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1. [bookmark: _Hlk53665621]Introduction
[bookmark: _GoBack]At the RAN2#120 meeting, the study item for R18 positioning was finished and output the corresponding TR [1]. R18 positioning WI in [2] was approved at RAN plenary#98-e. For LPHAP, the following objectives are listed in the WID:
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· 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].
· [bookmark: _Hlk122087734]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].


In this contribution, we will further discuss the following solutions for LPHAP.
-	SRS configuration enhancement
-	Alignment between eDRX and PRS
-	Support of positioning in RRC_IDLE
2. Discussion
2.1	SRS configuration enhancement
2.1.1	SRS for positioning configurations in multiple cells
In Rel-17, to perform UL positioning, the LMF will indicate to the serving gNB the need to direct the UE to transmit SRS signals. 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. The gNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the LMF. Additionally, for the UE in RRC_INACTIVE, the SRS configured for positioning will be released upon cell re-selection, to avoid interference to other cells.
To realize SRS for positioning in multiple cells, the TRPs situated at these cells need to be instructed to reserve resources for the target UE. The cell(s) that agree to the instruction can be selected as the validity area for the SRS configuration. For the node that sends the request to the selected cells, the following two options can be considered:
· Option 1: the LMF sends the request to the selected cells via NRPPa. 
· Option 2: the serving cell sends the request to the selected cells via XnAP.
For the existing UL positioning procedure, the SRS configuration is forwarded from the LMF to the TRPs via the NRPPa procedure. To our understanding, in line with the current operation, the request for SRS configuration in multiple cells should also be sent from the LMF to the selected cells.
Upon receiving the response, the LMF shall forward the cell list containing all the agreed TRPs to the serving cell as a validity area. And then, the agreed SRS configuration associated with the validity area can be sent to the UE in RRCRelease with SuspendConfig.
Proposal 1: The LMF shall request multiple TRPs to reserve radio resources for SRS configuration in multiple cells.
Proposal 2: The LMF shall send the validity area of the SRS configuration to the serving cell so that the serving cell can forward it to the target UE via RRCRelease with SuspendConfig.
2.1.2 SRS for positioning request
When the SRS configuration turns invalid, the UE can request and receive an updated SRS configuration without entering RRC_CONNECTED. For the node to receive the request, the following two alternatives can be considered:
· Alt 1: UE sends the request to the LMF via LPP, e.g., RequestAssistanceData. For this alternative, the UE's purpose is to update cell-level SRS configuration, such as the SRS validity area can be updated from [Cell 1, Cell 2] to [Cell 3, Cell 4]. When LMF receives this request, it can configure R17 SRS without validity area to the target UE, or configure SRS configuration valid in multiple cells to the target UE.
· Alt 2: UE sends the request to the serving cell via RRC message, e.g., UEAssistanceInformation. For this alternative, the UE's purpose is to update the parameter-level SRS configuration (e.g., TA) of the serving cell. In this case, the serving cell does not need to send SRS configuration update information to LMF.
Proposal 3: When the SRS configuration turns invalid, the UE can request for SRS configuration update and the request can be:
· cell-level request to LMF via LPP message, e.g., RequestAssistanceData.
· parameter-level request to serving cell via RRC message, e.g., UEAssistanceInformation.
2.1.3 Pre-configuration of one or multiple SRS
In Rel-17, pre-configured assistance data was introduced to reduce the latency, which is the DL-PRS assistance data (with associated validity criteria, i.e. area ID) provided to the UE (before or during an ongoing LPP positioning session), and utilized for potential positioning measurements at a future time (e.g. for deferred MT-LR). Pre-configured DL-PRS assistance data may consist of multiple instances, where each instance applies to a different area within the network.
For pre-configuration of one or multiple SRS, it can be regarded as a further enhancement of SRS in multiple cells, that is, the network can send the pre-configuration to UE with multiple sets of SRS configurations, each set of SRS configurations associated with a valid area. Similarly, the pre-configuration of multiple SRS shall also be sent to the target UE via RRCRelease with SuspendConfig.
In addition, if the pre-configured SRS is SP-SRS, the network enables to activate/deactivate the SP-SRS when needed, flexibly allowing the target UE to send SRS and thus reducing the UE power consumption. The activation/ deactivation request can be sent via SDT (either ongoing MO-SDT or newly triggered MT-SDT).
Proposal 4: The pre-configuration of SRS includes one or multiple sets of SRS configurations, each set of SRS configurations associated with a valid area.
Proposal 5: The pre-configuration of one or multiple SRS is sent to UE via dedicated signaling, i.e., RRCRelease with SuspendConfig.
Proposal 6: If the pre-configured SRS is SP-SRS, the network can activate/deactivate the pre-configuration via SDT (either ongoing MO-SDT or newly triggered MT-SDT).
2.1.4	Longer candidate values for SRS periodicity
For the SRS periodicity, the SRS configuration in RRC spec is restricted as follow. For instance, the periodicity of 81920 slots is only applicable for SCS=120kHz, which equals 10240 ms.
	periodicityAndOffset-p, periodicityAndOffset-p-Ext
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured. For SRS-PosResource, sl20480, sl40960 and sl81920 cannot be configured for SCS=15kHz, sl40960 and sl81920 cannot be configured for SCS=30kHz, and sl81920 cannot be configured for SCS=60kHz. 
When the field periodicityAndOffset-p-Ext is present, the field periodicityAndOffset-p shall be ignored by the UE.


To meet the positioning interval requirement of use case 6, it is beneficial to introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. It may have an impact on RAN1/RAN4 and they should evaluate the feasibility.
Proposal 7: Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. LS to RAN1/RAN4 to confirm the feasibility.

2.2	Alignment between eDRX and PRS
2.2.1 Align PRS with fixed eDRX
The transition energy is a key component of power consumption during positioning. Thus it is beneficial to minimize the gap between PRS measurement/SRS transmission and paging monitoring in the time domain to reduce the number of sleep-on transitions. How to align the positioning and paging monitoring if eDRX configured needs to be studied. The issues include:
· The eDRX configuration is controlled by the gNB and the AMF, which is transparent to the LMF.
· Cell reselection may happen due to UE mobility and some of the parameters for UE to monitor paging are cell-specific, e.g., paging frame offset. That is, the PO in the time domain will change upon cell reselection.
To solve the above issues, the LMF shall be informed about the eDRX, DRX and default paging configuration in advance, and then it may take the information into account when setting the periodicity and/or response time of deferred MT-LR. 
Besides, the LMF shall indicate some assistance information to the serving gNB to configure suitable PRS for the UE. As mentioned before, the PRS measurement should be configured to be close to the paging occasion, which can reduce the transition power of the UE to receive PRS when it wakes up from deep sleep. One straightforward way is to configure a relatively short PRS periodicity, making sure that the UE can detect PRS around the PO. The detailed procedure for LMF to negotiate PRS configuration with selected TRP(s) is in RAN3 scope.
At last, UE shall perform the PRS measurements around the PO within a specific time window. The UE can be indicated to do so or the UE behavior can be specified in advance. The time windowis in RAN1/RAN4 scope.
As RAN1/RAN3/RAN4 are not involved in the WID, RAN2 may LS to them to trigger the discussion.
Proposal 8: To align the positioning configuration with fixed eDRX, the following solution can be considered:
· LMF shall negotiate PRS configuration with selected TRP(s) to ensure there is valid PRS around PO. ( in RAN3 scope) 
· UE shall perform PRS measurement within a specific time window around PO. (in RAN1/RAN4 scope)
Proposal 9: LS to RAN1/RAN3/RAN4 to trigger the discussion on aligning PRS with fixed eDRX when RAN2 reaches a consensus on the solution.
2.2.2 Align eDRX with fixed PRS
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. On top of it, the UE may be configured by upper layers and/or RRC with an extended DRX (eDRX) to further reduce power consumption. That is, the DRX cycle is configured based on the requirement of power consumption and paging latency. In this sense, the eDRX cycle can not be adjusted significantly for positioning purposes. Additionally, the paging occasion position is determined by the UE_ID, which makes it difficult or infeasible to align the PO of multiple UEs with fixed PRS.
Based on the above analysis, we propose:
Proposal 10: The discussion on aligning eDRX with fixed PRS can be de-deprioritized in Rel-18.
2.3	Support of positioning in RRC_IDLE
The procedure of positioning measurements in the RRC_IDLE state for NB-IoT has been captured in TS 38.305. 


Figure 2.3-1: UE positioning measurements in RRC_IDLE state
To our understanding, supporting positioning in RRC_IDLE has no stage 3 impact from RAN2’s perspective. We just need to introduce the corresponding procedure in the stage 2 specification. Thus we propose:
Proposal 11: From RAN2’s perspective, support of positioning in RRC_IDLE only has an impact on stage 2 specification.
3. Conclusion
SRS configuration enhancement
Proposal 1: The LMF shall request multiple TRPs to reserve radio resources for SRS configuration in multiple cells.
Proposal 2: The LMF shall send the validity area of the SRS configuration to the serving cell so that the serving cell can forward it to the target UE via RRCRelease with SuspendConfig.
Proposal 3: When the SRS configuration turns invalid, the UE can request for SRS configuration update and the request can be:
· cell-level request to LMF via LPP message, e.g., RequestAssistanceData.
· parameter-level request to serving cell via RRC message, e.g., UEAssistanceInformation.
Proposal 4: The pre-configuration of SRS includes one or multiple sets of SRS configurations, each set of SRS configurations associated with a valid area.
Proposal 5: The pre-configuration of one or multiple SRS is sent to UE via dedicated signaling, i.e., RRCRelease with SuspendConfig.
Proposal 6: If the pre-configured SRS is SP-SRS, the network can activate/deactivate the pre-configuration via SDT (either ongoing MO-SDT or newly triggered MT-SDT).
Proposal 7: Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. LS to RAN1/RAN4 to confirm the feasibility.

Alignment between eDRX and PRS
Proposal 8: To align the positioning configuration with fixed eDRX, the following solution can be considered:
· LMF shall negotiate PRS configuration with selected TRP(s) to ensure there is valid PRS around PO. ( in RAN3 scope) 
· UE shall perform PRS measurement within a specific time window around PO. (in RAN1/RAN4 scope)
Proposal 9: LS to RAN1/RAN3/RAN4 to trigger the discussion on aligning PRS with fixed eDRX when RAN2 reaches a consensus on the solution.
Proposal 10: The discussion on aligning eDRX with fixed PRS can be de-deprioritized in Rel-18.

Support of positioning in RRC_IDLE
Proposal 11: From RAN2’s perspective, support of positioning in RRC_IDLE only has an impact on stage 2 specification.
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