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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.



Discussion on eDRX enhancements was continued in RAN2#114-e and the following were agreed: 
	· Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.
· 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 PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
· Continue discussion on 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 (Online agreement).



In this paper, we continue the discussion on the paging mechanism details relevant for extended DRX, propose functionality along the LTE baseline, and provide initial text proposals for TS 38.304. 
2	Discussion 
2.1	Discontinuous reception in RRC_IDLE and RRC_INACTIVE
The UEs in RRC_IDLE or RRC_INACTIVE may use discontinuous reception (DRX) to reduce power consumption for paging monitoring. The UE in RRC_IDLE mode monitors CN paging, while the UE in RRC_INACTIVE mode monitors both the CN and RAN paging. In this paper, we continue the discussion on eDRX for RRC_IDLE and RRC_INACTIVE, for the cases when the eDRX cycle is less than or equal to 10.24 s and when the eDRX is greater than 10.24 s. Generally, the UEs configured with eDRX should follow the LTE baseline where it monitors one paging occasion (PO) per eDRX cycle (T), and one Paging Frame (PF) is one Radio Frame, which may contain one or multiple POs. Based on the WID objectives, the eDRX cycles up to 10.24 s do not use paging time window (PTW) and paging hyperframe (PH). Values lower than 10.24 s for eDRX are 5.12 s (as in LTE) and 2.56 s as agreed in RAN2#114-e:

[bookmark: _Hlk79074808][bookmark: _Hlk78888161][bookmark: _Hlk79074774][bookmark: _Toc79094424][bookmark: _Toc79094895]The paging mechanism for 5.12 s eDRX cycle (in LTE) can be reused for 2.56 s eDRX cycle (in NR). 
Based on the agreements from RAN2#113bis, the eDRX cycle for RRC_IDLE and RRC_INACTIVE can be different, therefore the configuration of eDRX cycle for RRC_IDLE and RRC_INACTIVE can be based on the proposals discussed in the next section.
2.2	eDRX configurations in RRC_IDLE and RRC_INACTIVE
A UE can operate in eDRX, only if the eDRX cycle (TeDRX) is configured by upper layers and the cell indicates the support for eDRX in system information. A UE in RRC_IDLE state and configured by the upper layers with an TeDRX of {256, 512, 1024} radio frames monitor the POs with parameter T = {256, 512, 1024} [4]. These values of TeDRX do not use the PTW and PH, however values greater than 1024 radio frames require use of PTW and PH.

The UE in RRC_IDLE state and configured with CN eDRX cycle greater than 1024 radio frames monitor the POs within a periodic PTW, which occurs on the CN configured eDRX value. The UE in RRC_INACTIVE state and configured with both RAN and CN eDRX cycles greater than 1024 radio frames monitor the POs within their corresponding PTW (where the PTW may overlap), which occurs on the basis of RAN and CN eDRX cycles. Within the PTW the UE monitors paging based on the minimum of UE specific paging cycles, and default paging cycle. We identify the following cases for eDRX configurations to be used by the UEs in RRC_IDLE or RRC_INACTIVE states:

Case 1: RRC_IDLE eDRX configured <= 10.24 s, RRC_INACTIVE eDRX not configured
In this case, UE in RRC_IDLE state with eDRX cycle up to 10.24 s monitors CN paging according to eDRX cycle for CN. According to previous RAN2 agreement, PF/PO should be determined by directly setting T as eDRX cycle for RRC_IDLE. UE in RRC_INACTIVE state shall monitor for RAN paging additionally as per the RAN paging cycle.
[bookmark: _Hlk79075122][bookmark: _Hlk79081700][bookmark: _Hlk76125852][bookmark: _Toc79094897]For UEs in RRC_IDLE state, if UE specific DRX and CN eDRX cycles are not configured by upper layers (NAS), the default DRX value (broadcast in the system information) is applied. Otherwise, when a CN eDRX cycle of {256, 512, 1024} radio frames is configured by the upper layers, then T = {256, 512, 1024} radio frames, correspondingly.
[bookmark: _Hlk79075155][bookmark: _Toc79094898]For UEs in RRC_INACTIVE state, if UE specific DRX or eDRX is not configured by upper layers (NAS) and eDRX for RAN paging is not configured by RRC, then T is determined by the shortest of the RAN paging cycle and the default DRX value. Otherwise, when a CN eDRX cycle of {256, 512, 1024} radio frames is configured by the upper layers, then T = {256, 512, 1024} radio frames for CN paging. The UE monitors RAN paging with RAN paging cycle.
[bookmark: _Hlk76050787]Case 2: RRC_IDLE eDRX configured > 10.24, RRC_INACTIVE eDRX not configured
In this case, UE in RRC_IDLE state with eDRX cycle longer than 10.24 s monitors CN paging inside the PTW according to eDRX cycle for CN. UE monitors the PO within the PTW using the shortest of UE specific DRX cycle, if configured, the default DRX cycle, and the RAN paging cycle (only for UE in RRC_INACTIVE state). UE in RRC_INACTIVE state monitor for RAN paging additionally as per the RAN paging cycle.
[bookmark: _Hlk76125875][bookmark: _Hlk79081706][bookmark: _Toc79094899][bookmark: _Hlk79059065]For UEs in RRC_IDLE state, if the UE is configured with CN eDRX cycle longer than 10.24 s, UE monitors for CN paging inside a PTW, and within the PTW the paging is monitored based on the shortest of UE specific DRX cycle (if configured), and the default DRX cycle. 
[bookmark: _Hlk79071511][bookmark: _Toc79094900]For UEs in RRC_INACTIVE state, if the UE is configured with CN eDRX cycle longer than 10.24 s and eDRX for RAN paging is not configured by RRC, UE monitors for CN paging inside a PTW, within the PTW the paging is monitored based on the shortest of UE specific DRX cycle (if configured), the default DRX cycle, and the RAN paging cycle. The UE monitors RAN paging with RAN paging cycle. 
Case 3: RRC_IDLE eDRX configured <= 10.24 s, RRC_INACTIVE eDRX configured <= 10.24 s 
In this case, UE in RRC_INACTIVE state monitor for both CN and RAN paging as per the configured eDRX cycles, i.e., UE monitors CN paging according to eDRX cycle of CN and RAN paging according to eDRX cycle of RAN. The eDRX values up to 10.24 s are {256, 512, 1024} and both RAN, and CN can have different eDRX cycles. In this case, determining the PO on the shortest value of RAN and CN eDRX cycle will lead to monitoring both the POs. 
[bookmark: _Hlk78805661][bookmark: _Hlk76125870][bookmark: _Toc79094901]For UEs in RRC_INACTIVE state, if the UE is configured with both CN and RAN eDRX cycles up to 10.24 s, UE monitors for paging with the shortest of CN eDRX cycle and RAN eDRX cycle i.e., T = min{CN eDRX, RAN eDRX}. 
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]Case 4: RRC_IDLE eDRX configured > 10.24 s, RRC_INACTIVE eDRX configured <= 10.24 s 
In this case, UE in RRC_INACTIVE state monitor for both CN and RAN paging, where the CN paging occurs within the PTW and the RAN paging occurs outside the PTW (in most cases) and it occurs within the CN PTW (rarely). Inside the CN PTW the paging is determined on the minimum value of UE specific paging cycle, if allocated by upper layers, and the default paging cycle. 
[bookmark: _Hlk79081720][bookmark: _Toc79094902]For UEs in RRC_INACTIVE state, if the UE is configured with CN eDRX cycle longer than 10.24 s and RAN eDRX cycle up to 10.24 s, UE monitors for the CN initiated paging inside the CN PTW, with shortest of UE specific DRX cycles (if configured) and the default DRX cycle. The UE monitors RAN paging with the configured RAN eDRX cycle.  
Case 5: RRC_IDLE eDRX configured > 10.24 s, RRC_INACTIVE eDRX configured > 10.24 s 
In this case, 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 inside 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: _Hlk79081726][bookmark: _Toc79094903]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 PO within PTWs (which occur as per the CN and RAN paging cycles), and inside the PTW based on the minimum of UE specific DRX cycles (if configured), and the default DRX cycle.
Case 6: RRC_IDLE eDRX configured <= 10.24 s, RRC_INACTIVE eDRX configured > 10.24 s
In this case, UE in RRC_INACTIVE state monitors CN paging, which always has shorter cycle compared to the RAN paging eDRX cycle, and therefore it does not have to wait longer for the RAN paging, so this configuration is not feasible.  
[bookmark: _Hlk79081731][bookmark: _Toc79094904]It is not a valid configuration for UEs in RRC_INACTIVE state, if the UE is configured with CN paging cycle (default or eDRX) shorter or equal to 10.24 s and RAN eDRX cycle longer than 10.24 s.  
2.3	PTW configurations
Based on the agreements in RAN2#114, when RAN and CN paging coincide in the same PH, the PTW starting locations should be the same. 
[bookmark: _Hlk75948886]In the LTE baseline, if the same UE_ID_H is used for the calculation of PH and PTW_start, then the PH, PO and PTW_start for RRC_IDLE and RRC_INACTIVE will overlap when configured with the same eDRX cycle. If the eDRX cycle of RRC_IDLE and RRC_INACTIVE are different then there could be PH overlap when the eDRX cycle lengths are multiple of each other, or periodically otherwise if they are not integer multiple of each other.  
[bookmark: _Hlk76125892][bookmark: _Toc79094425][bookmark: _Toc79094896]PTW_start will overlap if eDRX cycle are same for both RAN and CN paging. PH can overlap also in other cases e.g. when the cycles are multiple of each other. 
The proposal for calculating PTW starting location and ending locations follows the LTE baseline mechanism taking into account the possible different eDRX cycles for CN and RAN paging: 
[bookmark: _Hlk79081739][bookmark: _Toc79094905]UEs configured with longer than 10.24 s eDRX cycle for both CN and RAN paging, have their corresponding PTW_start with SFN = 256* ieDRX, H, where ieDRX, H = floor(UE_ID_H / {TeDRX,CN ,TeDRX,RAN}) mod 4, and PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, where L is PTW length configured by upper layers (RRC, NAS).
As per the agreements in RAN2#114-e, it is FFS case: when the PH overlaps for RRC_IDLE and RRC_INACTIVE paging but the eDRX cycle length is different. The PTW_start should be the same for both RRC_IDLE and RRC_INACTIVE PTW. A simple way to enforce this is to always apply the CN PTW and override the RAN PTW when the PH overlaps. In such situation, the UE needs in any case to follow both of the PTWs and we expect the CN PTW to be longer in such scenario. Therefore, we propose the following:

[bookmark: _Hlk79081743][bookmark: _Toc79094906]When the 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.   

[bookmark: _Hlk79011922]2.3	Text Proposal (38.304)
In the next subsection we present an initial text proposal for TS 38.304 for a new clause 7.x, corresponding to similar structure in TS 36.304 (clause 7.3). The details can be discussed further. 

For clause 7.1 regarding how to calculate T for different cases, with or without eDRX configuration for CN and/or RAN paging we would like to wait for discussion on how the issue of PO determination for UEs in RRC_IDLE is resolved both in NR and in LTE-M connected to 5GC case. These issues were discussed in RAN2#114-e but there is no agreed conclusion so far. 

[bookmark: _Toc79094907]Wait with stage-3 details and implementation of clause 7.1 in TS 38.304 until related discussion on PO determination in RRC_INACTIVE has progressed. 

2.3.1	Initial text Proposal for Section 7.x in TS 38.304
[bookmark: _Hlk79009819]The UE may be configured by upper layers and/or RRC with an extended DRX (eDRX) cycle TeDRX, CN and/or TeDRX, RAN. If the UE is configured with an extended DRX cycle of 256, 512 or 1024 radio frames, it monitors POs as defined in 7.1 with eDRX cycle of 256, 512 or 1024 radio frames, respectively. Otherwise, a UE configured with longer 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 formulae:
The PH for CN and RAN is the H-SFN satisfying the following equations, with their corresponding eDRX cycle:
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 
-	T eDRX, H = {T eDRX, CN, T eDRX, RAN}: CN or RAN eDRX cycle of the UE, respectively, in Hyper-frames, (TeDRX, CN =1, 2, …, 1024 Hyper-frames) (TeDRX, RAN =1, 2, …, xxxx Hyper-frames (FFS)) and configured by NAS or RRC.
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, H, where 
-	ieDRX, H = floor(UE_ID_H /TeDRX, H) mod 4 where T eDRX, H = {T eDRX, CN, T eDRX, RAN}: CN or RAN eDRX cycle of the UE, respectively.
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
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 is used for Hashed-ID if the UE supports 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 5G-S-TMSI", i.e., Y3 is the generator polynomial x32 (b31*x31 + b30*x30 + … + b0*1).
2.4	Data buffering
RAN is responsible for downlink data packet buffering when UE is in RRC_INACTIVE. Data packet buffering in RAN can ensure shorter data buffering time than any other node of the upper layers due to the short recurrent RAN paging. However, the RAN buffering impact with less frequent RAN paging was not studied during the RedCap study phase. During eDRX, a mobile Redcap UE may change gNB, which may increase the RAN notification area update signalling. If a last serving gNB buffers DL data and the device moves to a different RNA, there is no mechanism in Rel-15/16 to deliver the data buffered at the last serving gNB to the receiving gNB. According to the current specifications, if the path switch between the CN and the receiving gNB fails, the buffered data would be discarded and lost. The buffered data loss was not considered a problem for the existing RRC_INACTIVE mechanism with the DRX sleep cycle as the baseline assumption was that the device would be in a relatively short sleep cycle in RRC_INACTIVE. But, the lack of support for inter-RNA handover and data forwarding could be a limitation with a longer sleep cycle in RRC_INACTIVE. Because there is no existing mechanism, it would be better for the CN to handle the data buffering. 
[bookmark: _Hlk76125901][bookmark: _Toc79094908]From RAN2 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g., when the UE is configured with eDRX in RRC_INACTIVE state.

If data buffering at CN is introduced for UEs configured with eDRX in RRC_INACTIVE, then the CN should have a mechanism to indicate to RAN there is pending data for a UE which is unreachable at the moment (due to eDRX). After such indication, RAN may properly schedule paging to deliver the data to the UE according to the RAN paging cycle. 
Additionally, RAN should provide any necessary information to CN (e.g., on RAN paging cycle) so that CN can estimate the time the UE is unreachable. This will further help CN with procedures which may be impacted due to UE being unreachable during RRC_INACTIVE and CM-CONNECTED. 
[bookmark: _Hlk76125909][bookmark: _Toc79094909]To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable. 
2.5	eDRX as a generic feature capability
A UE can be configured with RAN/CN eDRX cycle if the cell indicates the support for eDRX in system information. The idea behind eDRX is to improve UE battery saving capability, by less frequent exchange of paging messages. We don’t see a reason to restrict eDRX feature to RedCap UEs only – on the contrary, if a general NR UE needs to support eDRX, then restricting eDRX only to restricted capability UEs may result in incentive to report lower capabilities what are really supported. This is not desirable or the intention.
[bookmark: _Hlk79081770][bookmark: _Toc79094910]NR UEs may indicate support for the Rel-17 eDRX enhancement.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The paging mechanism for 5.12 s eDRX cycle (in LTE) can be reused for 2.56 s eDRX cycle (in NR).
Observation 2	PTW_start will overlap if eDRX cycle are same for both RAN and CN paging. PH can overlap also in other cases e.g. when the cycles are multiple of each other.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For UEs in RRC_IDLE state, if UE specific DRX and CN eDRX cycles are not configured by upper layers (NAS), the default DRX value (broadcast in the system information) is applied. Otherwise, when a CN eDRX cycle of {256, 512, 1024} radio frames is configured by the upper layers, then T = {256, 512, 1024} radio frames, correspondingly.
Proposal 2	For UEs in RRC_INACTIVE state, if UE specific DRX or eDRX is not configured by upper layers (NAS) and eDRX for RAN paging is not configured by RRC, then T is determined by the shortest of the RAN paging cycle and the default DRX value. Otherwise, when a CN eDRX cycle of {256, 512, 1024} radio frames is configured by the upper layers, then T = {256, 512, 1024} radio frames for CN paging. The UE monitors RAN paging with RAN paging cycle.
Proposal 3	For UEs in RRC_IDLE state, if the UE is configured with CN eDRX cycle longer than 10.24 s, UE monitors for CN paging inside a PTW, and within the PTW the paging is monitored based on the shortest of UE specific DRX cycle (if configured), and the default DRX cycle.
Proposal 4	For UEs in RRC_INACTIVE state, if the UE is configured with CN eDRX cycle longer than 10.24 s and eDRX for RAN paging is not configured by RRC, UE monitors for CN paging inside a PTW, within the PTW the paging is monitored based on the shortest of UE specific DRX cycle (if configured), the default DRX cycle, and the RAN paging cycle. The UE monitors RAN paging with RAN paging cycle.
Proposal 5	For UEs in RRC_INACTIVE state, if the UE is configured with both CN and RAN eDRX cycles up to 10.24 s, UE monitors for paging with the shortest of CN eDRX cycle and RAN eDRX cycle i.e., T = min{CN eDRX, RAN eDRX}.
Proposal 6	For UEs in RRC_INACTIVE state, if the UE is configured with CN eDRX cycle longer than 10.24 s and RAN eDRX cycle up to 10.24 s, UE monitors for the CN initiated paging inside the CN PTW, with shortest of UE specific DRX cycles (if configured) and the default DRX cycle. The UE monitors RAN paging with the configured RAN eDRX cycle.
Proposal 7	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 PO within PTWs (which occur as per the CN and RAN paging cycles), and inside the PTW based on the minimum of UE specific DRX cycles (if configured), and the default DRX cycle.
Proposal 8	It is not a valid configuration for UEs in RRC_INACTIVE state, if the UE is configured with CN paging cycle (default or eDRX) shorter or equal to 10.24 s and RAN eDRX cycle longer than 10.24 s.
Proposal 9	UEs configured with longer than 10.24 s eDRX cycle for both CN and RAN paging, have their corresponding PTW_start with SFN = 256* ieDRX, H, where ieDRX, H = floor(UE_ID_H / {TeDRX,CN ,TeDRX,RAN}) mod 4, and PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, where L is PTW length configured by upper layers (RRC, NAS).
Proposal 10	When the 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.
Proposal 11	Wait with stage-3 details and implementation of clause 7.1 in TS 38.304 until related discussion on PO determination in RRC_INACTIVE has progressed.
Proposal 12	From RAN2 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g., when the UE is configured with eDRX in RRC_INACTIVE state.
Proposal 13	To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable.
Proposal 14	NR UEs may indicate support for the Rel-17 eDRX enhancement.
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