX configuration depending on the UE’s RRC state to LMF for the alignment implementation, and the DRX configuration transmitted from UE or from gNB can be explicitly requested or provided in an unsolicited manner. In the case of gNB performs the alignment, gNB at least needs to be indicated to perform the alignment explicitly or implicitly, the indication may be transmitted from either LMF or UE, for example, when gNB receives the indication that the alignment between DRX and PRS configuration should be performed, or when gNB is aware of that the UE is a LPHAP UE or the service is LPHAP service, then gNB may perform the alignment with no explicit requests.
Proposal 7: In the case of LMF performs the alignment, e-DRX configurations depending on the UE’s RRC state should be shared with the LMF from the gNB or from the UE.
Proposal 8: In the case of gNB performs the alignment, gNB should be indicated to perform the alignment between e-DRX and PRS configuration explicitly or implicitly.

2.3 DL Positioning in RRC_IDLE state
The discussion on RAT-dependent positioning in RRC_IDLE state has been initiated from Rel-17 and DL positioning in RRC_IDLE state has received a lot of attention, especially on the candidate solutions for how to report the DL measurement results. Since MO-SDT transmission is not supported for RRC_IDLE state, the solutions of measurement reporting for positioning in RRC_INACTIVE state by SDT cannot be reused, enhancements for the DL positioning measurement reporting needs to be specified, two candidate solutions have been identified in SI phase [3].
Alt1: measurement is performed in IDLE and reported in CONNECTED, including the concerns:

- Whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than legacy mechanism, i.e., RRC_INACTIVE positioning.

- Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE for MO-LR, MT-LR and NI-LR.

Alt2: measurement is performed in IDLE, and report is carried with initial access messages, including the concerns:

- Is there AS context/security issue on sending the measurements to LMF?
For Alt 1, considering legacy Rel-17 UE performs positioning in RRC_INACTIVE state and reports the measurement results by using MO-SDT procedure, while not reusing the procedures for NB-IoT UEs in which the location measurements are transmitted to LMF when UE has entered RRC_CONNECTED state, we understood that it is a more power efficient way. In case Alt1 is applied to DL Positioning for RRC_IDLE state, there may be concerns about the power saving benefit to transfer UE to RRC_CONNECTED for the measurement reporting since it increases power consumption. RAN1 may need to evaluate the power saving benefit for Alt1 and RAN2 can take RAN1’s evaluation results to determine the signalling design. 
For Alt 2, legacy RACH procedure can be considered as baseline for the location information transmission, UE may transmit DL positioning measurement reporting in MSG3 if 4-step RACH is applied or in MSG A if 2-step RACH procedure is applied. For the AS context/security issue on sending the measurement to LMF, RRC_INACTIVE UE uses the security mechanism in SDT for the measurement reporting in legacy Rel-17. Although SDT is not supported in RRC_IDLE state, similar mechanisms for the uplink transmission in RRC_IDLE state are supported in the specifications, e.g., EDT, PUR, etc. From power saving purpose, we understand that Alt 2 is more beneficial, and we can also check with SA2 for the AS context issue and SA3 for security problem if necessary.
Proposal 9: For DL measurement reporting in RRC_IDLE state, RAN2 is suggested to consider request RAN1 to evaluate the power saving benefit for Alt 1 and SA2/SA3 to provide feedback on potential AS context/security issues for Alt 2.
3. Conclusion

Proposal 1: Support pre-configuration of multiple SRS configurations and validity area by using posSIB.

Proposal 2: In the case of multiple SRS configurations associated with multiple SRS positioning validity areas are pre-configured for UEs in RRC_INACTIVE, UE may request explicit SRS and validity area configuration to apply via RACH procedure.

Proposal 3: The SRS configuration information for a specific UE may contain a common set of SRS configuration parameters, which can be applied across multiple cells within the configured SRS validity area, or contain multiple sets of SRS configuration parameters, which are associated with different cells within the configured SRS validity area.
Proposal 4: UE transmits RRCResumeRequest message to gNB to update the SRS configuration and validity area, the serving gNB may provide updated SRS configuration and validity area information by RRCRelease message.
Proposal 5: Serving gNB determines the explicit cell list to constitute the SRS validity area based on LMF request, and then transmits the determined SRS validity area configuration back to LMF.
Proposal 6: RAN2 is suggested to reuse the legacy TA timer design for the validity area-specific TA timer:

-
UE starts/restarts the area-specific TA timer when receives the TA configuration.

-
UE stops the area-specific timer when it reselects to a cell out of the configured SRS validity area. 

-
The UE shall release the SRS configuration when the area-specific TA timer expires.
Proposal 7: In the case of LMF performs the alignment, e-DRX configurations depending on the UE’s RRC state should be shared with the LMF from the gNB or from the UE.

Proposal 8: In the case of gNB performs the alignment, gNB should be indicated to perform the alignment between e-DRX and PRS configuration explicitly or implicitly.
Proposal 9: For DL measurement reporting in RRC_IDLE state, RAN2 is suggested to consider request RAN1 to evaluate the power saving benefit for Alt 1 and SA2/SA3 to provide feedback on potential AS context/security issues for Alt 2.
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Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]


Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.


NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.


NOTE: Inputs from RAN1 as necessary may be facilitated via LSs


For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].


SRS for positioning configurations in multiple cells [RAN2, RAN1]. 


Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.


Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].


SRS for positioning activation/request procedure(s) [RAN2, RAN1].


Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].


Specify solutions for alignment between eDRX and PRS configurations [RAN2].


Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].





From RAN1 perspective, it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state. Details can be up to RAN2.


For TA validation, use of area specific RSRP change threshold is feasible.


For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area:


For the UL timing advance, further study the following options, including the DL reference timing for each option:


o	Option 1: UE maintains the TA obtained from the last serving cell within the validity area


o	Option 2: UE autonomously adjusts the TA 


o	Option 3: UE maintains multiple TA values, e.g., UE obtains TA using RACH
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