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1. Introduction
In RAN2#121 meeting, we have the following agreements on eDRX in RRC_INACTIVE [1]. 
	· 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.

· 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.

· FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.

· 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.

· Indicate to [RAN3/SA2/CT1] that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT), and ask for feedback, if any.




This paper will discuss the PTW configuration for RRC_INACTIVE and the corresponding paging mechanism when eDRX in RRC_INACTIVE>10.24s. 

2. Discussion
2.1. UE_ID_H and PTW_start  
In RAN2#121 meeting, RAN2 has the following agreements on PH and PTW calculation.
	· The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.


In detail, the formula of PH/PTW for IDLE eDRX are as followings [2]:
	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


Regarding the PH calculation, how to determine the parameter, i.e. the UE_ID_H in the formulae should be ffs. 

The hashed ID which is Frame Check Sequence (FCS) for the bits b31, b30…, b0 of 5G-S-TMSI is used for IDLE eDRX for PH calculation could make sure the UE_ID_H to be different from UE_ID for PF calculation, which could avoid the highly uneven UE paging load distribution as agreed in RAN2#116-e meeting. Besides, since the upper value of IDLE eDRX is 1024 hyper frames and the number of PTW_start is 8, 13 bits are needed for UE_ID_H. 
Similarly, the UE identity used for RAN paging PF calculation is the same as CN paging, hence the hashed ID should also be applicable to RAN paging UE_ID_H for the same reason. Besides, as we have agreed that the maximum value of INACTIVE eDRX cycle is also 1024 hyper frames, 13 bits are also needed. Hence it is straightforward and reasonable to use the same UE_ID_H as IDLE eDRX for INACTIVE eDRX for PH calculation. 
Proposal 1:  Using the same UE_ID_H as IDLE eDRX when calculating the PH for RAN paging when INACTIVE eDRX is longer than 10.24s.
There is no doubt that the PH and PTW_end calculation formulae for IDLE eDRX could be re-used directly for enhanced INACTIVE eDRX directly. However, regarding the PTW_start calculation, since we have the agreement in RAN2# 121 meeting:

	· 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.


To meet the above restriction, two alternatives can be considered on this issue:
Alternative 1 : When calculating the PTW_start for RAN paging, the eDRX cycle used for RAN PTW​_start calculation is always set to IDLE eDRX cycle of the UE.
Alternative 2 : When calculating the PTW_start for RAN paging, the eDRX cycle is used as follows:
· In non-overlapping PH, i.e. only RAN paging in the PH, using the INACTIVE eDRX cycle of the UE.

· In overlapping PH, i.e. RAN and CN paging coincide in the PH, using the IDLE eDRX cycle of the UE.
We prefer Alternative 1 since it is simple. Alternative 2 requires the UE to maintain two paging monitoring mechanisms which brings additional complexity for UEs and Network.
Regarding the PTW length, for non-overlapping PH, it is reasonable to use the RAN configured PTW length, otherwise it is meaningless for RAN to configure PTW length. For overlapping PH, we also prefer to use the RAN configured PTW length for RAN paging since UE only needs to maintain one paging monitoring mechanism in this case. 
In summary, for all PH, using IDLE eDRX cycle to calculate the PTW_start for RAN paging and using the RAN configured PTW_length to calculate the PTW_end, which is simple since it requires a uniform inactive paging monitoring mechanism.
Proposal 2: For all RAN paging PH, using IDLE eDRX cycle to calculate the PTW_start and RAN PTW_length to calculate the PTW_end when INACTIVE eDRX is longer than 10.24s.
2.2. INACTIVE eDRX cycle and PTW configuration restriction 
Before we discuss the paging monitoring mechanism when enhanced INACTIVE eDRX cycle is configured, we should firstly discuss the configuration restrictions for inactive eDRX cycle and PTW length.

Firstly, we want to confirm the following invalid eDRX configurations in Release 17 for enhanced INACTIVE eDRX. 

	· RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured.
· 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.


Proposal 3: RAN2 confirms the R17 agreements made at RAN2#115 meeting for enhanced INACTIVE eDRX: 

-
RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured.
-
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.
Secondly, for a UE configured with both IDLE eDRX and INACTIVE eDRX cycle longer than 10.24s, RAN PTW length can be different from the CN PTW length according to the following agreements in RAN2#121 meeting.

	· 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.


It is a common understanding that PTW is used to improve paging reliability, when IDLE PTW length is configured, the CN will ensure UE could receive the CN paging at least 1 time during the CN PTW, hence there is no need for gNB to configure longer RAN PTW length considering the RAN paging is more frequent than CN paging. Even the RAN paging is missed within the previous whole PTW, the latency of paging will not be severer than CN paging since the CN paging may also be missed within the previous whole PTW.

Based on these analyses, if UE could work well with the CN configured PTW on CN paging, it could certainly work well with the same PTW length on RAN paging, there are no additional benefits to configure a longer length for INACTIVE PTW. 
Proposal 4: The RAN PTW length should be no longer than the CN PTW length.
2.3. Paging monitoring mechanism
Based on our above analyses, if the INACTIVE eDRX cycle is longer than 10.24s, the IDLE eDRX cycle is also longer than 10.24s, we will discuss the paging monitoring mechanism for this case. 
Since IDLE eDRX cycle is an integer multiple of INACTIVE eDRX cycle, there is no non-overlapping PH for only CN paging while there may be non-overlapping PH for only RAN paging for RRC_INACTIVE UE. And since RAN PTW length could be different from CN PTW length in overlapping PH, there may be some part for only RAN paging or CN paging in overlapping PH. In our view, the following time duration parts will occur in this case as shown in figure1:
· part 1: only during the CN PTW 
· part 2: during the overlapping PTW, i.e. PTW configured by CN is overlapping with PTW configured by RAN
· part 3: only during the RAN PTW 
· part 4: outside both PTWs
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Fig1 paging monitoring parts when IDLE eDRX and INACTIVE eDRX cycle longer than 10.24s
In part1, UE only monitors CN paging and UE monitors PO based on the shortest of default paging cycle and UE specific DRX cycle, if configured by upper layer; in part 2, UE monitors both CN paging and RAN paging and UE monitors PO based on the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle; in part 3, UE only monitors RAN paging and UE monitors PO based on RAN paging cycle configured by RAN; In part 4, UE doesn’t monitor paging.
In the following figure, we give an example for INACTIVE eDRX and IDLE eDRX configuration and corresponding paging monitor mechanism. 
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Fig2 Example of paging mechanism in RRC-INACTIVE

Proposal 5: If both IDLE eDRX cycle and INACTIVE eDRX cycle are both longer than 10.24s:
· In only CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer and default paging cycle.

· In only RAN PTW configured, T is determined by RAN paging cycle.

· In overlapping PTW, T is determined by the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle.

· Outside the PTW, UE does not monitor Paging.
3. Conclusion

In this contribution, the PTW calculation, paging mechanism are discussed. Proposals are summarized as below.
Proposal 1:  Using the same UE_ID_H as IDLE eDRX when calculating the PH for RAN paging when INACTIVE eDRX is longer than 10.24s.
Proposal 2: For all RAN paging PH, using IDLE eDRX cycle to calculate the PTW_start and RAN PTW_length to calculate the PTW_end when INACTIVE eDRX is longer than 10.24s.

Proposal 3: RAN2 confirms the R17 agreements made at RAN2#115 for enhanced INACTIVE eDRX: 

· RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured.

· 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.
Proposal 4: The RAN PTW length should be no longer than the CN PTW length.
Proposal 5: If both IDLE eDRX cycle and INACTIVE eDRX cycle are both longer than 10.24s:

· In only CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer and default paging cycle.

· In only RAN PTW configured, T is determined by RAN paging cycle.

· In overlapping PTW, T is determined by the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle.

· Outside the PTW, UE does not monitor Paging.
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