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1. Introduction
The WID[1] of Rel-18 positioning for LPHAP is specified as below:
	· 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].


Based on the WID, this contribution provides our thoughts on the each item of the WID, including SRS in RRC_INACTIVE, DL positioning in RRC_IDLE, eDRX cycle extension in RRC_INACTIVE, PRS&DRX alignment, and other enhancement that facilitates power saving positioning, i.e. relaxed PRS measurement for LPHAP.
2. Discussion
2.1.  SRS enhancement for LPHAP
In the Rel-18 WID, several solutions towards the SRS mobility are specified as below:
	· 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].


Detailed analysis about the 3 bullets are given in the following subsections.
2.1.1.  SRS configuration with validity area
Similar as DL-PRS configuration with validity area in Rel-17, the SRS is configured with a cell list, i.e. validity area by the last serving gNB that releases the UE into RRC_INACTIVE. UE will utilize the SRS configuration as long as the UE does not move out of the range of the cell list as RAN2 agreed in RAN2#121[2]:
	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.


Based on RAN1’s agreements in RAN1#112[3], the SRS configuration for a validity area is divided into common part and dedicated part. The common part contains SRS time and frequency resource which does not change among cells, the dedicated part contains pathloss and spatial relation information which may change regarding to different cells. The dedicate part is under RAN1’s discussion that, if UE camps on a new cell within the validity cell list, whether UE should acquire new pathloss/spatial relation information from the new camping gNB, or UE just adopts a pathloss/spatial relation information based on a pre-defined rule or a default configuration. From RAN2 point of view, the latter approach is more power saving than the former approach, since UE is not required to initiate RA procedure in the new cell requiring/acquiring new configuration. 
Also, UE can notify the new camping gNB when the UE camps on a new cell within the validity area, then LMF can schedule the neighbor gNBs/TRPs of the camping gNB to monitor the SRS, which avoid the case that multiple gNBs always keep monitoring the SRS configuration. This is more suitable when the validity area is configured large, but if UE reselects frequently, the UE’s power consumption will be higher as UE needs to frequently request/receive new configuration of the new cell, which may also cause frequent NRPPa signaling update. Another way is, UE does not notify the new camping gNB when UE camps on a new cell within the validity area, LMF just schedules all gNBs/TRPs in the validity area to monitor the SRS. This is more power saving at UE side especially when UE reselects frequently, and it saves much NRPPa signaling between LMF and camping gNB/neighbor gNBs, which is suitable for the case that the validity area is configured small.
Proposal 1: For UE is within the SRS validity area, support UE keeps on transmitting SRS without notifying the camping gNB. LMF schedules all gNBs/TRPs in the validity area to monitor the SRS.
When UE moves out of the SRS validity area, RAN2#121 has made the following agreement:
	Agreement:
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.


If UE moves out of the validity area and UE still needs to perform positioning using SRS, UE will send a RRC message to the camping cell requesting for new SRS configuration. To ensure the UE is still in RRC_INACTIVE state, UE can initiate RA procedure to the camping cell, then the new cell should interact with the old cell for SRS configuration, finally the new cell releases the UE into RRC_INACTIVE state with the new SRS configuration.
The basic procedure flow of UE moving out of validity area is shown in figure 1:
[image: out of area]
Figure 1. Baseline procedure flow when UE is out of the SRS configuration validity area
Since the LS has been sent to RAN3 to trigger the procedure discussion, RAN2 should wait for RAN3’s final decision on the procedure when UE reselects out of the validity area.
Proposal 2: Support RAN2 to wait for RAN3’s final decision on the procedure when UE reselects out of SRS validity area.
2.1.2.  Pre-configure multiple SRS configurations
The multiple cell’s SRS configuration can be pre-configured by the last serving gNB that releases the UE into RRC_INACTIVE. Based on companies contribution and discussion, there currently has at least 3 different procedure flows: 
Option 1: multiple SRS is directly requested by LMF and pre-configured by last serving gNB. When UE moves to a new cell, UE needs to notify the current camping cell the SRS configuration it chooses, then LMF can trigger neighbor cell of the new camping cell to monitor the SRS that UE is chosen. 
The baseline procedure flow is drawn as figure 2:
[image: figure 1]
Figure 2. Baseline procedure flow of option 1
This option does not need neighbor cell of last serving node/current camping node to know the SRS configuration, they only receives the NRPPa measurement request to know the UE’s SRS configuration that it currently adopted. However, note that LMF is not aware of each cell’s available SRS characteristic which best suits the cell, how can LMF make the right decision on the request of multiple SRS characteristics? That is to say, letting LMF to request multiple SRS configuration characteristics or letting serving gNB itself configure multiple SRS configuration to suit the cell reselection case can not guarantee the valid SRS transmission when cell reselection happens. Also, if UE is to request SRS in every new cell and receive new SRS configuration, then the power saving benefit of pre-configured multiple SRS is not foreseen, especially under the case that UE reselects frequently.
Option 2: Each pre-configured SRS configuration can be associated with a cell ID. The pre-configured SRS configuration of multiple cells are coordinated between multiple cell, LMF and last serving gNB of a UE. When the UE re-selects to one cell within the pre-configured cell, the corresponding SRS configuration should be automatically adopted, and the SRS transmission of the previous cell should be stopped. LMF notifies all the gNB/TRP of the preconfigured SRS to monitor the SRS.
The procedure flow is indicated in figure 3:
[image: figure 2]
Figure 3. Baseline procedure flow of option 2
This option restricts the validation of each SRS configuration within the pre-configured multiple SRS configurations, i.e., each SRS configuration should be adopted by the UE in the corresponding cell when UE moves around. In addition, the pre-configured SRS configuration is firstly requested by LMF to multiple NG-RAN nodes, each NG-RAN node configures the SRS configuration and return to LMF. Then a new signaling is introduced in NRPPa, in which LMF sends the gathered SRS configuration to the last serving gNB(similar like NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message). In this way, the pre-configured SRS is well negotiated between neighbor cell, serving cell and LMF. 
After cell reselection, it is likely that the current camping cell and its neighbor cell are both within the cell list. If that so, no more UL signaling or extra NRPPa measurement request signaling is needed. All the cell within the pre-configured cell list can keep monitoring the multiple SRS configuration according to LMF’s indication. Regarding to the concern of power consumption, we think it can be solved based on gNB’s implementation. For example, each of the pre-configure multiple SRS configuration contains the SRS resources that almost have the same time/frequency domain resources. The multiple cells/TRPs need to receive/measure the SRS resources for positioning purpose anyway. This can reduce the occasions of multiple cells/TRPs’ monitoring.
Option 3: Each pre-configured SRS configuration can be associated with a cell ID. The pre-configured SRS configuration of multiple cells are coordinated between multiple cell, LMF and last serving gNB of a UE. When the UE re-selects to one cell within the pre-configured cell, the corresponding SRS configuration should be automatically adopted, and the SRS transmission of the previous cell should be stopped. Then UE needs to notify the current camping cell that the SRS is sending. Then LMF can trigger neighbor cell of the new camping cell to monitor the SRS that UE is sending.
The basic procedure flow is shown in figure 4:
[image: figure 3]
Figure 4. The baseline procedure of option 3
Option 3 has the advantage of option 1 and option 2, i.e., the pre-configured SRS is well negotiated between neighbor cell, serving cell and LMF so that the validation of SRS in each cell is guaranteed. Also, it does not require multiple gNBs to monitor multiple SRS configurations simultaneously.
Proposal 3: Support pre-configured multiple SRS configurations for multiple cells, each pre-configured SRS configuration is associated with a cell.
Proposal 4: Support option 2 or option 3 for pre-configured multiple SRS configurations.
2.1.3.  Consistency analysis
2.1.3.1.  SRS type
Both 2.1.1 and 2.1.2 share the cell reselection procedure in RRC_INACTIVE. In Rel-17 SRS transmission in RRC_INACTIVE, periodic SRS and semi-persistent SRS are both supported. In Rel-18, the first issue is to confirm whether the two kinds of SRS are still valid during cell reselection. For periodic SRS, if the RRCRelease configures UE with periodic SRS for a validity area, UE can start to transmit the periodic SRS in the last serving cell, and cell reselection will not interrupt the sending; if semi-persistent SRS is configured for a validity area, UE is feasible to receive the DL MAC CE activation command in a cell if SDT is supported in that cell without transiting to RRC_CONNECTED state. Therefore, periodic SRS and semi-persistent SRS can both be supported in the SRS (pre-)configuration across multiple cells.
For semi-persistent SRS, if DL MAC CE activation command is received in the last serving cell via SDT, UE starts transmitting the SRS until the TA timer expires, cell reselection does not break the SRS sending. If UE camps on another cell rather than the last serving cell, under the condition that LMF requests last serving gNB to activate the semi-persistent SRS transmission, since gNB does not know which cell UE is currently in, all gNBs should first perform UE paging, then if the cell that UE camps on supports SDT function, UE will send RRC Resume request on the camp cell using RA SDT resource configured via broadcast signaling. When SDT is activated, gNB can send the DL MAC CE to activate/deactive the semi-persistent SRS transmission in that cell.
Observation 1: If semi-persistent SRS is (pre-)configured across multiple cells, UE is feasible to receive the DL MAC CE activation command in a cell if SDT is supported in that cell.
Proposal 5:For positioning SRS (pre-)configured across multiple cells, support to (pre-)configure both periodic SRS and semi-persistent SRS.
2.1.3.2.  TA timer validation
The SRS validation is also determined by TA timer and RSRP threshold according to the agreement of RAN1#112:
	Agreement
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
· FFS: which RS is the reference RS for the RSRP change threshold


The validity area-specific TA timer is agreed to be introduced for SRS in validity area, and the agreement indicates the details can be up to RAN2. To ensure the smooth switch between cells while the SRS keeps transmitting, RAN2 should further consider and define how this TA timer works (start, restart, stop) across multiple cells. 
TA timer ensures the SRS time advance value to be valid during the timer. However UE may change the time advance when cell reselection happens. Regarding the change of time advance, RAN1 currently provides 3 options:
	Agreement
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:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: UE autonomously adjusts the TA 
· FFS: how the UE adjusts the TA, e.g. up to UE implementation, or based on the TA from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell.
· FFS: whether there is RAN1 specification impact
· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH


For option 1, the time advance is not changed when cell re-selection happens. For option 2, UE can not determine the TA timer start or restart when time advance changes, since gNB does not know how/when UE autonomously adjusts time advance and starts or restarts the TA timer. This will lead to gNB and UE unsynchronized on the SRS transmission validity. That is to say, TA timer start/restart/stop should be known at both UE and gNB. For option 3, UE can receive the Time Advance Command/absolute Time Advance Command in the RA procedure of the camping cell, or UE can receive Time Advance Command MAC CE via DL SDT in the camping cell. In Rel-17, according to TS 38.321, the TA timer will be started or restarted at the following conditions:
· when a Timing Advance Command MAC CE is received, and if an NTA has been maintained with the indicated TAG; 
· when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG or in a MSGB for an SpCell, and when the Contention Resolution is considered successful for Random Access procedure while SRS transmission in RRC_INACTIVE is ongoing; 	
· when an Absolute Timing Advance Command is received in response to a MSGA transmission including C-RNTI MAC CE.
Since UE will also receive the Time Advance Command/absolute Time Advance Command in the RA procedure of the camping cell, or UE can receive Time Advance Command MAC CE via SDT in the camping cell, we suggest to reuse the Rel-17 TA timer start/restart conditions for Rel-18 TA timer across multiple cells.
Proposal 6: Support to reuse the Rel-17 TA timer start/restart conditions for Rel-18 TA timer across multiple cells.
In Rel-17, according to TS 38.331, the TA timer will be stopped (if running) at the following conditions:
· If the RRCSetup is received in response to an RRCResumeRequest or RRCResumeRequest1, and srs-PosRRC-InactiveConfig is configured
· Upon reception of the RRCResume, and srs-PosRRC-InactiveConfig is configured
· if cell reselection occurs when srs-PosRRC-Inactive is configured
For the above stop case, UE should also release the positioning SRS configuration provided by Suspend Config. Therefore it can be seen that in Rel-17, SRS configuration in RRC_INACTIVE is released when TA timer is stopped or expired. However in Rel-18, when SRS is configured with validity area, UE will not release the SRS configuration. So the new TA timer should reuse the Rel-17 timer behaviour on stop action(except for cell reselection case), i.e., if RRCSetup or RRCResume is received, UE stops the TA timer.
Proposal 7: Support the new TA timer to reuse the Rel-17 TA timer behaviour on stop action(except for cell-reselection case), i.e., if RRCSetup or RRCResume is received, UE stops the SRS TA timer.
2.1.3.3.  Unified configuration
From specification perspective, SRS with validity and pre-configured multiple SRS share the same principle and the same structure of configuration, i.e., one or multiple SRS configurations, in each SRS configuration, one or multiple SRS resource sets/SRS resources can be included. Therefore, a unified ASN.1 design oft them is desired to simplify the specification impact. Like figure 5 indicates, TA timer and RSRP threshold are associated with a SRS (pre-)configuration list, and each SRS configuration in the SRS (pre-)configuration list should be associated with a physical cell ID or a cell list. If there is only one SRS config element in the SRS config list, that is the feature of SRS with validity; if there are multiple SRS config elements in the SRS config list, and each SRS config element associates with a PCI, that is the feature of pre-configured with multiple SRS.
[image: LPHAP]
Figure 5. an example of a unified ASN.1 design of 1st bullet and 2nd bullet
For dedicate signaling, the Rel-18 SRS configuration for multiple cells can be configured in RRC Release with Suspend Config, and an example ASN.1 design is provided in the Annex.
Proposal 8: Support a unified ASN.1 design of SRS within validity area and pre-configure SRS for multiple cells. Support to configure the Rel-18 SRS in RRC Release with Suspend Config and take the example configuration in Annex as baseline. 
2.2.  Extend eDRX cycle in RRC-INACTIVE
In Rel-18 discussion, RAN2#121 RedCap AI[4] has made the following agreements regarding to the larger eDRX cycle:
	Agreements：
RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
-	It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
-	When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e. hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message


It is observed that the PTW for eDRX of RAN initiated paging in RRC_INACTIVE will be introduced, the RAN initiated PTW and CN initiated PTW are individually configured. So the new RAN initiated PTW should be take into consideration for LPHAP UE. In addition, the value range of eDRX cycle for RRC_INACTIVE is the same as that in RRC_IDLE, which means the hyperframe will also be used in RRC_INACTIVE. However the current value range of PRS periodicity is {4,5,8,10,16,20.32.40.64.80.160.320.640.1280.2560.5120,10240} in the unit of ms. Thus, extending PRS periodicity is benefit for making better alignment between PRS and eDRX in RRC_INACTIVE and/or RRC IDLE for the power saving purpose.
However it is not clear on the specific rules of the new PTW design for RAN paging in RRC_INAVTIVE, i.e., how/whether UE maintains 2 PTWs in parallel, how to calculate the paging location, etc. So for the alignment between PRS and eDRX, we suggest to wait for RedCap’s decision on RAN initiated PTW in RRC_INACTIVE.
Proposal 9: Support to extend the PRS periodicity larger than 10240ms to suit the eDRX cycle value for eDRX paging cycle in RRC_INACTIVE and/or RRC_IDLE.
Proposal 10: Support to wait for RedCap’s decision on RAN initiated PTW in RRC_INACTIVE when designing the PRS/eDRX alignment.
2.3.  Alignment between DL-PRS and DRX/eDRX 
RAN2#120[5] positioning AI has reached the following agreement on alignment between DL-PRS and DRX:
	Proposal2: Alignment between DRX and PRS is beneficial from power saving point of view for LPHAP and is recommended to normative work. (14/15)
	Two directions of solutions for DRX/PRS alignments are considered: (a) PRS alignment with fixed DRX (b) DRX alignment with fixed PRS
	Solutions for the PRS/DRX alignment, e.g., LMF-based/UE-based solution, is to be discussed
	Impacts to different RRC states (RRC_INACTIVE and RRC_IDLE) is to be discussed


According to TS38.304[6], for the case that DRX is configured for UE in RRC_INACTIVE or RRC_IDLE, but eDRX for CN paging and RAN paging is not configured(or it is configured but not on according to the switch in SIB1), UE monitors CN paging or RAN paging according to the minimum paging cycle value (among RAN initiated paging cycle, CN initiated paging cycle and default paging cycle in the broadcast message) and the paging location parameter in the RRC SIB.
For the case that UE is in RRC_INACTIVE or RRC_IDLE, eDRX for CN paging is configured and is on, and eDRX paging cycle value for CN paging is longer than 1024 radio frames, there will be PTW(paging time window). Currently UE is configured with one PTW within one eDRX cycle for CN paging. 
· In RRC_IDLE, since there is no RAN paging, UE can only receive CN initiated paging during the PTW. 
· In RRC_INACTIVE, there is a case that eDRX cycle for CN paging and eDRX cycle for RAN paging coexists, at this case if eDRX cycle for CN paging is larger than 1024 radio frames, UE should maintain 2 paging cycles/periodicities for indise-PTW and outside-PTW, respectively.
After determining the paging cycle value, UE will have to determine the exact PF location, PO location and MO location for monitoring paging. It can be seen that the final paging location(PF/PO/MO location) that UE adopts in the current cell is determined by many network configuration and pre-defined criteria. In addition, in RRC_INACTIVE or RRC_IDLE, UE may adopt different paging location(PF/PO/MO location) for different cells when cell-reselection happens. Therefore, it is harder to adjust DRX(especially for multiple-cell cases) than adjust PRS.
Observation 2: The final paging location(PF/PO/MO location) that UE adopts in the current cell is determined by many network configuration and pre-defined criteria. In addition, in RRC_INACTIVE or RRC_IDLE, UE may adopt different paging location(PF/PO/MO location) for different cells when cell-reselection happens. So it is harder to adjust DRX than adjust PRS.
On-demand PRS procedure can be reused here for PRS to align with fixed DRX. Note that on-demand PRS procedure contains UE-initiated on-demand PRS procedure and LMF-initiated on-demand PRS procedure. LMF needs to acquire the UE’s current paging location to determine the PRS transmission characteristics. For LMF-initiated on-demand PRS procedure, this can be enabled by serving NG-RAN node telling LMF. However UE’s paging location in different cell may be different, and gNB has no idea where the UE is currently camping on in RRC_INACTIVE/RRC_IDLE, that means in LMF initiate on-demand PRS procedure, it is hard for gNB to update paging information to the LMF when UE cell reselects. On the contrary, UE can trigger on-demand PRS request if the paging location changed during cell-reselection. Therefore, we support to use UE-initiated on-demand PRS procedure for PRS to align with fixed DRX.
Proposal 11: Support to use UE-initiated on-demand PRS procedure for PRS to align with fixed DRX.
The percentage of PF/PO time occupation within one DRX/eDRX cycle is rather small. For example, normally one PO can last 4ms, while the smallest DRX paging cycle is even 320ms. Therefore if UE wants to request some PRS configuration/parameter to suit the current PO location, only requesting PRS periodicity may not be enough, UE should also request the PRS time offset to LMF. The PRS time offset is associated with the requested PRS periodicity, with the unit of subframe or slot. The PRS time offset can indicate the start time of the PF, PO or the first MO in a paging cycle.
Note that UE’s requested PRS periodicity is not necessarily the same with the DRX/eDRX cycle. For power saving purpose, UE should request a PRS periodicity larger or equal to the DRX/eDRX cycle value. If UE requests a PRS periodicity larger than the DRX cycle value, since one PRS period may contain multiple DRX cycles, UE should also request more than one PRS time offset values regarding to the requested PRS periodicity, where each PRS time offset corresponds to a paging location in one DRX/eDRX cycle. If UE requests a PRS periodicity same as the paging cycle value, since UE only monitor one PO in a DRX cycle, if requested PRS periodicity is the same as DRX value, requesting one PRS time offset is enough. Figure 6 gives an example of requested PRS periodicity is larger than DRX cycle. In this case, 2 PRS time offset values should be associated with a requested PRS periodicity.
[image: 图片1]
Figure 6. Example of UE’s PRS request when PRS periodicity is larger than DRX cycle
Proposal 12: In LPP on-demand PRS request message, support UE to request the PRS time offset associated with each requested PRS periodicity to better align the actual paging location.
As analysed above, UE may have different paging cycle value inside PTW and outside the PTW, resulting in different periodicities of PF/PO/MO location. However in Rel-17 on-demand PRS procedure, UE is only able to request one PRS resource set periodicity value per frequency layer, indicating the UE wants the PRS to have a certain single PRS periodicity. If PTW is enabled by UE, the UE should request more than 1 PRS periodicity values in a on-demand PRS request for the alignment of paging cycle inside the PTW and outside the PTW, respectively. An example is provided in figure 7 where UE is enabled with a PTW.
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Figure 7. Example of UE’s PRS request when having a PTW
Proposal 13: In LPP on-demand PRS request message, support UE to request separate PRS periodicities in order to align with the paging cycle inside-PTW and outside-PTW, respectively.
Current PTW length configuration value is {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32} with the unit of 1.28 seconds, which means a PTW can last from 1280ms to 40960ms. According to the 37.355 QoS requirement of response time, a positioning procedure is desired with a time duration between 10ms to 1280s. It can be seen that the time duration of positioning procedure is different from the time duration of a PTW. Since in RRC_IDLE UE is only allowed to receive paging during PTW (if existed), UE is better to perform positioning as well as receiving PRS during the PTW. This can be achieved by UE with the IE dl-prs-StartTime-and-Duration in the on-demand PRS request. For example, UE firstly determines the PTW location in time domain according to the formula in TS38.304, then UE can set the requested PRS start time as the PTW_start and set the requested PRS end time as the PTW_end, as specified in TS38.304, section 7.4.
Proposal 14: In LPP on-demand PRS request message, support UE to use dl-prs-StartTime-and-Duration to request the PRS reception within the PTW(if existed).
For NRPPa design, LMF requests the PRS transmission characteristics to the serving gNB and neighbor gNBs in the NRPPa PRS CONFIGURATION REQUEST message. As analysed above, UE may request more than one PRS periodicities or PRS time offset values. These should also be included in the NRPPa PRS CONFIGURATION REQUEST, too.
Proposal 15: Support LMF to include UE’s requested PRS periodicities or PRS time offsets in the NRPPa PRS CONFIGURATION REQUEST message.
2.4.  Measurement in RRC_IDLE and report in RRC_CONNECTED
According to RAN2#116[7] meeting, when UE is to perform positioning in RRC_INACTIVE, UE can utilize the positioning assistance data by several ways:
	Agreement:
Proposal 4 (modified): For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE through the following ways:
-	positioning system information, i.e. posSIB;(12/13)
-	pre-configure assistance data when UE in RRC_CONNECTED state;(11/13)
-	send to UE in RRC_INACTIVE during ongoing SDT procedure. (9/13)


Since UE does not have SDT in RRC_IDLE, when UE is to perform positioning in RRC_IDLE, UE can utilize the positioning assistance data through posSIB or pre-configured AD when UE in RRC_CONNECTED.
Proposal 16: Support UE to utilize the positioning assistance data through posSIB or pre-configured assistance data in RRC_CONNECTED when UE is to perform positioning in RRC_IDLE.
2.5.  Relaxed PRS measurement for LPHAP
The main purpose of LPHAP is to perform low power positioning for work pieces tracking in a assembly area and warehouse of a factory, as use case 6 in TS22.104[8] indicates. Under the scenario, most of the time the work pieces remains almost the same position, or the moving speed and track range are largely lower than the normal UE. Therefore, reducing the PRS reception chance of these low mobility LPHAP UE will not have huge impact on the positioning accuracy. 
Observation 3: Regarding use case 6, reducing the PRS reception chance of these low mobility LPHAP UE will not have huge impact on the positioning accuracy.
There are two directions to reduce the PRS reception chance:
· NW configures less PRS reception chance for LPHAP UE. This is inflexible since LPHAP UE may have unstable movement speed or track range, e.g., move fast at one time, move slow at another time. It is hard and complex for network to schedule UE with PRS reception suitable for UE’s current situation.
· NW does not change the PRS configuration, instead, UE determines when to reduce the PRS reception chance according to some criteria. The critical issue is how to set this appropriate criteria while lightening the impact on the positioning accuracy. We think the UE not at cell edge criteria or low mobility criteria for relaxed RRM measurement can be reused here, i.e., if UE satisfies the not at cell edge criteria or low mobility criteria by measuring the SSB, which means UE is in a relatively stable movement situation, thus it is not necessary to have frequent PRS reception or measurement as the network may configure to track the UE’s real-time position. Then, UE can decide to perform relaxed PRS measurement by reducing some PRS reception chance. There are some specific methods for relaxed PRS measurement. For example, larger the PRS reception period at UE side, or a pre-defined PRS configuration for UE to apply when UE satisfies the not at cell edge criteria or low mobility criteria.
Proposal 17: Support relaxed PRS measurement for LPHAP by reducing the PRS reception chance according to some criteria, e.g., UE not at cell edge criteria or low mobility criteria for relaxed RRM measurement can be reused.
3. Conclusion
In this section we provide the following observations ans proposals:
SRS enhancement:
Observation 1: If semi-persistent SRS is (pre-)configured across multiple cells, UE is feasible to receive the DL MAC CE activation command in a cell if SDT is supported in that cell.
Proposal 1: For UE is within the SRS validity area, support UE keeps on transmitting SRS without notifying the camping gNB. LMF schedules all gNBs/TRPs in the validity area to monitor the SRS.
Proposal 2: Support RAN2 to wait for RAN3’s final decision on the procedure when UE reselects out of SRS validity area.
Proposal 3: Support pre-configured multiple SRS configurations for multiple cells, each pre-configured SRS configuration is associated with a cell.
Proposal 4: Support option 2 or option 3 for pre-configured multiple SRS configurations.
Proposal 5:For positioning SRS (pre-)configured across multiple cells, support to (pre-)configure both periodic SRS and semi-persistent SRS.
Proposal 6: Support to reuse the Rel-17 TA timer start/restart conditions for Rel-18 TA timer across multiple cells.
Proposal 7: Support the new TA timer to reuse the Rel-17 TA timer behaviour on stop action(except for cell-reselection case), i.e., if RRCSetup or RRCResume is received, UE stops the SRS TA timer.
Proposal 8: Support a unified ASN.1 design of SRS within validity area and pre-configure SRS for multiple cells. Support to configure the Rel-18 SRS in RRC Release with Suspend Config and take the example configuration in Annex as baseline. 
Extend eDRX cycle in RRC_INACTIVE
Proposal 9: Support to extend the PRS periodicity larger than 10240ms to suit the eDRX cycle value for eDRX paging cycle in RRC_INACTIVE and/or RRC_IDLE.
Proposal 10: Support to wait for RedCap’s decision on RAN initiated PTW in RRC_INACTIVE when designing the PRS/eDRX alignment.
Alignment between PRS and DRX
Observation 2: The final paging location(PF/PO/MO location) that UE adopts in the current cell is determined by many network configuration and pre-defined criteria. In addition, in RRC_INACTIVE or RRC_IDLE, UE may adopt different paging location(PF/PO/MO location) for different cells when cell-reselection happens. So it is harder to adjust DRX than adjust PRS.
Proposal 11: Support to use UE-initiated on-demand PRS procedure for PRS to align with fixed DRX.
Proposal 12: In LPP on-demand PRS request message, support UE to request the PRS time offset associated with each requested PRS periodicity to better align the actual paging location.
Proposal 13: In LPP on-demand PRS request message, support UE to request separate PRS periodicities in order to align with the paging cycle inside-PTW and outside-PTW, respectively.
Proposal 14: In LPP on-demand PRS request message, support UE to use dl-prs-StartTime-and-Duration to request the PRS reception within the PTW(if existed).
Proposal 15: Support LMF to include UE’s requested PRS periodicities or PRS time offsets in the NRPPa PRS CONFIGURATION REQUEST message.
Measurement in RRC_IDLE
Proposal 16: Support UE to utilize the positioning assistance data through posSIB or pre-configured assistance data in RRC_CONNECTED when UE is to perform positioning in RRC_IDLE.
Relaxed PRS measurement for LPHAP
Observation 3: Regarding use case 6, reducing the PRS reception chance of these low mobility LPHAP UE will not have huge impact on the positioning accuracy.
Proposal 17: Support relaxed PRS measurement for LPHAP by reducing the PRS reception chance according to some criteria, e.g., UE not at cell edge criteria or low mobility criteria for relaxed RRM measurement can be reused.
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5. Annex
This section provides an example of SRS (pre-)configuration across multiple cells.
SuspendConfig ::=                   SEQUENCE {
...
srs-PosRRC-Inactive-Pre-r18             SetupRelease { SRS-PosRRC-Inactive-Pre-r18 }                            OPTIONAL,   -- Need M
...}

SRS-PosRRC-Inactive-Pre-r18 ::= OCTET STRING (CONTAINING SRS-PosRRC-Inactive-PreConfig-r18)

SRS-PosRRC-Inactive-PreConfig-r18 ::=      SEQUENCE {
SRS-PosRRC-Inactive-PreConfigList-r18        SEQUENCE (SIZE(1..maxNrofPre-SRS-configId-r18)) OF SRS-PosRRC-Inactive-PreConfig-r18                                          OPTIONAL,    -- Need M
inactivePrePosSRS-TimeAlignmentTimer-r18   TimeAlignmentTimer           OPTIONAL,    -- Need M
    inactivePrePosSRS-RSRP-changeThreshold-r18 RSRP-ChangeThreshold-r17   OPTIONAL     -- Need M
}
SRS-PosRRC-Inactive-PreConfig-r18 ::=       SEQUENCE {
Pre-srs-configId-r18                         Pre-SRS-configId-r18
PreSRS-AssociatedCell-r18	                PreSRS-CellList-r18   
    Pre-srs-PosConfigNUL-r18                SRS-PosConfig-r17               OPTIONAL,    -- Need R
    Pre-srs-PosConfigSUL-r18                SRS-PosConfig-r17             OPTIONAL,    -- Need R
    Pre-srs-bwp-NUL-r18                        BWP                       OPTIONAL,    -- Need S
    Pre-srs-bwp-SUL-r18                        BWP                        OPTIONAL,    -- Need S
}
Pre-SRS-configId-r18 ::=                   INTEGER (0..maxNrofPre-SRS-configId-r18-1)

PreSRS-CellList-r18 ::= SEQUENCE (SIZE(1..maxPreSRS-CellIDs-r18)) OF NR-Cell-IDs-r18
 NR-Cell-IDs-r18 ::= SEQUENCE {
	nr-CellGlobalID-r18				NCGI-r15					OPTIONAL,	-- Need M
	nr-PhysCellID-r18				NR-PhysCellID-r16			OPTIONAL,	-- Need M
	nr-ARFCN-r18					ARFCN-ValueNR-r15			OPTIONAL,	-- Need M
	...
}
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