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Introduction
RAN4 continued discussing requirements for LPHAP in RAN4#106bis-e. New agreements and open issues were captured in a WF [1].
In this paper we provide our views and proposals on open issues, taking into account progress in Rel-18 eRedCap.
Discussion
 Requirements in RRC_INACTIVE
For LPHAP requirements in RRC_INACTIVE, there are two enhancements in the scope of the Rel-18 WI:
1. Extension of eDRX cycle length beyond 10.24 seconds.
2. Enhancement of SRS configuration (SRS validity area) to improve the power consumption of UL and UL+DL positioning in RRC_INACTIVE.
Regarding the first enhancement, according to the WID, the work on position-specific enhancements should be coordinated with the corresponding work in Rel-18 eRedCap WI. The most recent RAN4 agreements on eRedCap are captured in a WF [3]. 
· 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.


RAN4 reached the following agreement on whether to define new positioning requirements in RRC_INACTIVE in RAN4#106bis-e [1].
Issue 1-1-1: PRS measurement requirements
· Agreement (from GTW)
· Define requirements for normal (non-RedCap) and RedCap type of devices
· Define measurement requirements when eDRX is larger than 10.24s. FFS whether to define requirements for eDRX cycle less or equal to 10.24s
· Wayforward
· FFS whether to define requirements for eDRX <= 10.24s
· Option 1: Define requirements for eDRX <= 10.24s
· Option 2: Not to define requirements for eDRX <= 10.24s
· Option 3: Define requirements for eDRX <= 10.24s for RedCap UE, and FFS for non-RedCap UE
· Option 4: other

As shown above, RAN4 agreed to define new requirements for eDRX > 10.24 s and applicable to both RedCap and non-RedCap UEs. It was left FFS whether to define requirements for eDRX ≤ 10.24 s.
In the Rel-18 eRedCap WI, RAN4 agreed to consider eDRX ≤ 10.24 s when defining measurement requirements [3]. Therefore, at least for RedCap UEs, new positioning requirements should be defined for such eDRX configurations. We do not see a strong reason to exclude non-RedCap UEs.
When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements
The detection/measurement/evaluation delay requirements for intra-frequency/inter-frequency neighbour cells shall be specified in the step of:
· INACTIVE eDRX cycle, if the eDRX_Inactive=2.56/5.12/10.24sec
· FFS if eDRX_Inactive  20.48sec

Proposal 1: Define PRS measurement requirements in RRC_INACTIVE for eDRX ≤ 10.24 s.
In the above proposal, our understanding is that it refers to both eDRX configured by the CN and by the RAN (if configured). i.e. if both are configured, the maximum of the two values is not greater than 10.24 s. For that case, it is reasonable to use the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline to define the new requirements.  in the measurement period formula should be modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304, clause 7.1 when the UE operates in eDRX.
Issue 1-1-2: Baseline for new PRS measurement requirements
· Wayforward
· FFS how to define requirements for eDRX <= 10.24s, if requirements are to be defined
· Option 1: the requirements for RRC_INACTIVE state in R17 can be reused as baseline
· Option 2: other
· FFS how to define requirements for eDRX cycle larger than 10.24s.
· Option 1: the requirements for RRC_INACTIVE state in R17 are reused as baseline
· Option 2: the requirements for eDRX cycle > 10.24 sec in Rel-18 eRedCap WI are considered
· Option 3: other

Proposal 2: To define PRS measurement requirements in RRC_INACTIVE for a UE operating in eDRX with eDRX ≤ 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· The requirement applies when the maximum of the eDRX cycles configured by the CN and the RAN (if configured) is not greater than 10.24 s.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Regarding the eDRX cycle extension enhancement (eDRX > 10.24 s), RAN2 made significant progress in eRedCap in their most recent meeting. Agreements from RAN2#121 and RAN2#121bis-e 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}.​


Based on the 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.
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. That is our previous proposal above.
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 3: To define PRS measurement requirements in RRC_INACTIVE for UE operating in eDRX when CN eDRX > 10.24 s and RAN eDRX ≤ 10.24 s (if configured),
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
·  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 case in Figure 3, where paging monitoring (and other RRM measurements) occurs only inside the PTWs, the PRS measurement requirement formulation should aim to preserve energy savings. The requirement should not force the UE to wake up at arbitrary times to perform measurements. One straightforward solution would be to delay the start of the measurement period until the start of the next PTW after the UE receives a location request.
Proposal 4: To define PRS measurement requirements in RRC_INACTIVE for UE operating in eDRX when both CN eDRX > 10.24 s and RAN eDRX > 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· 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).
·  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.
Regarding the enhancement for SRS validity area, RAN1 and RAN2 are still discussing several related issues e.g. TA validation for SRS transmission within the validity area. Relevant RAN1 agreements are reproduced below for reference [2].
Proposal 5: Wait for further progress in RAN1 and RAN2 to determine the RRM impact of SRS configuration enhancements in RRC_INACTIVE.


 Requirements in RRC_IDLE
For idle mode, RAN4 also agreed to define new requirements for eDRX > 10.24 s and applicable to both RedCap and non-RedCap UEs.
Issue 1-3-1: New PRS measurement requirements
· Agreement (from GTW)
· Define requirements for normal (non-RedCap) and RedCap type of devices
· Requirements for PRS measurement in INACTIVE, both with and without eDRX, are re-used for PRS measurement in 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. 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.
 
Proposal 6: To define PRS measurement requirements in RRC_IDLE for a UE operating in eDRX with 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 7: To define PRS measurement requirements in RRC_IDLE for UE operating in eDRX with eDRX > 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· 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.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Another difference between PRS measurement requirements in RRC_IDLE vs. RRC_INACTIVE is that in the former case, the UE must always transition to connected state to report the measurements. In the case of measurements performed in inactive state, the UE would not need to transition to connected state to report measurements if it is capable of reporting the measurements via SDT. If the UE does not support SDT, then it would have to transition to connected state to report the measurements. In Rel-17 the reporting requirements in RRC_INACTIVE already account for extra delay to transition to connected state.
For RSTD measurements performed by the UE in RRC_INACTIVE state, The measurement reporting delay excludes all of the following:
-	additional delay caused other LPP signalling on the DCCH,
-	delay uncertainty introduced when inserting the measurement report in the TTI of the uplink DCCH, equal to 2 x TTIDCCH where TTIDCCH is the duration of subframe or slot or subslot when the measurement report is transmitted on the PUSCH with subframe or slot or subslot duration,
-	any delay caused by unavailability of UL resources to transmit the measurement report,
-	any transmission delay needed by SDT,
-	the time needed to transition to RRC_CONNECTED state to report the measurements.


Proposal 8: The reporting delay for PRS measurements performed in RRC_IDLE needs to account for extra delay to transition to RRC_CONNECTED state.


Conclusions
Proposal 1: Define PRS measurement requirements in RRC_INACTIVE for eDRX ≤ 10.24 s.
Proposal 2: To define PRS measurement requirements in RRC_INACTIVE for a UE operating in eDRX with eDRX ≤ 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· The requirement applies when the maximum of the eDRX cycles configured by the CN and the RAN (if configured) is not greater than 10.24 s.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 3: To define PRS measurement requirements in RRC_INACTIVE for UE operating in eDRX when CN eDRX > 10.24 s and RAN eDRX ≤ 10.24 s (if configured),
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
·  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 4: To define PRS measurement requirements in RRC_INACTIVE for UE operating in eDRX when both CN eDRX > 10.24 s and RAN eDRX > 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· 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).
·  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.
Proposal 5: Wait for further progress in RAN1 and RAN2 to determine the RRM impact of SRS configuration enhancements in RRC_INACTIVE.
Proposal 6: To define PRS measurement requirements in RRC_IDLE for a UE operating in eDRX with 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 7: To define PRS measurement requirements in RRC_IDLE for UE operating in eDRX with eDRX > 10.24 s,
· Reuse the Rel-17 PRS measurement requirements in RRC_INACTIVE as a baseline.
· 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.
·  in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
Proposal 8: The reporting delay for PRS measurements performed in RRC_IDLE needs to account for extra delay to transition to RRC_CONNECTED state.


References
[1] R4-2306353, WF on RRM requirements for LPHAP, RAN4#106bis-e
[2] Session notes for 9.5 Expanded and Improved NR Positioning, RAN1#112bis-e
[3] R4-2306365, WF on R18 RedCap RRM requirements, RAN4#106bis-e


8

4

image1.emf
t

T

PO

T

PO

T

PO


Microsoft_Visio_Drawing.vsdx
t
T
PO
T
PO
T
PO



image2.emf
CN PTW

t

T

PO

T

PO

T͛

PO


Microsoft_Visio_Drawing1.vsdx
CN PTW
t
T
PO
T
PO
T’
PO



image3.emf
CN PTW

t

T

PO PO

RAN PTW

PO

RAN PTW

PO

T͛͛ T͛

...


Microsoft_Visio_Drawing2.vsdx
CN PTW
t
T
PO
T
PO
RAN PTW
PO
RAN PTW
PO
T’’
T’
...



Microsoft_Visio_Drawing3.vsdx
t
T
PO
T
PO
T
PO



image4.emf
CN PTW

t

T

PO

T

PO


Microsoft_Visio_Drawing4.vsdx
CN PTW
t
T
PO
T
PO



