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1 Introduction
In RAN2 114-e meeting, the following agreements were made about e-DRX [1]:
Agreements via email - from offline 110:

1. 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.

2. 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.
3. 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.

4. Continue in the next meeting the 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

In this contribution, we give some detailed views on how e-DRX works for Redcap Devices.
2 Discussion
2.1 How e-DRX works for RRC INACTIVE
RAN2 has decided to support for extended DRX for Redcap UEs and during the previous meetings has reached the consensus that RAN decides and configures e-DRX ( e-DRX cycle , PTW) for RRC_INACTIVE while the details are left FFS. 

As in LTE, UE in RRC_INACTIVE cannot be configured with e-DRX for RRC_INACTIVE when e-DRX for RRC _IDLE is not configured. We understand the same rule should be applied here.
Proposal 1: UE in RRC_INACTIVE cannot be configured with e-DRX for RRC_INACTIVE when e-DRX for RRC _IDLE is not configured.
As captured in TR 23.724, the UE negotiates with AMF for idle mode e-DRX cycle for CN paging and negotiates with the gNB for inactive mode e-DRX cycle for RAN paging while the latter should be up to the value used for the UE's idle mode e-DRX cycle as provided by the AMF. Since inactive mode e-DRX cycle is shorter than idle mode e-DRX cycle to avoid CN paging missing, the similar rule can be applied to inactive mode PTW length. And if RAN does not assign a new PTW length, we assume the idle mode PTW length should be reused. In this case, it is natural that CN provides necessary assistance information on e-DRX configuration to RAN by reusing “CN Assistance Information for RRC INACTIVE IE”.
Proposal 2: UE in RRC_INACTIVE should be configured with a shorter inactive mode PTW length than the idle mode PTW length. If RAN does not assign a new PTW length, UE will assume the idle mode PTW length will be reused for inactive mode e-DRX.

The next question is how the UE calculates the PTW starting location so that it is the same for RAN and CN PTW. Currently for CN paging the PTW provided to UE via NAS signalling during attach/TAU and the start of the paging window is uniformly distributed within the PH frame by UE-ID and the e-DRX cycle across 4 paging starting points and the separate e-DRX cycles will lead to separate PTW_start which is not power efficient for the UE.

	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


As such, the RAN do not need to configure e-DRX PTW_start. i.e., PTW start/ PTW length is given by AMF and is calculated by idle mode e-DRX cycle.
Proposal 3: A common PTW start is provided for idle mode e-DRX as well as for inactive mode e-DRX, i.e., PTW start is given by AMF and is calculated by idle mode e-DRX cycle.
The last question is how the UE use these two e-DRX cycles and two PTW windows (CN PTW1, RAN PTW2). Note according to the current e-DRX cycle range {hfhalf, hf1, hf2, hf4, hf6, hf8, hf10, hf12, hf14, hf16, hf32, hf64, hf128, hf256, …}, the idle mode e-DRX cycle is not necessarily an integer multiple of inactive mode e-DRX cycle.
For the separated PTW windows when CN paging and RAN paging not coincide in the same paging hyper frame (PH), UE monitors CN paging by the shortest of CN configured DRX value, and default DRX cycle within CN PTW1 and UE monitors RAN paging by RAN eDRX cycle within RAN PTW2 respectively. For the overlapped PTW windows when CN paging and RAN paging coincide in the same paging hyper frame (PH), a straight way is UE monitors both CN and RAN paging on overlapped occasions and only CN paging for non-overlapped occasions (if the length of idle PTW is longer than the PTW for inactive) as show below. 
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Fig. 1 The framework for e-DRX for inactive UE (Two PTWs involved)
A simpler way is that the UE does not differentiate for RAN paging and CN paging but applies a common PTW to receive both RAN paging and CN paging within the common PTW, i.e,. CN PTW1 which is preferred. And the UE is only required to monitor one of its legacy (PF, PO) during the paging window for either CN paging or RAN paging according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}. 
Note the two PTW windows (CN PTW1, RAN PTW2) case only applies to both idle mode e-DRX cycle and inactive mode e-DRX cycle are above 10.24s. For the case idle mode e-DRX cycle is above 10.24s, and inactive mode e-DRX cycle do not exceed 10.24s (10.24, 5.12, 2.56) or not configured, since only CN PTW1 involved, the UE will monitor for either CN paging or RAN paging according to the min {UE specific DRX cycle, default DRX cycle, RAN paging (e)DRX cycle} within the CN PTW1 while outside the CN PTW1 UE will monitor RAN paging by RAN (e)DRX cycle.
When no PTW is involved, for the cases that both idle mode eDRX cycle and inactive mode e-DRX cycle do not exceed 10.24s or only idle mode eDRX cycle is configured, the UE monitors T where T is determined by the shortest of CN eDRX cycle and RAN (e)DRX cycle. For the case that neither idle mode e-DRX cycle nor inactive mode e-DRX cycle is configured, the legacy behaviour should be applied.
Hence, we propose:
Proposal 4: For UE in RRC_INACTIVE, if both idle mode eDRX cycle and inactive mode eDRX cycle are above 10.24s: 
· For none overlapped CN PTW (PTW1), T is determined by the shortest of CN configured DRX value, and default DRX cycle;
· For none overlapped RAN PTW (PTW2), T is RAN paging cycle;
· For overlapped PTW (PTW1), T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.
Proposal 5: For UE in RRC_INACTIVE, if idle mode eDRX cycle is above 10.24s, and inactive mode e-DRX cycle do not exceed 10.24s or not configured: 
· For CN PTW (PTW1), T is determined by the shortest of CN configured DRX value, default DRX and RAN paging (e)DRX cycle; 

· Outside the CN PTW1 UE will monitor RAN paging by RAN (e)DRX cycle;

Proposal 6: For UE in RRC_INACTIVE, if idle mode e-DRX cycle do not exceed 10.24s, and inactive mode e-DRX cycle do not exceed 10.24s or not configured: 

· T is determined by the shortest of CN configured DRX value and RAN paging (e)DRX cycle; 

2.2 2.56s
In last RAN2 meeting, we have agreed that e-DRX lower bound is set to 2.56sec in RRC_IDLE and RRC_INACTIVE. For Redcap UEs, if the NAS configures the UE with a 2.56s DRX UE-specific paging cycle, the Redcap UE follows this DRX cycle even when the RAN paging cycle or default paging cycle is shorter. We think that applies to UE in the two cases:
· Case 1: If the NAS configures the UE in in RRC_IDLE with a 2.56s DRX UE-specific paging cycle, the UE follows this DRX cycle even when default paging cycle is shorter.
· Case 2: if the NAS configures the UE in RRC_INACTIVE with a 2.56s DRX UE-specific paging cycle, the UE follows this DRX cycle even when the RAN paging cycle or default paging cycle is shorter. For such case, RAN paging cycle is smaller than 2.56s DRX cycle.
However, if the RAN configures the UE in active with a 2.56s RAN paging cycle, we need to consider it carefully in the following 2 cases:
· Case 3: if the RAN configures the UE in active with a 2.56s RAN paging cycle, and NAS configures the UE in active with a longer e-DRX paging cycle not above 10.24s: 

· UE follows T is determined by the shortest of CN e-DRX cycle and RAN e-DRX cycle.

· Case 4: if the RAN configures the UE in active with a 2.56s RAN paging cycle, and NAS configures the UE in active with a longer e-DRX paging cycle above 10.24s: (In such case PTW is involved)
· UE follows this 2.56s RAN paging cycle within the PTW even when default paging cycle is shorter;
· UE follows this 2.56s RAN paging cycle outside of the PTW for RAN paging;

Hence, we propose:
Proposal 7: For UE in RRC_INACTIVE, if the RAN configures the UE in active with a 2.56s RAN paging cycle and NAS configures the UE in active with a longer e-DRX paging cycle not above 10.24s:
· UE follows T is determined by the shortest of CN e-DRX cycle and RAN e-DRX cycle.

Proposal 8: For UE in RRC_INACTIVE, if the RAN configures the UE in active with a 2.56s RAN paging cycle and NAS configures the UE in active with a longer e-DRX paging cycle above 10.24s:
· For CN PTW, T is determined by 2.56s RAN paging cycle within the PTW even when default paging cycle is shorter; 

· Outside the CN PTW UE will monitor RAN paging by2.56s RAN paging cycle;

2.3 Other issues of e-DRX
The first question is the impact of H-SFN. For Rel-13 e-DRX, RAN2 agreed to have 10 bits to indicate H-SFN and included H-SFN into SIB1 in principle. NR can consider the same way. And another approach is that 1~2 LSBs are delivered over MIB which can be beneficial in avoiding SIB1 acquisition if UE has a high-fidelity clock such that the UE is not needed to read SIB1 at every exit from e-DRX cycle. For example, with the 1 bit within MIB, the clock-drift of 20.48 secs can be adjusted with MIB reading only. However, considering the limited size of MIB, it can be further confirmed by RAN1 of the feasibility.
Proposal 9: RAN2 is suggest to specify H-SFN in SIB1. FFS if part bits conveyed by MIB can be used. 
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1: UE in RRC_INACTIVE cannot be configured with e-DRX for RRC_INACTIVE when e-DRX for RRC _IDLE is not configured.
Proposal 2: UE in RRC_INACTIVE should be configured with a shorter inactive mode PTW length than the idle mode PTW length. If RAN does not assign a new PTW length, UE will assume the idle mode PTW length will be reused for inactive mode e-DRX.

Proposal 3: A common PTW start is provided for idle mode e-DRX as well as for inactive mode e-DRX, i.e., PTW start is given by AMF and is calculated by idle mode e-DRX cycle.
Proposal 4: For UE in RRC_INACTIVE, if both idle mode eDRX cycle and inactive mode eDRX cycle are above 10.24s: 
· For none overlapped CN PTW (PTW1), T is determined by the shortest of CN configured DRX value, and default DRX cycle;
· For none overlapped RAN PTW (PTW2), T is RAN paging cycle;
· For overlapped PTW (PTW1), T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.
Proposal 5: For UE in RRC_INACTIVE, if idle mode eDRX cycle is above 10.24s, and inactive mode e-DRX cycle do not exceed 10.24s or not configured: 
· For CN PTW (PTW1), T is determined by the shortest of CN configured DRX value, default DRX and RAN paging (e)DRX cycle; 

· Outside the CN PTW1 UE will monitor RAN paging by RAN (e)DRX cycle;

Proposal 6: For UE in RRC_INACTIVE, if idle mode e-DRX cycle do not exceed 10.24s, and inactive mode e-DRX cycle do not exceed 10.24s or not configured: 

· T is determined by the shortest of CN configured DRX value and RAN paging (e)DRX cycle; 

Proposal 7: For UE in RRC_INACTIVE, if the RAN configures the UE in active with a 2.56s RAN paging cycle and NAS configures the UE in active with a longer e-DRX paging cycle not above 10.24s:
· UE follows T is determined by the shortest of CN e-DRX cycle and RAN e-DRX cycle.

Proposal 8: For UE in RRC_INACTIVE, if the RAN configures the UE in active with a 2.56s RAN paging cycle and NAS configures the UE in active with a longer e-DRX paging cycle above 10.24s:
· For CN PTW, T is determined by 2.56s RAN paging cycle within the PTW even when default paging cycle is shorter; 

· Outside the CN PTW UE will monitor RAN paging by2.56s RAN paging cycle;

Proposal 9: RAN2 is suggest to specify H-SFN in SIB1. FFS if part bits conveyed by MIB can be used. 
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