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1.	Introduction
RAN2 has started work on the support of reduced capability (RedCap) NR devices WI (RP-211574). The WID has the following objectives on introduction of extended DRX: 

	· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle.
· 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.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.



Discussion on eDRX enhancements was continued in RAN2#115-e and the following were agreed: 

	· [bookmark: _Hlk82684531]When IDLE eDRX cycle is longer than 10.24 s, PH calculation formula defined in LTE is re-used, i.e.  PH_CN:  H-SFN mod TeDRX, CN,H= (UE_ID_H mod TeDRX_CN,H) - where TeDRX_CN,H is equal to IDLE eDRX cycle. 
· When IDLE eDRX cycle is longer than 10.24 s, CN PTW_end calculation formula defined in LTE is re-used, i.e. PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, - where L is PTW length configured by upper layers. 
· For RRC_IDLE UE, when eDRX cycle is no longer than 10.24 s, T is determined by IDLE eDRX cycle. When eDRX cycle is longer than 10.24 s, during the CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, and default paging cycle. 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24 s and INACTIVE eDRX cycle is not configured, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle. 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24 s and INACTIVE eDRX cycle is no longer than 10.24 s, outside CN PTW, T is determined by INACTIVE eDRX cycle. 
· [bookmark: _Hlk82694080]RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec. 
· RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec. 
· The maximum PTW length is 40.96 s when IDLE eDRX cycle is longer than 10.24 s. 
· The minimum PTW length is 1.28 s and the step length/granularity of PTW length is 1.28 when IDLE eDRX cycle is longer than 10.24 s. 
· Introduce an additional new IE for INACTIVE eDRX to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future). 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24 s and INACTIVE eDRX cycle is no longer than 10.24 s, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle. 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24 s and INACTIVE eDRX cycle is no longer than 10.24 s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle. 
· eDRX feature is optional for any UE (including RedCap and non-RedCap UEs). 
· eDRX is optional for any gNB (either supporting RedCap or not), which means it is up to gNB implementation whether to support eDRX 
· [bookmark: _Hlk83641932]When IDLE eDRX cycle is longer than 10.24 s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24 s. PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation: 
SFN = 1024/N* ieDRX, where 
ieDRX = floor(UE_ID_H /TeDRX,H) mod N 
FFS N = 4 or 8, FFS if N can take other values 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24 s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring: 
Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle. 
Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle. 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24 s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring: 
Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle. 
Option 2: T is determined by RAN paging cycle. 



In this contribution, we continue the discussion on the relevant details for extended DRX, propose additional restrictions, and provide PTW configurations for the case when eDRX is greater than 10.24 sec. 
2	Discussion 
2.1	Discontinuous reception
Extended DRX (eDRX) cycles (TeDRX) are configured by upper layers (NAS) and/or RRC. The indication for eDRX support is broadcast in system information. A UE configured with TeDRX = {256, 512, 1024} radio frames do not use the paging time window (PTW) and paging hyper-frame (PH). However, UEs configured with TeDRX > 1024 radio frames, monitor the POs within a periodic PTW, which occurs on the configured eDRX value by different RRC states. Within the PTW the UE monitors paging based on the minimum of UE specific paging cycles, and default paging cycle. We identified few cases for eDRX configurations and agreed quite many of those in RAN2#115-e. The agreed cases are as follows:

· UE in RRC_IDLE with eDRX <= 10.24 s and eDRX > 10.24 s
· UE in RRC_INACTIVE with IDLE eDRX <= 10.24 s and IDLE eDRX > 10.24 s
· UE in RRC_INACTIVE with INACTIVE eDRX <= 10.24 s


The remaining issue to be addressed for a UE in RRC_INACTIVE state is the case when INACTIVE eDRX > 10.24 s. In RAN2#115-e, it was discussed that INACTIVE eDRX > 10.24 s will be further discussed after a positive reply of LS from SA2. However, SA2 stated tha INACTIVE eDRX > 10.24 s is not supported in Rel-17 from SA2 standpoint but the intention is to study the potential solutions in Rel-18. From RAN2 point of view we can still come to an agreement on the following case:

RRC_IDLE eDRX configured > 10.24 s, RRC_INACTIVE eDRX configured > 10.24 s
In this case, a UE in RRC_INACTIVE state monitors both CN and RAN paging within the corresponding PTW, determined by the RRC_IDLE and RRC_INACTIVE eDRX cycles. UE monitors the PO within the PTW based on the minimum of UE specific paging cycle, if configured by upper layers, and the default paging cycle. 
[bookmark: _Hlk76125881][bookmark: _Hlk78889707][bookmark: _Toc79094903][bookmark: _Toc85755985][bookmark: _Hlk79081726]For UEs in RRC_INACTIVE state, if the UE is configured with both CN and RAN eDRX cycles longer than 10.24 s, UE monitors the POs within PTWs (which occur as per the CN and RAN eDRX cycles), based on the minimum of UE specific DRX cycles (for CN and RAN paging, if configured) and the default DRX cycle.
 
2.2	PTW configurations
Extended discontinuous reception in 5GC, is implemented in 2 different ways. Firstly, the eDRX values <= 10.24 s and secondly the eDRX values > 10.24 s. For the former, a UE does not need PTW configuration, however for the latter the UE needs PTW configuration as the PO occur within a configured PTW. The baseline for calculating PTW_start and PTW_end is part of RAN2#115-e agreements and the maximum PTW length, minimum PTW length and PTW step granularity were agreed in the offline discussions during RAN2#115-e. PTW configurations can be used by a UE in RRC_IDLE state or in RRC_INACTIVE state, only if eDRX value > 10.24 s is configured. Since, in the current specification the support of RRC_IDLE > 10.24 s is available, therefore we only discuss the PTW for IDLE eDRX cycle. During RAN2#115-e, it was agreed that PTW_start is calculated using the baselinea specified for E-UTRAN, as below. 

SFN = 1024/N* ieDRX, where 
[bookmark: _Hlk83642012][bookmark: _Hlk83980351]ieDRX = floor(UE_ID_H /TeDRX,H) mod N 
FFS N = 4 (LTE) or 8 (NR), FFS if N can take other values
where CN PTW_start depends on the choice of N, which is configurable by the network. In the LTE baseline we use N = 4, which gives us SFN = 256*ieDRX, i.e., the granularity of 256. However, some companies have proposed to use N = 8 (or make N configurable by the network), which achieve the granularity of SFN = 128*ieDRX_CN. PTW_start indicates the first radio frame of the PH that is part of the PTW and has SFN = 256* ieDRX_CN, where ieDRX_CN = floor(UE_ID_H /TeDRX_CN) mod 4. 
When different eDRX cycles are considered for both RAN and CN paging then the LTE PTW_start calculation will give different results i.e., CN TeDRX_CN = 40.96 s and RAN TeDRX_RAN = 20.48 s. In this case, there will be a PH overlap as the CN eDRX cycle is a multiple of RAN eDRX cycle. As agreed earlier, when PH for CN and RAN paging overlap and PTW is configured for both CN and RAN paging, the RRC_IDLE PTW is followed, i.e., PTW_start is according to the CN configured eDRX cycle and paging is monitored inside the PTW according to shortest of the UE specific DRX cycle, and the default DRX cycle. Therefore, re-using LTE PTW_start calculation formula (i.e. Fixed to multiples of 256 SFNs) for CN paging is okay for now.

[bookmark: _Toc85755986]N equal to 4 is used for the calculation of PTW_start for CN paging. 


Furthermore, the calculation of SFN requires UE_ID_H, which is the 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH. We can assume the LTE baseline for the Hashed ID. Where the Hashed ID is a Frame Check Sequence (FCS) for the bits b31, b30, …, b0 of 5G-S-TMSI. Hashed ID uses 5G-S-TMSI, only if the UE supports the connection to 5GC and NAS indicated to use 5GC for the selected cell. 

5G-S-TMSI = <b47, b46, …, b0> as defined in TS 23.003 [6].
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.

[bookmark: _Toc85755987]Hashed ID is calculated as in E-UTRAN. 

2.3	Determining T
Another issue brought up during the online discussion of RAN2#115-e was the use of default paging cycle for RRC_INACTIVE UEs. The following discussion points are for FFS from previous meeting.

· [bookmark: _Hlk83121751]For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring: 
· T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle. 
· T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle. 

· For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring: 
· T is determined by the shortest of RAN paging cycle and default paging cycle. 
· T is determined by RAN paging cycle. 

The UEs in RRC_IDLE or RRC_INACTIVE state when configured with their corresponding eDRX cycle should use the respective configuration to monitor SI change notification. The default paging cycle is used whenever the UE has no configured RRC state and it follows the default paging cycle to monitor SI change notification e.g., a UE in RRC_IDLE state without eDRX configuration follows the default paging cycle to monitor the paging. On the other hand, a UE in RRC_INACTIVE state without the RAN and CN eDRX configuration, follows the default paging for CN paging and the RAN paging cycle for RAN paging. Therefore, the default paging cycle can be a part of the calculation and we propose the following:

[bookmark: _Toc85755988]For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
[bookmark: _Toc85755989]For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by the shortest of RAN paging cycle and default paging cycle.
 
3	Conclusion
In this contribution, we continue the discussion on the relevant details for extended DRX, propose additional restrictions, and provide PTW configurations for the case when eDRX is greater than 10.24. Based on the discussion in the previous sections we propose the following:

Proposal 1	For UEs in RRC_INACTIVE state, if the UE is configured with both CN and RAN eDRX cycles longer than 10.24 s, UE monitors the POs within PTWs (which occur as per the CN and RAN eDRX cycles), based on the minimum of UE specific DRX cycles (for CN and RAN paging, if configured) and the default DRX cycle.
Proposal 2	N equal to 4 is used for the calculation of PTW_start for CN paging.
Proposal 3	Hashed ID is calculated as in E-UTRAN.
Proposal 4	For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
Proposal 5	For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by the shortest of RAN paging cycle and default paging cycle.
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