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1. Introduction
[bookmark: Proposal_Pattern_Length]The following was agreed during RAN2#113bis-e on the extended DRX enhancements for RedCap UEs:
1.	RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
2.	At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
3.	RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).
4.	eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
5.	RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.
6.	RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)
This document discusses remaining stage-2 open issues considering also the RAN2#113bis-e offline email discussion #101 [1][2]. 
1. Discussion
Configuration of eDRX (IDLE / INACTIVE)
PTW configuration (eDRX >10.24sec)
RAN2 needs to still conclude on whether the PTW configuration (or part of it) is set same or different for IDLE / INACTIVE. The following options had the larger support during offline #101 [1][2]: 
· option 1) [6/19] It is left up to network implementation any coordination on how to decide the PTW configurations for RRC_IDLE and for RRC_INACTIVE (i.e. PTW may be configured same or different); 
· option 2) [9/19] A common PTW configuration is provided for RRC_IDLE and for RRC_INACTIVE; 
· option 4) [7/19] PTW for RRC_IDLE overlaps with PTW for RRC_INACTIVE, and PTW length for RRC_IDLE can be same or larger than PTW length for RRC_INACTIVE (but not smaller)
Figure 1 provides an overview on how LTE eDRX works explaining in high level the relations between UE-specific PH, PTW (considering its start, end and ,length ), eDRX cycle (TeDRX), and DRX cycle (TDRX) which is the same as used during normal RRC_IDLE (i.e. not using the extended DRX operation). 


[bookmark: _Ref71407147]Figure 1. Overview of extended DRX operation
Moreover PTW depends on PH, PTW_start and PTW_end where PH and PTW_start are both calculated based on the eDRX cycle value, TeDRX,H, as shown in reference from TS 36.304 copied below.
“The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). PH, PTW_start and PTW_end are given by the following formulae:
The PH is the H-SFN satisfying the following equation:
H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where
-	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
[bookmark: _Hlk71408097]-	T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
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
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window length (in seconds) configured by upper layers”
RAN2 already agreed for NR eDRX, that the configurations of the eDRX cycle can be differently for IDLE / INACTIVE and that LTE eDRX mechanism was taken as baseline. Moreover it should be desirable to keep the way that UE’s configured with eDRX are spread by using T eDRX,H in the calculation of UE-specific PH and PTW start. However, if eDRX cycle lengths for IDLE and INACTIVE are different but the PTW uses common configuration (or part of it) as proposed by some companies for IDLE and INACTIVE, this may break that principle decided for LTE. Therefore, we suggest that RAN2 only considers option 1) and 4).
[bookmark: _Toc71411728][bookmark: _Toc71567419][bookmark: _Toc71567690][bookmark: _Toc71568467]If common LTE-based PTW config. (as proposed by some companies) but different TeDRX values are used for IDLE and INACTIVE, this may break the way that LTE eDRX mechanism spread the UE’s PTW which is calculated based on T eDRX,H (i.e. eDRX cycle of the UE in Hyper-frames) for the PH and PTW_start. Note that UE-specific PTW depends on PH, PTW_start and PTW_end.
On other hand, it was proposed during offline #101 [1][2] to consider changing the way that PTW is defined in NR vs LTE. As explained above LTE PTW is defined as fixed to multiples of 256 SFNs and it was suggested whether this should be fully configurable by the network. As explained above we do not see strong reason to change this unless there are issues found when using LTE eDRX unless concerns are found for NR operation. Moreover 5G-CN has already enabled LTE eDRX functionality (for E-UTRA connected to 5GC), therefore RAN2 should have technical concerns to request SA2/CT1 to define a different approach for NR
Proposal 1. [bookmark: _Toc71411732][bookmark: _Toc71567437][bookmark: _Toc71567694][bookmark: _Toc71568461]RAN2 confirms that LTE PTW definition is reused for NR. RAN2 can revisit this is issues are found with current definition for NR eDRX.
On other hand, Option 4) is a sub-set of option 1) or at most could be captured as a guidance/NOTE within RAN2 specification on the expected behaviour from network configuration point of view. However, we suggest generalizing option 4) to indicate that there should be some partial overlap to guarantee that a UE in INACTIVE could be paged by CN when required (understanding that this is a requirements set by INACTIVE feature).
[bookmark: _Ref71409328][bookmark: _Toc71411729][bookmark: _Toc71567420][bookmark: _Toc71567691][bookmark: _Toc71568468]If RAN2 TS provide some guidance, this can only indicate that PTW for eDRX in IDLE should partially overlaps with PTW for eDRX in INACTIVE to guarantee that a UE in INACTIVE could be paged by CN when required.
Proposal 2. [bookmark: _Ref71409330][bookmark: _Toc71411733][bookmark: _Toc71567438][bookmark: _Toc71567695][bookmark: _Toc71568462]To leave up to network implementation the decision on how to configure properly PTW for UEs in IDLE and PTW for UEs in INACTIVE. I.e. it is up to network how to configure PTW to guarantee that legacy requirements for a UE in RRC_INACTIVE are met (i.e. UE in RRC_INACTIVE can be paged via both RAN and CN).
Proposal 2.1. [bookmark: _Toc71411734][bookmark: _Toc71567439][bookmark: _Toc71567696][bookmark: _Toc71568463]To discuss whether to capture a guidance for the network configuration that PTW for UEs in IDLE should at least be partially overlap with the PTW for INACTIVE.

UE behaviour depending on eDRX value set for IDLE and INACTIVE
Some companies raised the concern during offline #101 [1][2] that the UE behavior based on the eDRX configuration combinations for IDLE and INACTIVE should be specified considering: 
1) eDRX only configured for IDLE, including both cases eDRX ≤ 10.24sec and eDRX >10.24sec
2) eDRX only configured for INACTIVE, including both cases eDRX ≤ 10.24sec and eDRX >10.24sec
3) eDRX configured both for inactive and idle,
3.a) both eDRX ≤ 10.24sec, 
3.b) one of the eDRX≤ 10.24sec and the other eDRX>10.24s, 
3.c) both of the eDRX>10.24s.
For eDRX of a UE in IDLE, there is no concern (as a UE in IDLE would not have any knowledge of a configuration related to INACTIVE as the UE AS Context is released upon entering IDLE).
[bookmark: _Toc71411730][bookmark: _Toc71567421][bookmark: _Toc71567692][bookmark: _Toc71568469]For eDRX of a UE in IDLE, no new/specific UE behaviour needs to be defined if eDRX in INACTIVE was previously configured as a UE releases the information of the UE AS Inactive Context upon entering IDLE.
For eDRX of a UE in INACTIVE, our understanding is that we can rely on network implementation as explained by previous Observation 2 and Proposal 2.
[bookmark: _Toc71411731][bookmark: _Toc71567422][bookmark: _Toc71567693][bookmark: _Toc71568470]For eDRX of a UE in INACTIVE, no new/specific UE behaviour needs to be defined if network guarantees providing proper configuration of the eDRX. I.e. PTW for UEs in IDLE should at least be partially overlap with the PTW for INACTIVE in order to meet the requirement defined for UEs in INACTIVE that should be able to be reached via both RAN-paging as well as CN-paging.

Paging mechanisrm for eDRX ≤ 10.24sec (IDLE / INACTIVE)
For LTE eDRX < 10.24sec, it is defined that a UE configured with eDRX < 10.24sec monitors, UE monitors that value instead of the shortest of the ones available in the UE, as shown in the following reference from TS 36.304:
“-	T: DRX cycle of the UE.
	Except for NB-IoT: If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.”
The difference for NR is that the upper boundary is set to 10.24sec instead than 5.12sec (for LTE) for the eDRX cycle values that do not need to use the new eDRX mechanism based on PH/PTW. 
The following options were considered during offline #101 [1][2] on this topic:
· option 1) [8/19] UE only monitors UE-specific paging eDRX applicable to the corresponding RRC state (instead of the smallest of the configured ones). i.e. a UE in RRC_INACTIVE monitors eDRX cycle configured for RRC_INACTIVE, and a UE in RRC_IDLE monitors eDRX cycle configured for RRC_ IDLE, and
· option 2) [8/19] the UE in RRC ACTIVE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle
In our understanding, there is no reason to change the way this scenario is handle for LTE eDRX <10.24 sec. Moreover option 2) seems a not essential optimization if similar assumption as explained in previous proposal 2 applies here, i.e. gNB provides the RAN configuration that guarantees that a UE in RRC_INACTIVE can be also paged by CN (based on CN related configuration).
Proposal 3. [bookmark: _Toc71411735][bookmark: _Toc71567440][bookmark: _Toc71567697][bookmark: _Toc71568464]UE in IDLE or INACTIVE configured with eDRX cycle of 5.12sec or 10.24sec set their T equal to 512 or 1024 correspondingly. I.e., UE only monitors UE-specific paging eDRX applicable to the corresponding RRC state (instead of the smallest of the configured ones).
Proposal 3.1. [bookmark: _Toc71567441][bookmark: _Toc71567698][bookmark: _Toc71568465]It is up to network how to configure eDRX cycle value ≤ 10.24sec to guarantee that legacy requirements for a UE in RRC_INACTIVE are met (i.e. UE in RRC_INACTIVE can be paged via both RAN and CN).

Minimum DRX value considered part of eDRX framework
Companies views seems decided on whether to allow or not 2.56sec as a minimum value during offline #101 [1][2]. In our understanding, there might be normal category of UEs used for services that do not require prompted response (e.g. on wearables) that may benefit of using 2.56sec from power saving point of views. However default DRX cycle is usually set by the network to accommodate any kind of UE and therefore it is unlikely that network would set this to 2.56sec. Therefore, we are ok on considering 2.56sec as the minimum eDRX value possible if it can be enabled with the same behaviour as other eDRX cycles ≤ 10.24sec with none or minimal additional specification impact. 
Proposal 4. [bookmark: _Toc71411736][bookmark: _Toc71567442][bookmark: _Toc71567699][bookmark: _Toc71568466]The DRX value of 2.56 sec can be defined as one of the possible Extended DRX cycles for UEs in RRC_IDLE / RRC_INACTIVE if TS impact is minimal (i.e. following the same operation defined for any eDRX ≤ 10.24sec).



1. Conclusion
The observations captured are the following:
Observation 1.	If common LTE-based PTW config. (as proposed by some companies) but different TeDRX values are used for IDLE and INACTIVE, this may break the way that LTE eDRX mechanism spread the UE’s PTW which is calculated based on T eDRX,H (i.e. eDRX cycle of the UE in Hyper-frames) for the PH and PTW_start. Note that UE-specific PTW depends on PH, PTW_start and PTW_end.
Observation 2.	If RAN2 TS provide some guidance, this can only indicate that PTW for eDRX in IDLE should partially overlaps with PTW for eDRX in INACTIVE to guarantee that a UE in INACTIVE could be paged by CN when required.
Observation 3.	For eDRX of a UE in IDLE, no new/specific UE behaviour needs to be defined if eDRX in INACTIVE was previously configured as a UE releases the information of the UE AS Inactive Context upon entering IDLE.
Observation 4.	For eDRX of a UE in INACTIVE, no new/specific UE behaviour needs to be defined if network guarantees providing proper configuration of the eDRX. I.e. PTW for UEs in IDLE should at least be partially overlap with the PTW for INACTIVE in order to meet the requirement defined for UEs in INACTIVE that should be able to be reached via both RAN-paging as well as CN-paging.
The proposals captured are the following:
Proposal 1.	RAN2 confirms that LTE PTW definition is reused for NR. RAN2 can revisit this is issues are found with current definition for NR eDRX.
Proposal 2.	To leave up to network implementation the decision on how to configure properly PTW for UEs in IDLE and PTW for UEs in INACTIVE. I.e. it is up to network how to configure PTW to guarantee that legacy requirements for a UE in RRC_INACTIVE are met (i.e. UE in RRC_INACTIVE can be paged via both RAN and CN).
Proposal 2.1.	To discuss whether to capture a guidance for the network configuration that PTW for UEs in IDLE should at least be partially overlap with the PTW for INACTIVE.
Proposal 3.	UE in IDLE or INACTIVE configured with eDRX cycle of 5.12sec or 10.24sec set their T equal to 512 or 1024 correspondingly. I.e., UE only monitors UE-specific paging eDRX applicable to the corresponding RRC state (instead of the smallest of the configured ones).
Proposal 3.1.	It is up to network how to configure eDRX cycle value ≤ 10.24sec to guarantee that legacy requirements for a UE in RRC_INACTIVE are met (i.e. UE in RRC_INACTIVE can be paged via both RAN and CN).
Proposal 4.	The DRX value of 2.56 sec can be defined as one of the possible Extended DRX cycles for UEs in RRC_IDLE / RRC_INACTIVE if TS impact is minimal (i.e. following the same operation defined for any eDRX ≤ 10.24sec).
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