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1. [bookmark: _Hlk53665621]Introduction
At the RAN2#121 meeting[1], the following agreements were reached regarding LPHAP.
RAN2#121 meeting agreements 
1 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.
2 Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc.
3 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.
In this contribution, we will further discuss the following solutions for LPHAP.
-	SRS configuration enhancement
-	Alignment between PRS and eDRX
-	Extending eDRX cycle beyond 10.24s in RRC_INACTIVE
-	Support of positioning in RRC_IDLE
2. Discussion
2.1	SRS configuration enhancement
2.1.1	SRS for positioning configurations in multiple cells
[bookmark: _Hlk130396421][bookmark: _Hlk130377117]The potential procedure of SRS for positioning configurations in multiple cells is as follows.


Figure 2.1.1-1: The potential procedure of SRS for positioning configurations in multiple cells
[bookmark: OLE_LINK7]Regarding the entity determining the SRS positioning validity area and requesting neighbor cells to reserve radio resources for SRS configuration, considering 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, LMF should be the entity determining the SRS positioning validity area and requesting neighbor cells to reserve radio resources for SRS configuration.
After deciding to adopt the SRS configuration enhancement for LPHAP and the expected validity area, LMF should request the serving cell to configure SRS configuration. Then LMF should forward SRS configuration received from serving cell to neighbor cells belonging to the expected validity area and request neighbor cells to reserve radio resources for SRS configuration. The final validity area consists of neighbor cells that can reserve radio resources for SRS configuration.
[bookmark: _Hlk130313322]Currently, the serving cell may release the UE to RRC_INACTIVE after determining the SRS configuration. As the LMF needs to negotiate with the neighbor cells and decides the final validity area, the serving cell should not release UE to RRC_INACTIVE before receiving the validity area from LMF. Therefore, an indication along with the SRS configuration request is needed. With the indication, the serving cell will know the SRS configuration is for low power high accuracy positioning and will wait for the validity area of the SRS configuration from LMF before releasing UE to the RRC_INACTIVE state. And then, the agreed SRS configuration associated with the validity area can be sent from the serving cell to the UE in RRCRelease with SuspendConfig. The solution for SRS for positioning configurations in multiple cells is related to RAN3. So, we should send LS to RAN3 to consider RAN2’s solution when RAN2 reaches a consensus.
Proposal 1: The SRS positioning validity area is determined by LMF.
[bookmark: _Hlk129698145][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK8]Proposal 2: LMF may send an indication to the serving cell when requesting the serving cell to configure SRS configuration. After receiving the indication, the serving cell should wait for the validity area before releasing the target UE to the RRC_INACTIVE state.
Proposal 3: The LMF should forward the SRS configuration received from the serving cell to neighbor cells belonging to the expected validity area and request neighbor cells to reserve radio resources for SRS transmission. And LMF can decide the final validity area based on the feedback from the neighbor cells.
Proposal 4: The LMF should send the validity area to the serving cell so that the serving cell can forward it to the target UE via RRCRelease with SuspendConfig.
Proposal 5: LS to RAN3 to take RAN2’s solution into consideration when RAN2 reaches a consensus on the solution of validity area for SRS configuration.
2.1.2 SRS configuration request
The potential procedure for SRS configuration request is as follows.


Figure 2.1.2-1: The potential procedure for SRS configuration request
When the UE reselects a new cell that is out of the validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. Then, the following two issues should be addressed:
· Issue 1: how to send this RRC message 
· Issue 2: what is the RRC message
For the first issue, in our understanding, if there is an ongoing SDT, this RRC message can be sent by the ongoing SDT. If there isn’t ongoing SDT, two options can be considered. One is that UE sends the RRC message after entering the RRC_CONNECTED state, and the other is that UE sends the RRC message by triggering SDT without going to the RRC_CONNECTED state. Note that the current MO-SDT can only be triggered by upper layers, i.e., NAS or application layer. 
For the second issue, either reusing the existing RRC message (e.g., UE Assistance Information) or introducing a new RRC message is feasible.
[bookmark: _Hlk129857308][bookmark: _Hlk129857506]Proposal 6: RAN2 to discuss how to send the RRC message to the network for SRS configuration request when there is no ongoing SDT,
· Option 1: UE may trigger MO-SDT to send the RRC message.
· Option 2: UE sends the RRC message after entering the RRC_CONNECTED state.
Proposal 7: RAN2 to discuss whether to reuse existing RRC message (e.g., UE Assistance Information) or introduce a new message to send the SRS configuration request.
After receiving the RRC message for SRS configuration request, the new serving cell will know UE’s requirement for new SRS configuration. Then, the new serving cell will update the SRS configuration according to the UE context. In addition to the SRS characteristics, the new indications should also be included in the UE context, so the new serving cell will release UE to the RRC_INACTIVE state after receiving a validity area of SRS configuration from LMF.
Proposal 8: The last serving cell should include the indication received from LMF in the UE context. With it, the new cell will wait for the validity area from LMF before releasing the target UE to the RRC_INACTIVE state.
2.1.3 Pre-configuration of one or multiple SRS
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 validity area. The SRS configuration used by UE will change due to different validity areas when UE performs cell reselection. However, gNBs will not know which SRS configuration is used by UE, which would require network nodes to measure multiple SRS configurations for the same UE simultaneously. To avoid this problem, UE has to indicate the updated SRS configuration to the network when SRS transmission changes due to mobility. In our understanding, it achieves limited or no power-saving gain. So, we think the pre-configuration of one or multiple SRS for positioning configurations can be de-deprioritized in Rel-18.
[bookmark: _Hlk130375007]Observation 1: For pre-configuration of SRS, UE has to indicate the updated SRS transmission to the network when valid SRS configuration changes due to mobility, which achieves limited or no gain of power consumption. 
Proposal 9: The discussion on the pre-configuration of one or multiple SRS for positioning configurations can be de-deprioritized in Rel-18. 
2.2	Alignment between PRS and eDRX
[bookmark: _Hlk130377141]2.2.1 Align PRS with fixed eDRX
[bookmark: _Hlk130376285][bookmark: _Hlk130480163]The state transition energy is a key component of power consumption during positioning. Thus it is beneficial to minimize the gap between PRS measurement and paging monitoring in the time domain to reduce the number of sleep-on transitions. The potential procedure for aligning PRS with fixed eDRX is as follows.


Figure 2.2.1-1: The potential procedure for aligning PRS with fixed eDRX
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.
· Different UEs have different POs. That is, eDRX is per UE while PRS is per cell.
· 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.
For the first issue, the LMF should be informed about the eDRX, DRX and default paging configuration in advance, and then LMF may take the information into account when setting the periodicity and/or response time of deferred MT-LR. 
Proposal 10: LMF should 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.  
For the second and third issues, the LMF shall indicate some assistance information to the serving gNB and neighbor gNB to configure suitable PRS. 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 by on-Demand PRS, making sure that all target UEs can detect PRS around their respective PO. Another way is to request UE-specific PRS for the target UEs with LPHAP requirements and the gNB may stop the PRS transmission if no target UE will monitor paging around the PRS. The detailed procedure for LMF to negotiate PRS configuration with selected TRP(s) is in RAN3 scope. At last, UE should perform the PRS measurements around the PO. The UE can be indicated to do so or the UE behavior can be specified in advance, which may be related to RAN1/RAN4. 
As RAN1/RAN3/RAN4 are not involved in the WID, RAN2 may LS to them to trigger the discussion.
Proposal 11: To align the PRS configuration with fixed eDRX, the following solution can be considered:
· LMF should negotiate PRS configuration with selected TRP(s) to ensure there is valid PRS around PO within PTW. (in RAN3 scope) 
· UE should perform PRS measurement around PO within PTW. (RAN1/RAN4 related)
Proposal 12: LS to RAN1/RAN3/RAN4 to trigger the discussion on aligning PRS configuration with fixed eDRX when RAN2 reaches a consensus on the solution.
2.2.2 Align eDRX with fixed PRS
The paging occasion position is determined by the UE_ID, so it is infeasible to align the PO of multiple UEs with fixed PRS. In addition, according to the justification R14 eDRX’ WID[2] below, the eDRX cycle is configured based on the data delay tolerance and power saving requirements. Therefore, the eDRX cycle can not be adjusted significantly for positioning purposes.
	“Hence, DRX cycle extension is required in order to enable significant battery savings for such UEs. Furthermore, the DRX cycle can be set depending on the data delay tolerance and power saving requirements, thus providing a flexible solution for achieving significant UE battery savings.”


Based on the above analysis, we propose:
[bookmark: _Hlk129701754]Proposal 13: Considering the following aspects, the discussion on aligning eDRX with fixed PRS can be de-deprioritized in Rel-18.
· It is not feasible to align the eDRX of multiple target UEs with fixed PRS considering that different UEs have different PO.
· The DRX cycle can be set depending on the data delay tolerance and power-saving requirements. In this sense, the eDRX cannot be adjusted significantly for positioning purposes.
[bookmark: _Hlk130216714][bookmark: _Hlk130480851]2.3	Extending eDRX cycle beyond 10.24s in RRC_INACTIVE
According to R18 WID[3], positioning-specific enhancement for eDRX cycle beyond 10.24s will be defined as part of Rel-18 WI on expanded and improved NR positioning towards meeting the battery life requirement for LPHAP. In our understanding, alignment between SRS and eDRX can also be considered. Because inactive UE has to periodically wake up to monitor paging and transmit SRS. If the SRS transmission can be aligned with paging monitoring, the number of sleep-on transitions can be reduced to achieve power saving. So we propose to align SRS with fixed eDRX in extending eDRX cycle beyond 10.24s in the RRC_INACTIVE state. 
Observation 2: Aligning SRS configuration with fixed eDRX can also be beneficial towards meeting the battery life requirement for LPHAP.
Similar to PRS alignment, SRS configuration alignment also requires LMF to be aware of the eDRX configuration, and the solution in section 2.2.1 can be reused. After acquiring the eDRX configuration, the LMF can request the corresponding SRS configuration. Besides, the LMF could also indicate some assistance information (e.g., LPHAP required) to the serving gNB to configure the SRS close to the paging occasion.
[bookmark: _Hlk130376549]Proposal 14: RAN2 to consider aligning SRS configuration with fixed eDRX (especially for the eDRX cycle beyond 10.24s). The solution can be:
· LMF acquires the eDRX configuration and takes it into account when setting the periodicity of the requested SRS.
· LMF indicates the serving gNB to configure the SRS close to the paging occasion.
For the SRS periodicity, the SRS configuration in RRC spec[4] is restricted as follows. 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 and align with the eDRX cycle beyond 10.24s, one straightforward solution is to introduce longer candidate values for SRS periodicity, e.g., 20480ms. The target UE will move around within the validity area and maintain the SRS transmission. If the TA is not updated during the mobility, it will cause temporal drift of the uplink signal from the gNB's perspective, making the SRS signal difficult to be detected. Therefore, another solution is to introduce an SRS transmission window, similar to PTW. The periodicity of the SRS transmission window can exceed 10.24s, and multiple SRS signals can be transmitted within the window to improve the probability of SRS detection.
The above solutions are related to RAN1 and RAN3, so LS should be sent to RAN1/RAN3 to trigger the discussion on the solution of aligning SRS with fixed eDRX when RAN2 reaches a consensus on the requirements and initial solutions.
[bookmark: _Hlk130376853]Proposal 15: LS to RAN1/RAN3 to trigger further discussion on aligning SRS configuration with fixed eDRX when RAN2 reaches a consensus on the requirements and initial solutions.
2.4	Support of positioning in RRC_IDLE
[bookmark: _Hlk130302613]In NB-IOT, positioning measurement in the RRC_IDLE state has already been specified and the stage-2 procedure in TS 38.305[5] is as follows. So, positioning measurement in the RRC_IDLE in NB-IOT can be used as a baseline for R18 positioning in RRC_IDLE. Only some modifications are needed for stage 2 and stage 3 specifications. 



Figure 2.4-1: UE positioning measurements in RRC_IDLE state
[bookmark: _Hlk130302823]Proposal 16: UE positioning measurements in RRC_IDLE state in NB-IoT can be used as a baseline for R18 positioning in RRC_IDLE.
[bookmark: _Hlk129958251]Proposal 17: Take the TP in Annex A as the baseline for stage 2 specification of positioning in RRC_IDLE.
3. Conclusion
SRS configuration enhancement
Proposal 1: The SRS positioning validity area is determined by LMF.
Proposal 2: LMF may send an indication to the serving cell when requesting the serving cell to configure SRS configuration. After receiving the indication, the serving cell should wait for the validity area before releasing the target UE to the RRC_INACTIVE state.
Proposal 3: The LMF should forward the SRS configuration received from the serving cell to neighbor cells belonging to the expected validity area and request neighbor cells to reserve radio resources for SRS transmission. And LMF can decide the final validity area based on the feedback from the neighbor cells.
Proposal 4: The LMF should send the validity area to the serving cell so that the serving cell can forward it to the target UE via RRCRelease with SuspendConfig.
Proposal 5: LS to RAN3 to take RAN2’s solution into consideration when RAN2 reaches a consensus on the solution of validity area for SRS configuration.
Proposal 6: RAN2 to discuss how to send the RRC message to the network for SRS configuration request when there is no ongoing SDT,
· Option 1: UE may trigger MO-SDT to send the RRC message.
· Option 2: UE sends the RRC message after entering the RRC_CONNECTED state.
Proposal 7: RAN2 to discuss whether to reuse existing RRC message (e.g., UE Assistance Information) or introduce a new message to send the SRS configuration request.
Proposal 8: The last serving cell should include the indication received from LMF in the UE context. With it, the new cell will wait for the validity area from LMF before releasing the target UE to the RRC_INACTIVE state.
Observation 1: For pre-configuration of SRS, UE has to indicate the updated SRS transmission to the network when valid SRS configuration changes due to mobility, which achieves limited or no gain of power consumption.
Proposal 9: The discussion on the pre-configuration of one or multiple SRS for positioning configurations can be de-deprioritized in Rel-18. 
Alignment between PRS and eDRX 
Proposal 10: LMF should 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.  
Proposal 11: To align the PRS configuration with fixed eDRX, the following solution can be considered:
· LMF should negotiate PRS configuration with selected TRP(s) to ensure there is valid PRS around PO within PTW. (in RAN3 scope) 
· UE should perform PRS measurement around PO within PTW. (RAN1/RAN4 related)
Proposal 12: LS to RAN1/RAN3/RAN4 to trigger the discussion on aligning PRS configuration with fixed eDRX when RAN2 reaches a consensus on the solution.
Proposal 13: Considering the following aspects, the discussion on aligning eDRX with fixed PRS can be de-deprioritized in Rel-18.
· It is not feasible to align the eDRX of multiple target UEs with fixed PRS considering that different UEs have different PO.
· The DRX cycle can be set depending on the data delay tolerance and power-saving requirements. In this sense, the eDRX cannot be adjusted significantly for positioning purposes.
Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state 
Observation 2: Aligning SRS configuration with fixed eDRX can also be beneficial towards meeting the battery life requirement for LPHAP.
Proposal 14: RAN2 to consider aligning SRS configuration with fixed eDRX (especially for the eDRX cycle beyond 10.24s). The solution can be:
· LMF acquires the eDRX configuration and takes it into account when setting the periodicity of the requested SRS.
· LMF indicates the serving gNB to configure the SRS close to the paging occasion.
Proposal 15: LS to RAN1/RAN3 to trigger further discussion on aligning SRS configuration with fixed eDRX when RAN2 reaches a consensus on the requirements and initial solutions.
Support of positioning in RRC_IDLE
Proposal 16: UE positioning measurements in RRC_IDLE state in NB-IoT can be used as a baseline for R18 positioning in RRC_IDLE.
Proposal 17: Take the TP in Annex A as the baseline for stage 2 specification of positioning in RRC_IDLE.
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5. Annex
Annex A
*******************TP for the positioning in RRC_IDLE************************
7.1.3	UE positioning measurements in RRC_IDLE state for NB-IoT
NB-IoT UEs may perform measurements for some positioning methods only when in RRC_IDLE state.
Figure 7.1.3-1 shows the general positioning procedure where the UE performs positioning measurements in RRC_IDLE state.


Figure 7.1.3-1: UE positioning measurements in RRC_IDLE state.
1.	The LMF is aware of the UE access type and/or coverage level if applicable from the Location Service Request message received from the AMF. The LMF may send a LPP Request Capabilities message to the UE to obtain the UE positioning method capabilities from the UE, as described in clause 7.1.2.1.
2.	The UE sends its positioning method capabilities to the LMF in a LPP Provide Capabilities message, including an indication of position methods for which the UE needs to make measurements in RRC_IDLE state for NB-IoT case or an indication of positioning methods for which UE can support measurement in RRC_IDLE for NR case.
3.	The LMF may determine the assistance data required for the selected position method or methods, and sends them in one or more LPP Provide Assistance data messages to the UE, as described in clause 7.1.2.2. If an LPP acknowledgement was requested, the UE sends an LPP acknowledgment for each received LPP Provide Assistance data message to the LMF.
4.	If the UE capabilities from step 2 indicate that RRC_IDLE state is required for positioning measurements in NB-IOT case or if positioning measurement in RRC_IDLE is decided by LMF in NR case, the LMF may allow additional response time to the UE to obtain the location measurements, and sends one or more LPP Request Location Information messages to the UE requesting positioning measurements or a location estimate, and including the required response time, as described in clause 7.1.2.3. For (NR)E-CID positioning method, when NRSRP/NRSRQ measurements are requested , the UE is requested to provide NRSRP/NRSRQ measurements for intra-frequency neighbour cells and for inter-frequency neighbour cells. The UE may use inter-frequency information in system information of the serving cell specified in TS 36.331 [13]/TS 38.331 [xx] to decide on which inter-frequency cells to measure.
5.	The UE sends an LPP acknowledgement for each received LPP Request Location Information message to the LMF, if an LPP acknowledgement was requested at step 4 but does not perform the requested measurements.
6.	The UE may finish any other activities in progress (e.g., SMS or data transfer), and waits until the network releases or suspends the connection (after a certain period of inactivity). The UE will then receive an RRC connection release or suspend from the ng-eNB or RRC release from the gNB due to the expiration of the inactivity timer.
7.	When the UE has entered RRC_IDLE state, the UE performs the measurements requested in step 4.
8.	Before the location measurements are to be sent to the LMF, the UE instigates a UE-triggered service request or, when User Plane CIoT 5GC optimization applies in NB-IOT case, the Connection Resume procedure as defined in TS 23.501 [2], if the UE is not using Control Plane CIoT 5GC Optimisation, in order to establish a signalling connection with the AMF. If the UE is using Control Plane CIoT 5GC Optimisation in NB-IOT case, procedures for Mobile Originated Data Transport in Control Plane CIoT 5GC optimisation as defined in TS 23.501 [2] are performed by the UE to establish a signalling connection with the AMF.
9.	When the LPP response time received in step 4 expires (or when location measurements are available before expiry), the UE sends one or more LPP Provide Location Information messages containing the requested location measurements or location estimate obtained in step 7 to the LMF.
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