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1. Introduction
In this document, we provide consideration on the upper bound value of eDRX cycle for RRC_INACTIVE based on the reply LS from CT1[2].
And based on the agreement in last RAN2 meeting [1]. this contribution provides further consideration on the FFS issue on PTW starting location and paging monitoring behavior in various eDRX configurations.
2. Discussion
2.1. eDRX configuration
In the WID[3], it is specified that the details of mechanism and feasibility regarding maximum length of the extended DRX cycle for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
According to the LS reply from CT1(R2-2106964)[2], CT1 could not reach consensus on feedback regarding the feasiblilty of extending eDRX in RRC_INACTIVE up to 10485.76s:
Extended DRX cycles of up to 10485.76 seconds in RRC_IDLE are already supported since Release 16 for NB-IoT connected to the 5GC. It is feasible to extend this support to RedCap UEs in RRC_IDLE in Release 17.
CT1 could not reach consensus on feedback regarding the feasibility of extending extended DRX in RRC_INACTIVE up to 10485.76 seconds.
It seems RAN2 needs to make decision whether to reconsider the upper bound of eDRX cycle for RRC_INACTIVE. We understand the main concern in CT1 is potential DL data buffering overload in CN node due to the very long eDRX cycle. However, as discussed in RAN2 in previous meetings, to extend eDRX cycle for RRC_INACTIVE is beneficial in UE power saving for periodic uplink centric services. Then, a compromise way forward seems worthy discussion, i.e. to reduce the eDRX cycle upper bound value to several hyper frames (which we assume there will be less pressure on CN node and easier to reach consensus). If companies think the compromise is not needed, the upper bound value can be aligned with LTE/5GC, i.e. 10.24s.
Proposal 1: RAN2 to discuss whether to change the upper bound value of eDRX cycle for RRC_INACTIVE to 10.24s or several hyper frames.

In RAN2#113bis-e meeting, it was agreed that at least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different. But it is still unclear whether any combination of eDRX cycle length for RRC_DLE and RRC_INACTIVE are allowed. Per our understanding, configuring eDRX for RRC_INACTIVE without eDRX for RRC_IDLE will not bring power saving gain for a RRC_INACTIVE UE, because it anyway need to monitor CN paging and RAN paging. And considering RRC_IDLE state shall have more restrict power saving requirement than RRC_INACTIVE state, it is reasonable to limit eDRX cycle for RRC_INACTIVE to be no longer than eDRX cycle for RRC_IDLE. Except these two cases, all other combinations should be allowed.
Proposal 2: Following configuration combinations are allowed with restriction that if configured, eDRX cycle for RRC_INACTIVE is not longer than eDRX cycle for RRC_IDLE:
Case 1: eDRX for RRC_IDLE is no longer than 10.24s, eDRX for RRC_INACTIVE is not configured
Case 2: eDRX cycle for RRC_IDLE and RRC_INACTIVE are no longer than 10.24s.
Case 3: eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is not configured
Case 4: eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is shorter than 10.24s.
Case 5: both eDRX cycle for RRC_IDLE and RRC_INACTIVE are longer than 10.24s (depends on upper bound value of eDRX cycle for RRC_INACTIVE)

It was agreed in last RAN2 meeting that “when RAN and CN paging coincide in the same PH, the PTW starting location are the same. FFS how to calculate the PTW starting location so that is the same for RAN and CN PTW”.
First of all, the common starting location for RAN PTW and CN PTW can not be achieved by configuration. According to the formula of PTW starting location for LTE eDRX as copied below, the PTW starting location is determined by UE_ID_H and eDRX cycle (TeDRX,H). If eDRX cycle for RRC_IDLE and RRC_INACTIVE are different, the starting location for these two PTW will be most likely different in the coincide PH.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 256* ieDRX, where
-	ieDRX = floor(UE_ID_H /TeDRX,H) mod 4
Observation 1: PTW starting location is determined by UE_ID_H and the eDRX cycle used for PTW start location calculation. Different eDRX cycle results in different PTW starting locations.

To achieve common starting location in the coincide PH, the straight forward approach is to use only one of the two eDRX cycles for the determination of PTW starting location for both CN PTW and RAN PTW. In other words, one of the starting location calculated from the two eDRX cycle is chosen as the common starting location.
As to which eDRX cycle is used, following scenario is taken into consideration:
RRC state may mismatch between UE and network, e.g. UE thinks it is in RRC_INACTITVE, while network releases UE context and thinks UE is in RRC_IDLE for some reasons. In this case, UE continue monitoring both RAN paging and CN paging, while network may trigger CN paging according to RRC_IDLE eDRX configuration. If the common PTW starting location is based on eDRX cycle for RRC_INACTIVE, the CN paging will fail. Following figure shows the mismatch.


Figure 1: Illustration of CN PTW mismatch in RRC state mismatch
To avoid such mismatch, it is preferred to use eDRX cycle for RRC_IDLE in the common PTW starting location calculation. Thus network and UE will always apply the same rule for CN PTW location determination and UE will not miss CN paging in RRC state mismatch scenario.
Observation 2: To use eDRX cycle for RRC_IDLE for determining common PTW starting location can avoid CN paging failure in case of RRC state mismatches between UE and network.

Further, to use eDRX cycle for RRC_IDLE brings additional benefit in spreading RAN PTW of UEs within the coincided PH. According to legacy PH formula, the UEs which have same N least significant bits of UE_ID_H will share the same PH for CN PTW, where the N is determined by eDRX cycle length. Within the PH, these UE’s CN PTW will be spread further to 4 different PTW starting location by additional two bits of UE_ID_H. However, if the eDRX cycle for RRC_INACTIVE is smaller than RRC_IDLE, the start location of RAN PTW will be determined by part of these N bits according to legacy formula. Following figure shows an example that eDRX cycle for RRC_IDLE is 1024 hyper frames and eDRX cycle for RRC_INACTIVE is 64 hyper frames. Because the bits of UE_ID_H used for determine RAN PTW starting location by these UEs are with same value, the PTW starting location calculated by these UEs will also be the same.


Figure 2: example of CN PTW and RAN PTW determination in coincide PH
But if eDRX cycle for RRC_IDLE is used for determining the common starting location for both CN and RAN PTW, these UEs’s RAN PTW are actually re-spreaded evenly to 4 PTW starting locations.
Observation 3: To use eDRX cycle for RRC_IDLE for determining common PTW starting location brings additional benefit in spreading RAN PTW of different UEs in the coincided PH.

Thus, we propose In the coincide PH, eDRX cycle for RRC_IDLE is used for the determination of the common starting location of CN PTW and RAN PTW.
Proposal 3: In the coincide PH, to use eDRX cycle for RRC_IDLE for determining common starting location of CN PTW and RAN PTW.

Another left issue in last RAN2 meeting is how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap. Because the CN PTW length and RAN PTW length can be different from each other, and CN PTW and RAN PTW has the same starting location in the coincide PH, if assuming CN PTW length is no shorter than RAN PTW length, the RAN PTW will be a subset of CN PTW, i.e. CN PTW comprise overlapped part and un-overlapped part.
As to the paging behavior of UE in RRC_INACTIVE within CN PTW and RAN PTW, the basic principle should be that within the whole CN PTW, UE monitor for CN paging to avoid CN paging failure in case of RRC mismatch. And within the RAN PTW, UE monitors RAN paging based on RAN paging cycle. Thus within the overlapped part as indicated above, UE should monitor for both CN paging and RAN paging.
The rest question is whether UE is required to monitor for RAN paging within the non-overlapped part of CN PTW. There are two options:
Option 1: UE monitor for both CN and RAN paging in the overlapped part, and monitor for only CN paging in non-overlapped part.
Option 2: UE monitor for both CN and RAN paging in the CN PTW.
Following figure shows option1 and option 2:


With option2, if UE monitor RAN paging in the non-overlapped part of CN PTW, RAN has more chances to transmit DL data when needed. If the “T” for RAN paging is not smaller than “T” for CN paging, the benefit is get for free. But if the “T” for RAN paging is smaller than the ‘T’ for CN paging, more UE power will be consumed. If the CN PTW is much longer than RAN PTW, e.g. longer than a hyper frame, the UE power consumption may be severe.
Further, to keep the principle of monitoring CN paging within CN PTW and RAN paging within RAN PTW, we propose to adopt option 1. This principle should also be applied to the case that a CN PTW or RAN PTW is not overlapped each other.
Proposal 4: UE monitor for CN paging within CN PTW and monitor for RAN paging within RAN PTW. Within the overlapped part of CN PTW and RAN PTW, UE in RRC_INACTIVE monitor for both CN paging and RAN paging.

UE paging monitoring behavior in other cases(1-4) are discussed as following.
Case 1: eDRX for RRC_IDLE is no longer than 10.24s, eDRX for RRC_INACTIVE is not configured
In this case, the RAN paging message is transmitted according to RAN paging cycle, and CN paging is transmitted according to eDRX cycle for RRC_IDLE. According to previous RAN2 agreement, when eDRX cycle is not longer than 10.24 seconds, PTW is not applied. PF/PO should be determined by directly setting T as eDRX cycle for RRC_IDLE or RAN paging cycle.
In order to monitor paging for both CN paging and RAN paging, PF should be determined by setting T in NR PF formula to the shortest value of eDRX cycle for RRC_IDLE and RAN paging cycle.
While for the paging occasion, parameter N in NR PO formula should be based on eDRX cycle for RRC_IDLE, but not the shortest value of eDRX cycle for RRC_IDLE and RAN paging cycle. The reason is as explained as following:
According to current NR PO formula, the results of PO depends on parameter N:
The PF and PO for paging are determined by the following formula:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
According to definition of N (the number of total paging frames in T), the value of N differs for different T. Thus, the PO determined based on RAN paging cycle and eDRX cycle for RRC_IDLE may be different.
N: number of total paging frames in T
In case of RRC mismatch between UE and network, e.g. network release UE context for some reason while the UE is in RRC_INACTIVE, the UE may miss CN paging if UE monitor paging according to RAN paging cycle while network transmit paging according to eDRX cycle for RRC_IDLE. This issue exists in current specification for LTE eDRX. We have company document discussing this issue.
The straight forward solution to address this issue is to always calculate PO based on eDRX cycle for RRC_IDLE. Then in any case, UE and network always use the same PO for paging transmission and monitoring. 
Proposal 5: In case eDRX cycle for RRC_IDLE is not longer than 10.24s and eDRX for RRC_INACTIVE is not configured, following rule is used:
- PF is determined based on the shortest value of eDRX cycle for RRC_IDLE and RAN paging cycle. PO is determined based on eDRX cycle for RRC_IDLE.

Case 2: eDRX cycle for RRC_IDLE and RRC_INACTIVE are no longer than 10.24s.
In this case, PTW mechanism is not applied to eDRX configuration for both RRC_IDLE and RRC_INACTIVE. CN paging is transmitted according to eDRX cycle for RRC_IDLE and RAN paging is transmitted according to eDRX cycle for RRC_INACTIVE.
Similar to case 1, the PF should be determined by setting T in PF formula as the shortest of eDRX cycle for RRC_IDLE and eDRX cycle for RRC_INACTIVE. And with the same reason, the PO should be determined based on eDRX cycle for RRC_IDLE but not the shortest value of these two eDRX cycles.
Proposal 6: In the case both eDRX cycle for RRC_IDLE and RRC_INACTIVE are shorter than 10.24s, following rule is used:
- PF is determined based on shortest value of eDRX cycle for RRC_IDLE and RRC_INACTIVE. PO is determined based on eDRX cycle for RRC_IDLE.

Case 3: eDRX cycle for RRC_IDLE is longer than 10.24 seconds, eDRX cycle for RRC_INACTIVE is not configured
In this case, PTW mechanism will be applied according to eDRX cycle for RRC_IDLE. Thus CN paging is transmitted within PTW following CN paging rule. RAN paging is transmitted according to RAN paging cycle. 
Within the PTW, UE monitor both CN paging and RAN paging. PF should be determined based on the shortest value of RAN paging cycle, default paging cycle, and UE specific paging cycle, if configured (same as LTE eDRX). The PO is determined based on the shortest value of default paging cycle and UE specific paging cycle if configured with the same reason as discussed in case 1 and case 2.
While outside PTW, UE only monitor paging for RAN paging. PF and PO should be based on RAN paging cycle.
Proposal 7: In the case eDRX cycle for RRC_IDLE is longer than 10.24 s, and eDRX cycle for RRC_INACTIVE is not configured, following rule is used:
- Within CN PTW, PF is determined based on shortest value of RAN paging cycle, default paging cycle, and UE specific paging cycle if configured. PO is determined based on the shortest value of default paging cycle, and UE specific paging cycle if configured.
- Outside CN PTW, PF and PO is determined based on RAN paging cycle.

Case 4: eDRX cycle for RRC_IDLE is longer than 10.24 s, eDRX cycle for RRC_INACTIVE is shorter than 10.24 s.
The difference between this case and case 3 is that the eDRX cycle for RRC_INACTIVE is used instead of RAN paging cycle. Otherwise, there is no meaning to configure eDRX cycle for RRC_INACTIVE.
Proposal 8: In case eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is shorter than 10.24 s, following rule is used:
- Within CN PTW, PF is determined based on shortest value of eDRX cycle for RRC_INACTIVE, default paging cycle, and UE specific paging cycle if configured. PO is determined based on the shortest value of default paging cycle, and UE specific paging cycle if configured.
- Outside CN PTW, PF and PO is determined based on eDRX cycle for RRC_INACTIVE.

3. Conclusion
Observation 1: PTW starting location is determined by UE_ID_H and the eDRX cycle used for PTW start location calculation. Different eDRX cycle will result in different PTW starting locations.
Observation 2: To use eDRX cycle for RRC_IDLE for determining common PTW starting location can avoid CN paging failure in case of RRC state mismatches between UE and network.
Observation 3: To use eDRX cycle for RRC_IDLE for determining common PTW starting location brings additional benefit in spreading RAN PTW of different UEs in the coincided PH.
Proposal 1: RAN2 to discuss whether to change the upper bound value of eDRX cycle for RRC_INACTIVE to 10.24s or several hyper frames.
Proposal 2: Following configuration combinations are allowed with restriction that if configured, eDRX cycle for RRC_INACTIVE is no longer than eDRX cycle for RRC_IDLE:
Case 1: eDRX for RRC_IDLE is no longer than 10.24s, eDRX for RRC_INACTIVE is not configured
Case 2: eDRX cycle for RRC_IDLE and RRC_INACTIVE are no longer than 10.24s.
Case 3: eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is not configured
Case 4: eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is shorter than 10.24s.
Case 5: both eDRX cycle for RRC_IDLE and RRC_INACTIVE are longer than 10.24s (depends on upper bound value of eDRX cycle for RRC_INACTIVE)
Proposal 3: In the coincide PH, to use eDRX cycle for RRC_IDLE for determining common starting location of CN PTW and RAN PTW.
Proposal 4: UE monitor for CN paging within CN PTW and monitor for RAN paging within RAN PTW. Within the overlapped part of CN PTW and RAN PTW, UE in RRC_INACTIVE monitor for both CN paging and RAN paging.
Proposal 5: In case eDRX cycle for RRC_IDLE is not longer than 10.24s and eDRX for RRC_INACTIVE is not configured, following rule is used:
- PF is determined based on the shortest value of eDRX cycle for RRC_IDLE and RAN paging cycle. PO is determined based on eDRX cycle for RRC_IDLE.
Proposal 6: In the case both eDRX cycle for RRC_IDLE and RRC_INACTIVE are shorter than 10.24s, following rule is used:
- PF is determined based on shortest value of eDRX cycle for RRC_IDLE and RRC_INACTIVE. PO is determined based on eDRX cycle for RRC_IDLE.
Proposal 7: In the case eDRX cycle for RRC_IDLE is longer than 10.24 s, and eDRX cycle for RRC_INACTIVE is not configured, following rule is used:
- Within CN PTW, PF is determined based on shortest value of RAN paging cycle, default paging cycle, and UE specific paging cycle if configured. PO is determined based on the shortest value of default paging cycle, and UE specific paging cycle if configured.
- Outside CN PTW, PF and PO is determined based on RAN paging cycle.
Proposal 8: In case eDRX cycle for RRC_IDLE is longer than 10.24s, eDRX cycle for RRC_INACTIVE is shorter than 10.24 s, following rule is used:
- Within CN PTW, PF is determined based on shortest value of eDRX cycle for RRC_INACTIVE, default paging cycle, and UE specific paging cycle if configured. PO is determined based on the shortest value of default paging cycle, and UE specific paging cycle if configured.
- Outside CN PTW, PF and PO is determined based on eDRX cycle for RRC_INACTIVE.
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