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Introduction
RAN4 continued discussing requirements for LPHAP in RAN4#108. New agreements and open issues were captured in a WF [1].
In this paper, we provide our views and proposals on open issues for LPHAP use cases.
Discussion
 PRS requirements in RRC_INACTIVE
Previously, RAN4 agreed to define PRS measurement requirements for non-RedCap and RedCap devices with eDRX > 10.24s in RRC_INACTIVE [4]. In RAN4#107, the agreement was extended to include defining requirements with eDRX ≤ 10.24s as well [2].
Issue 1-1-1: Whether to define PRS requirements with RAN eDRX <= 10.24s
· Agreement (from online session)
· Define PRS measurement requirements with eDRX <= 10.24s for RedCap and non-RedCap UEs

Meanwhile, RAN2 reached further agreements regarding the eDRX cycle extension enhancement (eDRX > 10.24 s) in their most recent meeting [3]. Relevant agreements from RAN2#121, RAN2#121bis-e, RAN2#122 and RAN2#123 meetings are reproduced below.
RAN2#121
· 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


RAN2#121bis-e
· RAN PTW length is mandatorily present within Rel-18 INACTIVE eDRX’s configuration​
· Use the same UE_ID_H as IDLE eDRX for calculating the PH for RAN paging when INACTIVE eDRX is longer than 10.24s.​
· Use TeDRX_RAN instead of TeDRX_CN to calculate the PH for RAN paging when TeDRX_RAN is longer than 10.24s.​
· For the overlapping PH, RAN PTW starting location is determined based on CN eDRX cycle.​
· For the non-overlapping PH, PTW starting location for RAN PTW is determined based on the CN eDRX cycle.​
· In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle​
· If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.​
· In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.​


RAN2#122
· UE can support Rel-18 INACTIVE eDRX (which comprises eDRX cycles and PTWs), even if it doesn’t support Rel-17 INACTIVE eDRX.
· A cell can allow Rel-18 INACTIVE eDRX (which comprises eDRX cycles and PTWs), even if it doesn’t allow Rel-17 INACTIVE eDRX, but the cell must allow IDLE eDRX.
· We confirm the working assumption: UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX. 
· A UE configured with Rel-18 INACTIVE eDRX will fall back to use INACTIVE RAN DRX if it is either not configured with Rel-17 INACTIVE eDRX or the cell does not allow Rel-18 INACTIVE eDRX and Rel-17 INACTIVE eDRX.

	RAN2#123
· There NRAN PTW can be shorter, equal to, or longer than the CN PTW
· When enhanced INACTIVE eDRX is used, RAN2 to confirm that UE in RRC_INACTIVE state shall:
1) During CN PTW, use the same i_s as for RRC_IDLE state.
2) Outside CN PTW and within RAN PTW, use the i_s for RRC_INACTIVE state.
3) Outside CN PTW and outside RAN PTW, no PO will be monitored and no i_s will be used.
· When enhanced INACTIVE eDRX is used, RAN2 to confirm that:
1) Outside CN PTW and within RAN PTW, the SubgroupID is also same as the SubgroupID used inside CN PTW.
2) Outside CN PTW and outside RAN PTW, no PO will be monitored and no SubgroupID will be used.




Based on RAN2 agreements, when both CN eDRX (a.k.a. IDLE eDRX) and RAN eDRX (a.k.a. INACTIVE eDRX) are configured with cycle length greater than 10.24 there will be two PTWs, one for CN and for RAN. Each PTW can have a different length. If the CN eDRX cycle is greater than the RAN eDRX cycle (RAN eDRX cannot be greater than CN eDRX) then in some Paging Hyperframes (PH) there will be only a RAN PTW and in others both PTWs will be present. In PHs containing both PTWs, the two PTWs will have the same starting point and, therefore, they will overlap at least partially. The UE DRX cycle T may be different in the shorter PTW (the overlapping portion) vs. in the non-overlapping portion of the longer PTW. 
The three figures below show the different scenarios resulting in different paging cycle patterns when the UE operates in eDRX in RRC_INACTIVE.
Figure 1 shows the case where neither the CN eDRX cycle nor RAN eDRX cycle (if configured) is greater than 10.24 s. In that case there is a uniform paging monitoring pattern throughout time, with periodicity equal to the DRX cycle T.
Figure 2 shows the case where the CN eDRX cycle > 10.24 s and RAN eDRX is either not configured or not greater than 10.24 s. In that case, the DRX cycle T inside the CN PTW may be different from the DRX cycle T’ outside the CN PTW.
Figure 3 shows the case where both the CN eDRX cycle and the RAN eDRX cycle are greater than 10.24 s. In that case, paging is monitored only within the PTWs. Some PHs have only a RAN PTW while others have overlapping RAN and CN PTWs. The DRX cycles may be different inside the RAN PTWs, inside the overlapping portion of the RAN and CN PTWs and inside the non-overlapping portion of RAN and CN PTWs.


[bookmark: _Ref134909775][bookmark: _Ref134909756]Figure 1: Paging in RRC_INACTIVE when CN eDRX ≤ 10.24 s and RAN eDRX is not configured or when both CN eDRX ≤ 10.24 s and RAN eDRX ≤ 10.24 s.



[bookmark: _Ref134909779]Figure 2: Paging in RRC_INACTIVE when CN eDRX > 10.24 s and RAN eDRX is not configured or when CN eDRX > 10.24 s and RAN eDRX ≤ 10.24 s.



[bookmark: _Ref134909781]Figure 3: Paging in RRC_INACTIVE when both CN eDRX > 10.24 s and RAN eDRX > 10.24 s.


To define the requirements with RAN eDRX ≤ 10.24s, RAN4 will use the Rel-17 requirements in RRC_INACTIVE as a baseline. Potential modifications to the baseline are considered in the options listed below.
Issue 1-1-2: TDRX in PRS requirements with RAN eDRX <= 10.24s
· Wayforward
· Option 1: 
· When CN eDRX <= 10.24 s, TDRX is defined as T in Rel-17 TS 38.304.
· When CN eDRX > 10.24 s, TDRX is set to the maximum of the T inside and outside of the CN PTW, where T inside and outside of the CN PTW are defined in Rel-17 TS 38.304.
· Option 2: 
· Based on T calculation in clause 7.1 of TS 38.304

Option 1 above addresses both scenarios where eDRX configured by the core network (CN) is greater than 10.24 s (Figure 2) or less than or equal to 10.24 s (Figure 1). For the case illustrated in Figure 1, the PRS measurement period requirement can be based on the Rel-17 requirements in RRC_INACTIVE with the modification that the DRX cycle follows the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
For the case illustrated in Figure 2, the PRS measurement period requirement can also be based on the Rel-17 requirements in RRC_INACTIVE. However, in his case there are two potentially different DRX cycles (inside and outside the CN PTW). To keep the measurement period requirement simple, we would still like to use a single value of  in the formula. Our proposal is to set  to the maximum of the two values, i.e. the maximum of the DRX cycle outside PTW and inside PTW. The choice of the maximum is motivated by power savings.
Proposal 1: To define PRS measurement requirements in RRC_INACTIVE with 
RAN eDRX ≤ 10.24 s,
· 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.




For the scenario in Figure 3, the following agreement was reached in RAN4#108. At least under some conditions, the measurement period will be aligned with the PTWs. In those cases, it would make sense to align the PRS measurement cadence with the DRX periodicity. 
Issue 1-1-3: Tavailabe in PRS requirements with RAN eDRX > 10.24s
· Wayforward
· Option 1: 
· Tavailable is defined as PRS periodicity TPRS.
· Option 2: 
· Tavailable is LCM (TPRS,i, TDRX), and TDRX is 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.
· Option 3: 
· FFS
[bookmark: _Hlk143076898]Issue 1-1-4: Start of PRS measurement with RAN eDRX > 10.24s
· Agreement (from online session)
· Use the following assumptions on the start of PRS measurement to derive the requirements
· When eDRX cycle is smaller or equal to configured PRS measurement reporting periodicity, UE starts positioning measurement within PTW
· When eDRX cycle is longer than configured PRS measurement reporting periodicity, positioning measurement start is not limited to PTW

Proposal 2: For the PRS measurement period in RRC_INACTIVE with CN/RAN eDRX > 10.24 s and when eDRX cycle is smaller or equal to the configured PRS measurement reporting periodicity,
· Tavailable = LCM (TPRS,i, TDRX)
·  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.

Proposal 3: For the PRS measurement period in RRC_INACTIVE with CN/RAN eDRX > 10.24 s and when eDRX cycle is larger than the configured PRS measurement reporting periodicity,
· Tavailable = TPRS,i


 PRS requirements in RRC_IDLE
The PRS measurement requirements in RRC_INACTIVE can be leveraged to a large extent to define the requirements in RRC_IDLE. However, there are some differences that should be accounted for in the requirements for idle state. For instance, there is no RAN eDRX configured in idle mode.
The applicable scenarios in RRC_IDLE when the UE operates in eDRX are shown in the figures below. When the CN eDRX cycle ≤ 10.24 s (Figure 4), there is a uniform paging monitoring pattern throughout time, with periodicity equal to the DRX cycle T. On the other hand, when the CN eDRX cycle >10.24 s (Figure 5), paging is monitored only within the CN PTWs.



[bookmark: _Ref134916199]Figure 4: Paging in RRC_INACTIVE when CN eDRX ≤ 10.24 s.



[bookmark: _Ref134916256]Figure 5: Paging in RRC_INACTIVE when CN eDRX > 10.24 s.



In RAN4#108, the WF captured the following agreements for requirements in RRC_IDLE [1].
 Issue 1-3-1: Tavailable in PRS requirements
· Wayforward
· Option 1: 
· for both cases with eDRX <= 10.24s and eDRX > 10.24s, TDRX is modified to follow the RAN2 definition of T in Rel-17 TS 38.304.
Issue 1-3-2: Start of PRS measurement with CN eDRX > 10.24s
· Agreement
· Follow same agreement in Issue 1-1-4.  
Issue 1-3-3: Transition requirements
· Agreement
· Transition requirements for cell reselection and RRC state change defined for PRS measurement in RRC_INACTIVE in R17 are reused for RSTD, PRS-RSRP(P) measurement in RRC_IDLE 
 

Proposal 4: To define PRS measurement requirements in RRC_IDLE with CN eDRX ≤ 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 5: For the PRS measurement period in RRC_INACTIVE with CN eDRX > 10.24 s and when eDRX cycle is smaller or equal to the configured PRS measurement reporting periodicity,
· Tavailable = LCM (TPRS,i, TDRX)
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 6: For the PRS measurement period in RRC_INACTIVE with CN eDRX > 10.24 s and when eDRX cycle is larger than the configured PRS measurement reporting periodicity,
· Tavailable = TPRS,i



 SRS validity area in RRC_INACTIVE
The specification work on LPHAP in Rel-18 includes “enhancement of SRS configuration (SRS validity area) to improve the power consumption of UL and UL+DL positioning in RRC_INACTIVE.”
RAN1 reached the following agreement concerning the determination of UL timing when transmitting this enhanced SRS for positioning within the validity area [2]. An LS was sent to RAN4 requesting feedback about the feasibility and associated conditions to enable UE autonomous TA adjustment when cell reselection occurs withing the validity area. 
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.


ACTION: RAN1 respectfully asks RAN4 on the feasibility and necessary conditions on the UE autonomous TA adjustment when cell-reselection happens, e.g., whether the autonomous TA adjustment 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 scenario of interest has some similarities with the one-shot UL timing adjustment specified by RAN4 in Rel-17 FR2 HST. Certain aspects of that solution may be leveraged and applied to enable TA autonomous adjustments for SRS within the validity area. For example, it seems reasonable to allow a one-time autonomous TA adjustment when the difference in downlink reference timing upon cell reselection exceeds a threshold. At the same time, there are some differences that warrant tailoring the solution for the scenario of interest here.
Note that the RAN1 agreement does not explicitly state what is the objective driving autonomous TA adjustments. Instead RAN4 has been asked to determine how the TA should be adjusted autonomously. In our view, for this scenario SRS transmission within the validity area, the TA should be adjusted so that the UL timing remains nominally unchanged before/after a cell reselection, i.e.

where
 is the reference DL timing before cell reselection and  is the reference DL timing after cell reselection.


Figure 6: Autonomous TA adjustment at cell reselection
Another significant consideration is that once the UE reselects to a new cell in RRC_INACTIVE there would be no further UL data transfers at least until the UE receives a new TA. Until a new TA command is received, the UE can apply an updated UL timing after autonomous TA adjustment exclusively for transmissions of SRS for positioning, which would be received by multiple RPs in various locations. From the perspective of the positioning RPs, there is no expectation of ‘nominal’ UL timing.
In our view, the two points discussed above motivate revisiting the applicable UL timing accuracy requirement after the one-short TA adjustment is applied exclusively for transmission of SRS for positioning within the validity area. Whether a new requirement would apply for subsequent transmissions can be discussed further.
Proposal 7: When cell reselection occurs within the SRS for positioning validity area,
· The UE can perform the one-shot autonomous TA adjustment if the difference in the downlink reference timing between the current cell and the new cell exceeds a threshold. The threshold value is FFS.
· Autonomous TA adjustment is performed to maintain the same UL timing immediately before and after each cell reselection.
· The updated UL timing after autonomous TA adjustment is applied only to transmissions of SRS for positioning within the validity area.
· FFS whether any (existing or new) UL timing requirements apply to subsequent SRS transmission after an autonomous TA adjustment is applied, until a new TA command is received from the network.


Conclusions
Proposal 1: To define PRS measurement requirements in RRC_INACTIVE with 
RAN eDRX ≤ 10.24 s,
· 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.
Proposal 2: For the PRS measurement period in RRC_INACTIVE with CN/RAN eDRX > 10.24 s and when eDRX cycle is smaller or equal to the configured PRS measurement reporting periodicity,
· Tavailable = LCM (TPRS,i, TDRX)
·  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.

Proposal 3: For the PRS measurement period in RRC_INACTIVE with CN/RAN eDRX > 10.24 s and when eDRX cycle is larger than the configured PRS measurement reporting periodicity,
· Tavailable = TPRS,i
Proposal 4: To define PRS measurement requirements in RRC_IDLE with CN eDRX ≤ 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 5: For the PRS measurement period in RRC_INACTIVE with CN eDRX > 10.24 s and when eDRX cycle is smaller or equal to the configured PRS measurement reporting periodicity,
· Tavailable = LCM (TPRS,i, TDRX)
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 6: For the PRS measurement period in RRC_INACTIVE with CN eDRX > 10.24 s and when eDRX cycle is larger than the configured PRS measurement reporting periodicity,
· Tavailable = TPRS,i
Proposal 7: When cell reselection occurs within the SRS for positioning validity area,
· The UE can perform the one-shot autonomous TA adjustment if the difference in the downlink reference timing between the current cell and the new cell exceeds a threshold. The threshold value is FFS.
· Autonomous TA adjustment is performed to maintain the same UL timing immediately before and after each cell reselection.
· The updated UL timing after autonomous TA adjustment is applied only to transmissions of SRS for positioning within the validity area.
· FFS whether any (existing or new) UL timing requirements apply to subsequent SRS transmission after an autonomous TA adjustment is applied, until a new TA command is received from the network.
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