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Introduction
RRM requirements for LPHAP are discussed in RAN4#107, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· eDRX in RRC_Inactive
· SRS positioning validity area
· PRS measurement in RRC_Idle
In addition, RAN4 received LS from RAN1 [2] related to transmit timing of SRS in SRS positioning validity area, which requires some RAN4 discussion and feedback.
In this paper we will provide our views on RRM requirements for LPHAP.
Discussion
eDRX in RRC_Inactive
	Issue 1-1-2: PRS requirements with eDRX <= 10.24s, if defined
· Agreement (from AH session)
· The requirements for RRC_INACTIVE state in R17 can be reused as baseline. Details are FFS.
· Wayforward
· Discuss possible adaptations on top of the baseline.
· Option 1: the requirements for RRC_INACTIVE state in R17 can be reused as baseline
· When CN eDRX <= 10.24 s, TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· When CN eDRX > 10.24 s, TDRX in the measurement period formula is set to the maximum of the DRX cycles inside and outside of the CN PTW, according to the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· Option 2: other


We support option 1 in principle to adapt the Rel-17 requirements (baseline) for RAN eDRX <= 10.24s.
[bookmark: _Hlk140824808]When CN eDRX <= 10.24s, UE monitors paging based on T = min{RAN eDRX, CN eDRX}. There is only one T in this case, and it is straightforward to use it for TDRX in definition of Tavailable.
When CN eDRX > 10.24s, UE monitors paging with different T within CN PTW and outside CN PTW. We support to use a single measurement cycle to simplify UE implementation. This is also the principle used to define RRM requirements for intra- and inter-frequency cell reselection. For power saving consideration, it is reasonable to use the maximum of T within CN PTW and outside CN PTW for TDRX in definition of Tavailable.
Proposal 1: For RAN eDRX <= 10.24s, TDRX in Tavailable is defined as 
· T, when CN eDRX <= 10.24s
· the maximum of T within CN PTW and outside CN PTW when CN eDRX > 10.24s
	Issue 1-1-5: Tavailable for PRS requirements with RAN eDRX > 10.24s
· Agreement (from online session)
· PRS measurements are not limited to PTW 
· PRS measurements start instance is FFS
· Option 1: PRS measurements start within the PTW
· Option 2: PRS measurements start is not limited to PTW
· Wayforward
· Further discuss possible adaptations on Tavailable. 
· Option 1: 
· Tavailable in the requirements needs to be updated to exclude the DRX cycle when eDRX cycle is much larger than positioning interval
· Option 2: 
· RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s assuming PRS measurement is not limited to PTW
· Option 3: 
· TDRX in the measurement period formula is set to the maximum of the DRX cycles within the CN PTW and the RAN PTW, according to RAN2 definitions of UE DRX cycle in Rel-18 eRedCap.
· The measurement period starts on the first eDRX cycle inside the next PTW that contains PRS resources in the assistance data. The measurement period can extend beyond the end of the PTW or the union of PTWs (if two PTWs overlap in a PH).
· Option 4: 
· RAN4 to update Tavailable in the requirements after PRS measurement occasion during eDRX cycle longer than 10.24s is settled.
· Option 5: other


We support option 2 regarding the start of the PRS measurement.
The issue of mismatch between eDRX cycle (PTW) and positioning interval (PRS measurement) has been discussed in several past meetings. As shown in Figure 1, occurrence of PTW follows eDRX cycle, and interval between two PTWs can be up to 2.9h. On the other hand, LPHAP use case 6 requires positioning interval of 15-30s.
	SA1 has introduced requirements for LPHAP (Low Power High Accuracy Positioning) for industrial IoT scenarios including use cases such as massive asset tracking, AGV tracking in industrial factory and person localization in danger zones. The SA1 requirements are for high accuracy and extremely low power consumption with battery life sustainable up to one or more years. A typical scenario of interest is use case #6 as defined TS 22.104, which corresponds to tracking of workpiece (in- and outdoor) in assembly area and warehouse with a target accuracy of <1m, a positioning interval of 15-30 seconds, and a battery life of 6-12 months. While Rel-17 NR positioning has introduced support for positioning in RRC_INACTIVE state, whether the current system allows LPHAP requirements to be met was not evaluated during Rel-17.


If the start of PRS measurement is limited to PTW, UE may wait for 2.9h before starting the measurement in the worst where the RRC Release message is received right after an PTW. Even in the average case, UE may wait for 1.5h. It means the UE cannot be located by LMF for the first 2.9h or 1.5h, and the start of the service will be delayed by 2.9h or 1.5h. 
[image: ]
Figure 1: Example of mismatch between eDRX cycle and positioning interval
Besides, UE will be performing periodic measurements in LPHAP use case to avoid frequently receiving LPP measurement request which is power consuming, so even the start of the first measurement is limited to PTW it provides little gain on the power saving when the following measurements are not. On the other hand, if starts of all measurements are limited to PTW, the UE will only be located every 2.9h, and this is clearly not aligned with the service requirement of LPHAP use case 6. Therefore, in our view, UE should perform PRS measurement irrespective of the PTW (i.e. both within and outside PTW).
The next question is how to define TDRX in this case. Based on RAN2 agreements, there would be different T values for different PTW portions. There can be RAN PTW occasion not overlapped with a CN PTW and RAN PTW occasion overlapped with a CN PTW. In the latter case, the duration of RAN and CN PTW can be different, and T can also be different in the overlapping part and non-overlapping part. 
Following the same principle for RAN eDRX <= 10.24s and CN eDRX > 10.24s, we support to use a single measurement cycle based on the maximum of DRX cycles among all PTW portions.
Proposal 2: For RAN eDRX > 10.24s, 
· UE performs PRS measurement irrespective of the PTW (both within and outside PTW), and start of measurement period is not limited to PTW.
· UE performs PRS measurement with a fixed measurement cycle (Tavailable), TDRX in Tavailable is defined as the maximum of DRX cycles among all PTW portions (DRX cycle for each PTW portion is defined by RAN2).
	Issue 1-1-6: Scaling of legacy requirements related to eDRX
· Wayforward
· Option 1: 
· The legacy measurement period can be used as baseline and define or update a scaling factor related to eDRX in the period requirement calculation.
· Option 2: 
· RAN4 should reuse the existing framework of requirements rather than introducing a new scaling factor.
· Option 3: 
· RAN4 to postpone discussion on the need for any scaling factor related to eDRX in the period requirement calculation until issues related to eDRX > 10.24s are settled.


As discussed above, TDRX in definition of Tavailable will be updated to account for eDRX. In our view, this is all that needed to define eDRX requirements in RRC_Inactive, and we do not see a need to introduce scaling on top of existing baseline requirements.
[bookmark: _Hlk140827283]Proposal 3: For defining eDRX requirements in RRC_Inactive, RAN4 to update definition of Tavailable instead of applying a scaling factor on top of Rel-17 baseline.
	Issue 1-1-7: eDRX and PRS/SRS alignment
· Wayforward
· Option 1: 
· RAN4 to study the conditions of alignment between eDRX and PRS/SRS configuration, e.g. the distance between PTW and PRS/SRS resource should be less than Tms.
· Option 2: 
· RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
· Option 3: 
· Further study whether and how to take the alignment between eDRX and PRS configuration into account based on RAN2 progress


We do not support to define applicability conditions for PRS measurement requirements related to alignment between (e)DRX and PRS configuration.
RAN2 and RAN3 are discussing signalling support to enable NW to align time domain location of PRS and paging. In our view, alignment of (e)DRX and PRS configuration should be up to NW implementation, i.e. NW may optimize the (e)DRX and PRS configuration to help UE to achieve additional power saving, but it is not a must for NW. UE could perform PRS measurement based on the received PRS configuration, no matter if it is time aligned with (e)DRX or not, and we see no issue in it.
Proposal 4: RAN4 not to define applicability condition for PRS measurement requirements related to alignment between (e)DRX and PRS configuration.
	Issue 1-1-8: RRM measurement requirements
· Wayforward
· Option 1: 
· RAN4 not to define cell reselection requirement for the determination of validation area.
· Option 2: 
· RAN4 to define RRM measurement requirements for positioning specific needs with RRM measurement not limited to PTW, details are FFS.


We support to define RRM measurement requirements for positioning specific needs with RRM measurement not limited to PTW, at least when UE is configured with SRS transmission.
Based on the procedures defined by RAN1/2, 
· UL timing of SRS is based on the DL timing of camping cell
· Validity of the SRS TA is based on the RSRP measurement camping cell when RSRP based TA validation is configured
· Pathloss and spatial relation are based on measurement of the RS of camping cell
· Validity of the SRS configuration depends on the camping cell
It can be seen that timely serving cell measurement and cell reselection is important for SRS transmission, with or without SRS positioning validity area. When there is a mismatch between eDRX cycle (PTW) and positioning interval (SRS transmission) as in Figure 1, UE should perform RRM measurement based on positioning needs.
For example, assuming SRS periodicity of 10.24s and no positioning validity area, following Rel-17 procedure, UE can only transmit SRS when it is in the serving cell where SRS is configured. When UE is configured with 2.9h eDRX and no RRM measurement for positioning needs, UE is only required to measure serving cell and perform cell reselection measurement every 2.9h. UE would consider serving cell unchanged for 2.9h and transmit SRS even it has moved to another cell during this 2.9h. This will clearly result at incorrect SRS transmission, which will not only cause the measuring gNBs not to be able to correctly receive the SRS but also cause interference to other UEs’ normal UL transmissions.
For another example, as indicated in [2], RAN1 agreed to support UE autonomous TA adjustment at cell reselection within SRS positioning validity area, and asked RAN4 whether additional RRM procedure to obtain the timing difference needs to be defined. When UE is configured with 2.9h eDRX and no RRM measurement for positioning needs, UE is only required to measure serving cell and perform cell reselection measurement every 2.9h. It is well possible that cell reselection occurs and UE moves far away from the old serving cell during 2.9h, and if UE adjust the TA based on timing of the old serving cell and the new camping cell, the adjusted TA would be wrong. 
It is preferable to apply the same RRM requirements when UE is configured with PRS measurement, but some companies commented that it is enough for UE to meet the PRS measurement requirements. We are open to this, but since there is no requirement related to SRS transmission, it is necessary to define RRM measurement requirements when UE is configured with SRS transmission.
Similar to PRS measurement as discussed in Proposal 2, we believe UE should perform RRM measurement for cell reselection irrespective of the PTW (both within and outside PTW). The measurement cycle can be determined in the same way as TDRX for PRS measurement. Since the SRS periodicity can be configured larger than TDRX, the maximum between TDRX and SRS periodicity can be used as RRM measurement cycle to further reduce the UE power consumption.
Proposal 5: For RAN eDRX > 10.24s, at least when UE is configured with SRS transmission,
· UE performs RRM measurement for cell reselection both within and outside PTW, 
· UE performs RRM measurement for cell reselection with measurement cycle T, T is the maximum between DRX cycle (determined same as TDRX for PRS measurement) and SRS periodicity.
SRS positioning validity area
As indicated in [2], RAN1 agreed to support UE autonomous TA adjustment at cell reselection within SRS positioning validity area, and asked RAN4
· The feasibility and condition of the autonomous TA adjustment
· How UE autonomously adjusts the TA
· Whether additional RRM procedure to obtain the timing difference needs to be defined
	Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking the feasibility and necessary conditions (e.g., whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference needs to be defined.)
· The DL reference timing follows the DL timing of current camping cell.


In our understanding, the motivation of UE autonomous TA adjustment is to make sure the SRS Tx timing is adjusted based on the propagation delay difference between the old and new camping cell, while avoid the need to transfer the UE to RRC_Connected to receive TA from the new camping cell. Otherwise, when the sizes of the old and new camping cell are different, UE may transmit with an improper TA causing interference to the other UEs’ UL in the new camping cell.
Based on above understanding, we believe the existing one-shot timing adjustment requirements in cl. 7.1.2.3 can be reused as they are for very similar purpose. 
	-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .


Both the condition (threshold on the timing difference between old and new camping cell) and how UE adjusts the TA are defined in existing requirements, and they can be used as baseline for SRS transmit timing in SRS positioning validity area. We are open to discuss if further adaptation is needed.
On the additional RRM procedure, as discussed in section 2.1, UE should perform RRM measurement for positioning needs so that it can evaluate the current camping cell and reselect to new camping cell (when applicable) in a timely manner. Otherwise, the autonomous adjustment may lead to wrong TA.
Proposal 6: Reuse the one-shot timing adjustment in cl. 7.1.2.3 for UE autonomous TA adjustment in determination of SRS transmit timing in SRS positioning validity area. 
A draft reply LS is provided in the Annex.
	Issue 1-2-1: Impact of SRS positioning validity area
· Wayforward
· Option 1: 
· RAN4 to update the applicability condition of UE Rx-Tx requirements “SRS is configured on the PCell” to e.g. “SRS configuration is valid for the PCell”.
· RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
· Option 2: 
· Wait for further progress in RAN1 and RAN2 to determine the RRM impact of SRS configuration enhancements in RRC_INACTIVE.


Besides UL timing, another RRM impact due to SRS positioning validity area is the applicability of UE Rx-Tx requirements, and some detailed analysis is provided in [3]. RAN4 can further discuss the details based on the latest agreements from RAN1.
Proposal 7: RAN4 to update the applicability condition of UE Rx-Tx requirements considering SRS transmission in SRS positioning validity area.
PRS measurement in RRC_Idle
	Issue 1-3-3: Tavailable for PRS requirements
· Wayforward
· Option 1: 
· When eDRX <= 10.24 s, TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· When eDRX > 10.24 s, 
· TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304 
· the measurement period starts on the first eDRX cycle inside the next PTW that contains PRS resources in the assistance data. The measurement period can extend beyond the end of the PTW. 
· Option 2: other 


As agreed in previous meeting, requirements for RRC_Inactive should be used as baseline to define requirements for RRC_Idle. 
· When CN eDRX <= 10.24s, UE monitors paging with CN eDRX, and it is straightforward to define TDRX as CN eDRX.
· When CN eDRX > 10.24s, UE monitors paging in CN PTW with a DRX cycle T. As discussed for Proposal 2, to meet the service requirements of LPHAP use case 6, UE should measure PRS irrespective of PTW. The measurement cycle can be defined as DRX cycle T.
Proposal 8: Follow the same principle of RRC_Inactive to define requirements for RRC_Idle,
· When CN eDRX <= 10.24s, TDRX is defined as T
· When CN eDRX > 10.24s, 
· UE performs PRS measurement irrespective of the PTW (both within and outside PTW), and start of measurement period is not limited to PTW.
· UE performs PRS measurement with a fixed measurement cycle (Tavailable), TDRX in Tavailable is defined as T.
	Issue 1-3-5: Transition requirements
· Wayforward
· Option 1: 
· When UE changes its state from RRC_IDLE to RRC_CONNECTED, or cell reselection occurs while performing PRS measurement then the following rules apply:
· If the RRC state transition occurs from RRC_IDLE to RRC_CONNECTED state during the RSTD measurement period, then the UE shall continue the RSTD measurement in the RRC_CONNECTED state. The RSTD measurement period can be longer.
· If cell re-selection occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements after the cell selection is completed. The RSTD measurement period can be longer.
· Option 2: other 


In Rel-17, RAN4 defined requirements for transition for PRS measurement in RRC_Inactive, including the RRC state transition and cell reselection. We support to reuse them in RRC_Idle.
Proposal 9: Reuse the same transition requirements for RRC_Inactive in Rel-17 for RRC_Idle.
Conclusions
In this paper we provided our views on RRM requirements for LPHAP.
Proposal 1: For RAN eDRX <= 10.24s, TDRX in Tavailable is defined as 
· T, when CN eDRX <= 10.24s
· the maximum of T within CN PTW and outside CN PTW when CN eDRX > 10.24s
Proposal 2: For RAN eDRX > 10.24s, 
· UE performs PRS measurement irrespective of the PTW (both within and outside PTW), and start of measurement period is not limited to PTW.
· UE performs PRS measurement with a fixed measurement cycle (Tavailable), TDRX in Tavailable is defined as the maximum of DRX cycles among all PTW portions (DRX cycle for each PTW portion is defined by RAN2).
Proposal 3: For defining eDRX requirements in RRC_Inactive, RAN4 to update definition of Tavailable instead of applying a scaling factor on top of Rel-17 baseline.
Proposal 4: RAN4 not to define applicability condition for PRS measurement requirements related to alignment between (e)DRX and PRS configuration.
Proposal 5: For RAN eDRX > 10.24s, at least when UE is configured with SRS transmission,
· UE performs RRM measurement for cell reselection both within and outside PTW, 
· UE performs RRM measurement for cell reselection with measurement cycle T, T is the maximum between DRX cycle (determined same as TDRX for PRS measurement) and SRS periodicity.
Proposal 6: Reuse the one-shot timing adjustment in cl. 7.1.2.3 for UE autonomous TA adjustment in determination of SRS transmit timing in SRS positioning validity area. 
Proposal 7: RAN4 to update the applicability condition of UE Rx-Tx requirements considering SRS transmission in SRS positioning validity area.
Proposal 8: Follow the same principle of RRC_Inactive to define requirements for RRC_Idle,
· When CN eDRX <= 10.24s, TDRX is defined as T
· When CN eDRX > 10.24s, 
· UE performs PRS measurement irrespective of the PTW (both within and outside PTW), and start of measurement period is not limited to PTW.
· UE performs PRS measurement with a fixed measurement cycle (Tavailable), TDRX in Tavailable is defined as T.
Proposal 9: Reuse the same transition requirements for RRC_Inactive in Rel-17 for RRC_Idle.
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1. Overall Description:
RAN4 thanks RAN1 for the LS R1-2306248. 

RAN4 discussed the UE autonomous TA adjustment at cell reselection, and reached the following conclusions:
· On the condition and UE behavior of UE autonomous TA adjustment, reuse the one-shot timing adjustment requirements in cl. 7.1.2.3 of 38.133 as baseline.
· On the additional RRM procedure, UE to perform RRM measurement for cell reselection both within and outside PTW with measurement cycle T, where T will be defined in RAN4 requirements based on DRX cycles and SRS periodicity.

RAN4 respectfully asks RAN1 to take the above information into account. 

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #108-bis			Oct 09 – Oct 13, 2023	         Xiamen, China
RAN WG4 Meeting #109				Nov 13 – Nov 17, 2023	         Chicago, US
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