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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses additional RAN2 impacts to support extended DRX (eDRX) in RRC_INACTIVE above 10.24 sec considering latest RAN2#121 agreements and open topics left.
1. Discussion
UE capabilities for eDRX > 10.24sec in RRC_INACTIVE
RAN2 agreements related to UE’s capability of eDRX > 10.24sec in RRC_INACTIVE:
RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
A new UE capability is required for Rel-18 UE supporting RRC_INACTIVE configured with eDRX > 10.24sec to know when it can provide the corresponding configuration. A new optional and per UE capability should then be defined for eDRX in RRC_INACTIVE > 10.24sec similarly as it was done for Rel-17 INACTIVE eDRX ≤ 10.24sec,  (i.e., extendedDRX-CycleInactive-r17). 
RAN2 left an FFS on whether there is any dependency required with Rel-17 eDRX. On this regard, it is important to keep in mind that a UE supporting Rel-17 INACTIVE eDRX requires to also support Rel-17 IDLE eDRX as captured in TS 38.306:
[bookmark: _Hlk130988115]extendedDRX-CycleInactive-r17 à Indicates whether UE supports the extended DRX in RRC_INACTIVE with values of 256, 512 and 1024 radio frames as specified in TS 38.331 [9]. The UE may indicate support for extended DRX in RRC_INACTIVE only if it supports extended DRX in RRC_IDLE.
This behavior was agreed to guarantee UE’s reachability if there were any issue in the network and CN-initiated paging were used (instead of RAN-initiated paging). In our understanding, similar behaviour seems required now. One point to keep in mind is that Rel-17 IDLE eDRX feature refers to UE’s support of IDLE eDRX above and below 10.24 sec. On other hand, there is no motivation to have any dependency between Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec.
[bookmark: _Toc131025438][bookmark: _Toc131712563][bookmark: _Toc131712576]No dependency for support required between Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec.
Proposal 1. [bookmark: _Toc126848885][bookmark: _Toc126913050][bookmark: _Toc127174028][bookmark: _Toc127196802][bookmark: _Toc127370950][bookmark: _Toc127432730][bookmark: _Toc127454487][bookmark: _Toc127465489][bookmark: _Toc127465684][bookmark: _Toc131025424][bookmark: _Toc131685976][bookmark: _Ref131712239][bookmark: _Toc131712548][bookmark: _Toc131712579]A new optional capability with signaling and per UE is defined for Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec. A Rel-18 UE may indicate support for extended DRX in RRC_INACTIVE > 10.24sec only if it supports extended DRX in RRC_IDLE.



Configuration of eDRX > 10.24sec in RRC_INACTIVE
RAN2 agreement related to the configuration of eDRX > 10.24sec in RRC_INACTIVE:
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
Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message
Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
RAN2 defined as invalid scenarios when Rel-17 INACTIVE eDRX cycle is configured and Rel-17 IDLE eDRX cycle is not configured or is configured with a smaller value than for Rel-17 INACTIVE eDRX cycle (corresponding RAN2#115e agreement copied below).
[bookmark: _Hlk130990153]RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. 
[bookmark: _Hlk130989705]RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle.
On top of previous proposal on the support pre-requirement, it seems reasonable to also clarify that Rel-17 agreement on which cases is considered invalid similar agreement. 
Proposal 2. [bookmark: _Toc131685977][bookmark: _Toc131685978][bookmark: _Toc131685979][bookmark: _Toc131712549][bookmark: _Toc131712580][bookmark: _Toc131025426]For Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec, Rel-17 eDRX agreements of the invalid cases are also applicable for Rel-18 INACTIVE eDRX > 10.24 sec, i.e.: 
Proposal 2.1. [bookmark: _Toc131685980][bookmark: _Toc131712550][bookmark: _Toc131712581]“RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured”.
Proposal 2.2. [bookmark: _Toc131685981][bookmark: _Toc131712551][bookmark: _Toc131712582]“RAN2 considers the configuration as invalid case when INACTIVE eDRX cycle is longer than IDLE eDRX cycle”. 
RAN2 captured an open point on whether any fallback behaviour should be enabled when the cell does not allow the usage of Rel-18 eDRX > 10.24sec in RRC_INACTIVE.
FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
Firstly, it should be discussed whether a UE can be configured at the same time with both Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec. From signaling point of view, it does not seem essential to preclude this behaviour although UE corresponding behaviour should clearly specify. From deployment point of view, companies explained that it is possible that Rel-18 INACTIVE eDRX > 10.24 sec is only supported on specific cells (considering network impacts, e.g., longer buffering requirements) and therefore, RAN2 agreed to enable an indication in SIB1 to allow or not the usage of the Rel-18 INACTIVE eDRX > 10.24 sec similarly as it was done in Rel-17. 
eDRX-AllowedInactive-r17 à  The presence of this field indicates that extended DRX for RAN paging is allowed in the cell for UEs in RRC_INACTIVE. The UE shall stop using extended DRX for RAN paging in RRC_INACTIVE if eDRX-AllowedInactive is not present.
Considering above explanation, the following table summarizes possible scenarios that a UE might encounter when configured with Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec at the same time:
	Scenario
	R17 INACTIVE eDRX ≤ 10.24s
	R18 INACTIVE eDRX > 10.24s
	eDRX is used by UE (when UE is configured with INACTIVE eDRX ≤ 10.24 s & > 10.24s)

	(A)
	Allowed
	Allowed
	Rel-18 INACTIVE eDRX > 10.24 sec

	(B)
	Not allowed
	Allowed
	Rel-18 INACTIVE eDRX > 10.24 sec

	(C)
	Allowed
	Not allowed
	Rel-17 INACTIVE eDRX > 10.24 sec


On conclusion, UE always uses the longest configured eDRX when configured and allowed by the network. Moreover RAN2 would also need to update accordingly the definition captured on TS 38.304 section 7.4 that explains how a UE is considered to “operate in eDRX”, for example as follows:
“The UE operates in eDRX for CN paging in RRC_IDLE or RRC_INACTIVE states if the UE is configured for eDRX by upper layers and eDRX-AllowedIdle is signalled in SIB1. For eDRX cycle no greater than 10.24 sec, the UE operates in eDRX for RAN paging in RRC_INACTIVE state if the UE is configured for eDRX by RAN and eDRX-AllowedInactive is signalled in SIB1. For eDRX cycle greater than 10.24 sec, the UE operates in eDRX for RAN paging in RRC_INACTIVE state if the UE is configured for eDRX by RAN and eDRX-AllowedInactiveAbove1024 is signalled in SIB1.”
Above behaviors can be summarized as followed for discussion:
Proposal 3. [bookmark: _Ref130996277][bookmark: _Toc131025427][bookmark: _Toc131685982][bookmark: _Toc131712552][bookmark: _Toc131712583]UE can be configured at the same time with Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec. If so, UE always uses the longest configured eDRX configured and allowed by the network.  
Proposal 3.1. [bookmark: _Toc131025428][bookmark: _Toc131685983][bookmark: _Toc131712553][bookmark: _Toc131712584]For further clarification, Proposal 3 means:
Proposal 3.1.1. [bookmark: _Toc131025429][bookmark: _Toc131685984][bookmark: _Toc131712554][bookmark: _Toc131712585]When UE is configured Rel-18 INACTIVE eDRX > 10.24 sec and cell allows its usage, UE uses it (i.e. UE does not use Rel-17 INACTIVE eDRX ≤ 10.24 sec even if it is configured and allowed in the cell) – scenarios (A) & (B).
Proposal 3.1.2. [bookmark: _Toc131025430][bookmark: _Toc131685985][bookmark: _Toc131712555][bookmark: _Toc131712586]When UE is configured Rel-18 INACTIVE eDRX > 10.24 sec and cell does not allow its usage, UE uses use Rel-17 INACTIVE eDRX ≤ 10.24 sec if it was configured and is allowed by the network – scenario (C).
Proposal 3.2. [bookmark: _Toc131025431][bookmark: _Toc131685986][bookmark: _Toc131712556][bookmark: _Toc131712587]To update what means “UE operates in eDRX” in TS 38.304 considering Rel-18 INACTIVE eDRX 10.24 sec agreed behaviour (e.g. as shown in above TP)


Paging for UE in RRC_INACTIVE with eDRX > 10.24sec 
RAN2 agreement related to the configuration of eDRX > 10.24sec in RRC_INACTIVE:
The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
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.
Firstly, we suggest discussing how UE determines its DRX cycle (T) under the assumption that UE would need to consider its behaviour associated to both RAN PTW and CN PTW.  For this discussion, it is assumed that CN PTW and RAN PTW may or may not be overlapping understanding that any case is valid as RAN2 agreed that at least PTW length could different between RAN PTW and CN PTW. On other hand, there is no need to discuss the cases in which CN eDRX cycle is not configured or is smaller than 10.24 sec as these scenarios are considered invalid in alignment to Rel-17 eDRX operation as captured in Proposal 1 for confirmation.  
The following table summarizes how T is calculated depending on whether UE is monitoring paging inside or outside of CN PTW and/or RAN PTW. It is highlighted with different colors how Rel-18 INACTIVE eDRX behaviour is aligned with the corresponding behaviour defined for Rel-17 eDRX.
	
	TeDRX, CN
	TeDRX,
RAN
	T  to monitor paging
within CN PTW
	T  to monitor paging
outside CN PTW

	UE in
RRC_IDLE
	[bookmark: _Hlk131018969]≤ 10.24
	None/ any value
	TeDRX, CN   [NOTE-1]

	
	> 10.24
	any value
	Shortest of UE specific DRX (if configured by upper layer) and default DRX cycle broadcast in SI
	No monitoring

	UE in
RRC_INACTIVE
	≤ 10.24
	none
	Shortest of UE specific DRX (if configured by RRC) and TeDRX, CN   [NOTE-1]

	
	≤ 10.24
	≤
10.24 s
	Shortest of TeDRX, RAN and TeDRX, CN       [NOTE-1]

	
	> 10.24
	None
	Shortest of UE specific DRX(s) (if configured by RRC and/or upper layers), and default DRX cycle (broadcast in SI)
	UE specific DRX configured by RRC

	
	> 10.24
	≤
10.24
	Shortest of UE specific DRX (if configured by upper layer), TeDRX, RAN and default DRX cycle (broadcast in SI)     
	TeDRX, RAN

	
	> 10.24
	> 
10.24
	Shortest of UE specific DRX (if configured by RRC and/or upper layers) and default DRX cycle (broadcasted in SI)   [NOTE-2]
	- Inside RAN PTW only, UE specific DRX configured by RRC
- Outside any PTW (including both RAN PTW and CN PTW),  no monitoring


[NOTE-1] PTW concept does not applies (such as, for IDLE eDRX ≤ 1024s)
[NOTE-2] Behaviour applicable when both RAN PTW and CN PTW happens at the same time, as well as, when CN PTW only occurs (w/o RAN PTW) 
On conclusion, the following summarizes the expected monitoring behaviour:
Proposal 4. [bookmark: _Toc131025432][bookmark: _Toc131685987][bookmark: _Toc131712557][bookmark: _Toc131712588]If TeDRX, CN > 10.24 s and TeDRX, RAN > 10.24 s, UE paging monitoring behaviour is as follow: 
Proposal 4.1. [bookmark: _Toc131025433][bookmark: _Toc131685988][bookmark: _Toc131712558][bookmark: _Toc131712589]During CN configured PTW, T is determined by T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. [Note this behaviour applies independent of RAN configured PTW i.e. inside or outside RAN configured PTW]
Proposal 4.2. [bookmark: _Toc131025434][bookmark: _Toc131685989][bookmark: _Toc131712559][bookmark: _Toc131712590]During RAN configured PTW while outside the CN configured PTW, T is determined by UE specific DRX value configured by RRC.
Proposal 4.3. [bookmark: _Toc131025435][bookmark: _Toc131685990][bookmark: _Toc131712560][bookmark: _Toc131712591]Outside RAN configured PTW and CN configured PTW, UE is not required to monitor paging.
RAN2 needs to discuss how PH and PTW are calculated. For Rel-17 eDRX, PH and PTW_start calculations are based on CN configured eDRX, TeDRX_CN. This behaviour is used by a UE with Rel-17 INACTIVE eDRX, as well as with Rel-17 IDLE.
The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN= (UE_ID_H mod TeDRX_CN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) 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 = 128 * ieDRX_CN, where
-	ieDRX_CN = floor(UE_ID_H /TeDRX_CN) mod 8
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 (PTW) length (in seconds) configured by upper layers
As previously explained, RAN2 already agreed that the length of RAN PTW (i.e., RAN configured PTW) could be different than the length of CN PTW (i.e., CN configured PTW), leaving final decision up to RAN. The open questions are the PH and the PTW_start to be used for Rel-18 INACTIVE eDRX  >  1024sec. The following options seem feasible:
	Option
	PH
	PTW_start
	Implications

	(1)
	TeDRX_RAN
	TeDRX_RAN
	RAN PTW and CN PTW could be in completely different This is not preferable for UE’s power saving

	(2)
	TeDRX_CN
	TeDRX_CN
	RAN PTW and CN PTW always overlap This is preferable for UE’s power saving but does not take into consideration TeDRX_RAN when distributing RAN PTW which might not be preferable from paging load point of view

	(3)
	TeDRX_CN
	TeDRX_RAN
	PH is same for RAN PTW and CN PTW but the PTW_start can be different This is a compromise between options (1) & (2)

	(4)
	Combination (e.g. the shortest) of TeDRX_CN   and TeDRX_RAN
	Combination (e.g. the shortest) of TeDRX_CN   and TeDRX_RAN
	It might not be essential as current proposed behaviour is TeDRX_RAN ≤ TeDRX_CN   


Extended DRX feature is enabled to reduce UE’s power consumption, and the motivation for a UE in RRC_INACTIVE to monitor CN paging (i.e. TeDRX_CN) is to guarantee its CN reachability in case network has to move autonomously the UE to RRC_IDLE (which should not be normal scenario that would happen frequently) Therefore it is preferable to enable a solution that provides the most reduction on UE’s power consumption. This seems to be option (2). Moreover, even though TeDRX_CN is used to calculate RAN PTW and CN PTW, this should be ok understanding that TeDRX_RAN ≤ TeDRX_CN ; if companies have concern on the paging load/distribution, option (3) could also be considered.
Proposal 5. [bookmark: _Toc126848883][bookmark: _Toc126913048][bookmark: _Toc127174026][bookmark: _Toc127196800][bookmark: _Toc127370948][bookmark: _Toc127432728][bookmark: _Toc127454485][bookmark: _Toc127465487][bookmark: _Toc127465682][bookmark: _Toc131025436][bookmark: _Toc131685991][bookmark: _Toc131712561][bookmark: _Toc131712592]For Rel-18 INACTIVE eDRX > 10.24 sec, PH and PWT_start are determined using TeDRX_CN. If this is not acceptable, to consider PH is determined using TeDRX_CN and PWT_start using TeDRX_RAN
Lastly RAN2 would need to discuss how i_s is determined; however it might be better to wait until the overall paging operation is further progressed. For reference, related rel-17 eDRX behaviour is copied below:
In RRC_INACTIVE state, if used eDRX value configured by upper layers is no longer than 1024 radio frames, the UE shall use the same i_s as for RRC_IDLE state.
In RRC_INACTIVE state, if used eDRX value configured by upper layers is longer than 1024 radio frames, during CN PTW, the UE shall use the same i_s as for RRC_IDLE state.
[bookmark: _Toc126848887][bookmark: _Toc127174015][bookmark: _Toc127196789][bookmark: _Toc127370932][bookmark: _Toc127454476][bookmark: _Toc127465478][bookmark: _Toc127465673][bookmark: _Toc130987121][bookmark: _Toc131025439][bookmark: _Toc131712564][bookmark: _Toc131712577]After further progress on how paging mechanism is updated to support INACTIVE eDRX above 10.24 sec, RAN2 would need to discuss which i_s is used.

SI notification for a UE in RRC_INACTIVE with eDRX > 10.24sec
In Rel-17, a new indication is defined in the Short Message to indicate of a BCCH modification other than SIB6, SIB7 and SIB8 (systemInfoModification-eDRX). Its definition explains that this indication applies only to UEs using eDRX cycle longer than the BCCH. Therefore, current definition is already equally applicable for this new feature. It is important to understand that this was already accounting for UEs in RRC_IDLE that may also be configured with eDRX >10.24sec. In summary, it can be reused with no major specification change. The procedural text on 38.331 would need to also allow UEs in RRC_INACTIVE to also receive this indication:
1>	if the UE is configured with an RRC_INACTIVE or RRC_IDLE eDRX cycle longer than the modification period and the systemInfoModification-eDRX bit of Short Message is set:
2>	apply the SI acquisition procedure as defined in clause 5.2.2.3 from the start of the next eDRX acquisition period boundary.
In addition, eDRX modification period behaviour defined for Rel-17 could be considered applicable now.
Proposal 6. [bookmark: _Toc127432729][bookmark: _Toc127454486][bookmark: _Toc127465488][bookmark: _Toc127465683][bookmark: _Toc131025437][bookmark: _Toc131685992][bookmark: _Toc131712562][bookmark: _Toc131712593][bookmark: _Toc126848884][bookmark: _Toc126913049][bookmark: _Toc127174027][bookmark: _Toc127196801][bookmark: _Toc127370949]Legacy systemInfoModification-eDRX indication in Short message and eDRX modification period/boundaries are also applicable for Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec. 


1. [bookmark: _Toc465993148][bookmark: _Toc465993084]Conclusion
The observations captured are the following:
Observation 1.	No dependency for support required between Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec.
Observation 2.	After further progress on how paging mechanism is updated to support INACTIVE eDRX above 10.24 sec, RAN2 would need to discuss which i_s is used.
The proposals captured are the following:
UE capabilities for eDRX > 10.24sec in RRC_INACTIVE
Proposal 1.	A new optional capability with signaling and per UE is defined for Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec. A Rel-18 UE may indicate support for extended DRX in RRC_INACTIVE > 10.24sec only if it supports extended DRX in RRC_IDLE.
Configuration of eDRX > 10.24sec in RRC_INACTIVE
Proposal 2.	For Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec, Rel-17 eDRX agreements of the invalid cases are also applicable for Rel-18 INACTIVE eDRX > 10.24 sec, i.e.:
Proposal 2.1.	“RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured”.
Proposal 2.2.	“RAN2 considers the configuration as invalid case when INACTIVE eDRX cycle is longer than IDLE eDRX cycle”.
Proposal 3.	UE can be configured at the same time with Rel-17 INACTIVE eDRX ≤ 10.24 sec and Rel-18 INACTIVE eDRX > 10.24 sec. If so, UE always uses the longest configured eDRX configured and allowed by the network.
Proposal 3.1.	For further clarification, Proposal 3 means:
Proposal 3.1.1.	When UE is configured Rel-18 INACTIVE eDRX > 10.24 sec and cell allows its usage, UE uses it (i.e. UE does not use Rel-17 INACTIVE eDRX ≤ 10.24 sec even if it is configured and allowed in the cell) – scenarios (A) & (B).
Proposal 3.1.2.	When UE is configured Rel-18 INACTIVE eDRX > 10.24 sec and cell does not allow its usage, UE uses use Rel-17 INACTIVE eDRX ≤ 10.24 sec if it was configured and is allowed by the network – scenario (C).
Proposal 3.2.	To update what means “UE operates in eDRX” in TS 38.304 considering Rel-18 INACTIVE eDRX 10.24 sec agreed behaviour (e.g. as shown in above TP)
Paging for UE in RRC_INACTIVE with eDRX > 10.24sec
Proposal 4.	If TeDRX, CN > 10.24 s and TeDRX, RAN > 10.24 s, UE paging monitoring behaviour is as follow:
Proposal 4.1.	During CN configured PTW, T is determined by T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. [Note this behaviour applies independent of RAN configured PTW i.e. inside or outside RAN configured PTW]
Proposal 4.2.	During RAN configured PTW while outside the CN configured PTW, T is determined by UE specific DRX value configured by RRC.
Proposal 4.3.	Outside RAN configured PTW and CN configured PTW, UE is not required to monitor paging.
Proposal 5.	For Rel-18 INACTIVE eDRX > 10.24 sec, PH and PWT_start are determined using TeDRX_CN. If this is not acceptable, to consider PH is determined using TeDRX_CN and PWT_start using TeDRX_RAN
SI notification for a UE in RRC_INACTIVE with eDRX > 10.24sec
Proposal 6.	Legacy systemInfoModification-eDRX indication in Short message and eDRX modification period/boundaries are also applicable for Rel-18 UEs in RRC_INACTIVE configured with eDRX > 10.24sec.

