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1	Introduction
RAN2 is continuing the work on the support of reduced capability (RedCap) NR devices WI (RP-223544). The WID has the following objectives on enhancement of extended DRX: 
	· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement.



Discussion on eDRX enhancements was continued in RAN2#121bis_online and the following were agreed:
	· Introduce an optional UE capability with signalling for Rel-18 enhanced eDRX in RRC_INACTIVE.
· UE can support Rel-18 enhanced eDRX, only if it supports Rel-17 RRC_IDLE eDRX. TBD if it must also support Rel-17 RRC_INACTIVE eDRX.
· A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedIdle is configured. TBD if it must also configure Rel-17 RRC_INACTIVE eDRX. 
· UEs configured with Rel-18 enhanced INACTIVE eDRX should apply Rel-18 enhanced INACTIVE eDRX if Rel-18 enhanced INACTIVE eDRX is allowed in the serving cell, regardless of whether Rel-17 INACTIVE eDRX is allowed in the serving cell.
· UEs configured with Rel-18 enhanced INACTIVE eDRX should apply INACTIVE DRX if both Rel-18 enhanced INACTIVE eDRX and Rel-17 INACTIVE eDRX are not allowed in the serving cell.
· Working assumption (pending specification complexity and NW complexity evaluation): 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.
· Introduce a new IE for INACTIVE eDRX to include the eDRX cycle values larger than 10.24s.
· Following cases are invalid: 
· Case 1: UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle but not configured with the IDLE eDRX cycle.
· Case 2: UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle longer than the IDLE eDRX cycle.
· 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}.
· Legacy systemInfoModification-eDRX indication in Short message and eDRX modification boundaries are also applicable for Rel-18 UEs configured with INACTIVE eDRX > 10.24sec, and in this case, the CN eDRX cycle is used to compare with the modification period.



In this contribution, we discuss enhancements of eDRX functionality with respect to the Rel-18 eDRX cycles in RRC_INACTIVE.
2	Configuration for extended eDRX cycles
In Rel-17, eDRX cycle up to 10.24 s for RRC_INACTIVE and up to 10485.76 s for RRC_IDLE was specified. The eDRX cycle for RRC_INACTIVE is extended in Rel-18 that include cycles greater than 10.24 s and up to 10485.76 s allowing a UE to configure longer eDRX cycles. For a Rel-18 UE, it is more consistent from the deployment and UE capability point of view that it supports both the Rel-17 IDLE and INACTIVE eDRX cycles. 

[bookmark: _Toc134784929]A Rel-18 UE is configured with extended eDRX cycles in RRC_INACTIVE, only if it supports eDRX cycles in RRC_IDLE and RRC_INACTIVE specified in Rel-17.
If Proposal 1 above is agreed, a UE that supports extended eDRX cycles in RRC_INACTIVE supports eDRX cycles in RRC_IDLE and RRC_INACTIVE which was specified in Rel-17. From network perspective, the questions is whether it would make sense to have a similar restriction in Rel-18 i.e., a Rel-18 gNB that supports extended eDRX cycles in RRC_INACTIVE must support eDRX cycles in RRC_INACTIVE which was specified in Rel-17. One aspect to consider is the buffering of MT data, which will be handled differently in Rel-17 and Rel-18. A gNB which indicates support for both Rel-17 and Rel-18 eDRX cycles in a serving cell implies that CN may handle data buffering for UEs configured with eDRX cycles longer than 10.24 s and RAN will handle data buffering for UEs configured with eDRX cycles equal to or smaller than 10.24 sec. Furthermore, based on the following agreement from RAN2#121bis-e

“UEs configured with Rel-18 enhanced INACTIVE eDRX should apply Rel-18 enhanced INACTIVE eDRX if Rel-18 enhanced INACTIVE eDRX is allowed in the serving cell, regardless of whether Rel-17 INACTIVE eDRX is allowed in the serving cell.”
one can observe that 

[bookmark: _Toc134784922]It is possible for a gNB to allow extended eDRX cycles in RRC_INACTIVE regardless of whether it allows eDRX cycles in RRC_INACTIVE as specified in Rel-17. 
The proposal above is also relevant from the fallback scenario, in which case RAN2 has agreed to a working assumption (pending specification complexity and NW complexity evaluation) during RAN2#121bis_online: 

“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.”
Based on the above agreement, when a Rel-18 UE is configured with extended eDRX in RRC_INACTIVE and it moves from a cell where Rel-18 feature is allowed to another cell where Rel-17 feature is allowed UE can utilize the Rel-17 configuration if Rel-18 feature is not allowed. In cases, where UE does not support the Rel-17 feature the UE can fallback to use the normal DRX as per the following agreement.
“UEs configured with Rel-18 enhanced INACTIVE eDRX should apply INACTIVE DRX if both Rel-18 enhanced INACTIVE eDRX and Rel-17 INACTIVE eDRX are not allowed in the serving cell.”
Another thing that needs to be discussed in the current meeting is the PTW length configuration for RAN paging. Using the PTW is beneficial from the synchronization perspective i.e., a UE should not miss the PO. The current configuration of PTW allows RAN and CN to configure lengths up to 40.96 s. Now the question is whether RAN PTW should be allowed to be longer than the CN PTW or it should remain up to the length of CN PTW. Even though we expect that the length of a RAN PTW is typically configured with a value equal to or less than the length of  the CN PTW, it would be good to have the flexibility to configure the RAN PTW with larger values considering the variation of deployments. 
  
[bookmark: _Toc134784930]The length of RAN PTW can be longer than the CN PTW length.

3	PF, PTW configurations for RAN and CN PTW
The UE may use enhanced Extended Discontinuous Reception (eDRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per eDRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. 
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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
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE.
If the UE does not operate in eDRX as defined in clause 7.4:
-	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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied.
In RRC_IDLE state, if the UE operates in eDRX and eDRX is configured by upper layers, i.e., TeDRX, CN, according to clause 7.4:
-	If TeDRX, CN is no longer than 1024 radio frames:
-	T = TeDRX, CN;
-	else:
-	During CN configured PTW, T is determined by the shortest of UE specific DRX value, if configured by upper layers, and the default DRX value broadcast in system information.
In RRC_INACTIVE state, if the UE operates in eDRX and eDRX is configured by RRC, i.e., TeDRX, RAN , and/or upper layers, i.e., TeDRX, CN, as defined in clause 7.4:
-	If TeDRX, CN is no longer than 1024 radio frames and no TeDRX, RAN is configured or used, 
-	T = min{UE specific DRX value configured by RRC, TeDRX, CN}.
-	If both TeDRX, CN and TeDRX, RAN are no longer than 1024 radio frames, 
-	T = min{TeDRX, RAN, TeDRX, CN}.
-	If TeDRX, CN is longer than 1024 radio frames:
-	If TeDRX, RAN is not configured or used:
-	During CN configured PTW, 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. Outside the CN configured PTW, T is determined by the UE specific DRX value configured by RRC;
-	else if used TeDRX, RAN is no longer than 1024 radio frames:
[bookmark: _Hlk134631787]-	During CN configured PTW, T is determined by the shortest of the UE specific DRX value, if configured by upper layers and TeDRX, RAN, and a default DRX value broadcast in system information. Outside the CN configured PTW, T is determined by TeDRX, RAN.
-	else if used TeDRX, RAN is longer than 1024 radio frames:
[bookmark: _Hlk134631648]-	In an overlapped or non-overlapped PH during RAN configured PTW and outside the CN configured PTW, T is determined by T = TeDRX, RAN
-	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}.
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID:
If the UE operates in eDRX as specified in clause 7.4:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024
Furthermore, a 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 and 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. If the UE operates in eDRX with an eDRX cycle no longer than 1024 radio frames, it monitors POs as with configured eDRX cycle. Otherwise, a UE operating in eDRX monitors POs during a periodic Paging Time Window (PTW) configured for the UE. 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 formula:
The PH for CN or RAN paging is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN/RAN = (UE_ID_H mod TeDRX_CN/RAN), 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.
-	TeDRX_RAN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_RAN = 8, …, 1024 Hyper-frames) configured by RRC ().

PTW_start denotes the first radio frame of the PH that is part of the CN PTW or the RAN 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 CN PTW or RAN 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 or RRC
Hashed ID is defined as follows:
Hashed_ID is Frame Check Sequence (FCS) for the bits b31, b30…, b0 of 5G-S-TMSI.
5G-S-TMSI = <b47, b46, …, b0> as defined in TS 23.003 [23].
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of Y1 and Y2, where
-	Y1 is the remainder of xk (x31 + x30 + x29 + x28 + x27 + x26 + x25 + x24 + x23 + x22 + x21 + x20 + x19 + x18 + x17 + x16 + x15 + x14 + x13 + x12 + x11 + x10 + x9 + x8 + x7 + x6 + x5 + x4 + x3 + x2 + x1 + 1) divided (modulo 2) by the generator polynomial x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1, where k is 32; and
-	Y2 is the remainder of Y3 divided (modulo 2) by the generator polynomial x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1, where Y3 is the product of x32 by "b31, b30…, b0 of S-TMSI or 5G-S-TMSI", i.e., Y3 is the generator polynomial x32 (b31*x31 + b30*x30 + … + b0*1).
NOTE:	The Y1 is 0xC704DD7B for any 5G-S-TMSI value. An example of hashed ID calculation is in Annex A.

With the above configurations the CN and RAN can have different eDRX cycle (TeDRX_CN/RAN) and the corresponding PTWs can occur in different or same hyper frame. Another aspect left to discuss is the configurations provided from the RAN to CN. 

4	Parameters from RAN to AMF
It has been agreed earlier that RAN provides the INACTIVE eDRX cycle to CN for handling MT data. 

[bookmark: _Toc131516921]5.31.7.2.4	Paging for extended DRX for RRC_INACTIVE in NR connected to 5GC
For NR, the NG-RAN may request the CN to handle mobile terminated (MT) communication for the UE configured with eDRX for RRC_INACTIVE state by means of the Connection Inactive procedure with CN based MT communication handling Procedure (see clause 4.8.1.1a of TS 23.502 [3]). This allows the CN to apply high latency communication functions as specified in clause 5.31.8. The NG-RAN provides the eDRX cycle value for RRC_INACTIVE to AMF (i.e. >10.24s). Based on the request from NG-RAN, the AMF responds to NG-RAN and informs other NFs (e.g. SMF and UPF) involved in downlink data or signalling handling and trigger the data buffering as specified in clause 4.8.1.1a of TS 23.502 [3].
When MT data or signalling arrives for a UE in RRC_INACTIVE state, the other NFs communicate with the AMF for delivery of MT data or signalling. The AMF calculates the UE reachability based on the eDRX cycle value for RRC_INACTIVE state provided by NG-RAN and triggers NG-RAN paging via an N2 message if the UE is considered reachable as specified in clause 4.8.2.2b of TS 23.502 [3], otherwise the AMF informs other NFs applying high latency communication functions as specified in clause 5.31.8 based on eDRX cycle for RRC_INACTIVE (e.g. an Estimated Maximum Wait Time is calculated based on eDRX cycle value for RRC_INACTIVE).
When the UE enters RRC_CONNECTED state if the NG-RAN had sent the indication for the CN to handle mobile terminated (MT) communication, NG-RAN informs the AMF that the UE is now in RRC_CONNECTED state as specified in clause 4.8.2.2 of TS 23.502 [3]. The AMF then informs other NFs that the UE is now reachable using the high latency communication functions as specified in clause 5.31.8 and MT data and signalling can be delivered to the UE.

Now the question is whether the RAN configured PTW should be provided to the CN or not. A UE operating in eDRX longer than 10.24 s, monitors POs during a periodic Paging Time Window (PTW) configured for the UE. The CN computes the paging hyperframe based on CN eDRX cycle and the RAN computes it with RAN eDRX cycle. For the start position of PTW the agreement from previous RAN2 meeting says that RAN and CN will use the PTW start calculation based only on CN eDRX cycle. The only remaining thing is the length of PTW, where RAN and CN can configure different PTW length for RAN PTW and CN PTW. 

[bookmark: _Toc134784931]RAN informs CN about the RAN PTW length of a UE configured with extended eDRX cycles in RRC_INACTIVE.

[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk40295327]5	Conclusion
In this contribution, we continue the discussion on the relevant details for enhancements of eDRX. Based on the discussion in the previous sections we propose the following:
 
Observation 1	It is possible for a gNB to allow extended eDRX cycles in RRC_INACTIVE regardless of whether it allows eDRX cycles in RRC_INACTIVE as specified in Rel-17.

Based on the discussion in the previous sections we propose the following:

Proposal 1	A Rel-18 UE is configured with extended eDRX cycles in RRC_INACTIVE, only if it supports eDRX cycles in RRC_IDLE and RRC_INACTIVE specified in Rel-17.
Proposal 2	The length of RAN PTW can be longer than the CN PTW length.
Proposal 3	RAN informs CN about the RAN PTW length of a UE configured with extended eDRX cycles in RRC_INACTIVE.
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