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1. Introduction
Through the previous meetings (i.e., RAN2#113bis-e and RAN2#114e), RAN2 agreed the followings:

- eDRX cycles can be different for RRC_IDLE and RRC_INACTIVE

- Lengths of CN PTW and RAN PTW can be different

- Starting points of CN PTW and RAN PTW are same

The RAN2 agreements involved are shown below: 
	Agreements (RAN2#113bis-e):
- At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
Agreements (RAN2#114e):
- 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.


We illustrate Figure 1 which captures those agreements.
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Figure 1. Illustration with PTW_CN and PTW_RAN

In this contribution, we discuss 
1) how to define PH_CN and PH_RAN (i.e., Paging Hyperframes for CN paging and RAN paging, respectively), 

2) how to determine paging monitoring cycle according to PTW_CN and PTW_RAN, and

3) how to calculate the same PTW staring point, based on the agreement.

2. Discussion
2.1. PH_CN and PH_RAN

In Figure 1, eDRX operation for CN paging is shown in upper figure, and one for RAN paging is depicted in lower figure. Paging Hyperframe for CN paging (i.e., PH_CN) and Paging Hyperframe for RAN paging (i.e., PH_RAN) occur with different periodicities i.e., TeDRX_CN,H, TeDRX_RAN,H, respectively.

For LTE eDRX, TS 36.304 defines PH as follows:
	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 or MPDCCH

- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH

-
T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.


We can reuse this for RedCap eDRX, by defining separate PHs (i.e., PH_CN and PH_RAN).
1) PH_CN is defined as H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)
2) PH_RAN is defined as H-SFN mod TeDRX,_RAN,H= (UE_ID_H mod TeDRX_RAN,H)
where TeDRX_CN,H : CN paging eDRX cycle of the UE in Hyper-frames, and TeDRX_RAN,H : RAN paging eDRX cycle of the UE in Hyper-frames
Proposal 1. Paging Hyperframe for CN paging (PH_CN) and Paging Hyperframe for RAN paging (PH_RAN) are defined as follows:

1) PH_CN: H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)

2) PH_RAN: H-SFN mod TeDRX,_RAN,H= (UE_ID_H mod TeDRX_RAN,H)
where TeDRX_CN,H : CN paging eDRX cycle of the UE in Hyper-frames, and TeDRX_RAN,H : RAN paging eDRX cycle of the UE in Hyper-frames
2.2. Paging monitoring cycle
Next, as shown in the agreement below, RAN2 needs to discuss how UE monitors RAN PTW (i.e., PTW_RAN) and CN PTW (i.e., PTW_CN) (See Figure 1).
	Agreements (RAN2#114e):
- 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


2.1.1. UE in RRC_IDLE

First, we can discuss how UE in RRC_IDLE monitors according to PTW_CN and PTW_RAN. In fact, UE in RRC_IDLE does not have to monitor PTW_RAN, since no RAN paging to the UE is expected. Therefore, we assume UE in RRC_IDLE is not aware of eDRX configuration for RRC_INACTIVE.  
However, within PTW_CN, UE in RRC_IDLE should monitor paging, and the paging monitoring cycle should be min (UE specific DRX cycle, Default DRX cycle). Outside PTW_CN, UE in RRC_IDLE does not monitor paging at all. Note that this UE operation in RRC_IDLE is same in LTE eDRX.
Proposal 2. Outside PTW_CN, UE in RRC_IDLE does not monitor paging.
Proposal 3. Inside PTW_CN, UE in RRC_IDLE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle).

2.1.1. UE in RRC_INACTIVE

Next, we discuss UE in RRC_INACTIVE. UE in RRC_INACTIVE needs to consider PTW_CN as well as PTW_RAN, as it may need to monitor CN paging as well. Therefore, we can consider 4 cases to determine paging monitoring cycle:

Case 1) Inside both PTW_CN and PTW_RAN

Case 2) Inside PTW_CN, but outside PTW_RAN

Case 3) Outside PTW_CN, but inside PTW_RAN

Case 4) Outside both PTW_CN and PTW_RAN

In case 1, UE in RRC_INACTIVE may receive either CN paging and RAN paging, and thus monitoring cycle should be min (UE specific DRX cycle, Default DRX cycle, RAN paging cycle). For case 2, no RAN paging is expected, so monitoring cycle should be min (UE specific DRX cycle, Default DRX cycle) to monitor CN paging only. For case 3, CN paging is not expected. However, taking notification for SI modification and emergency into account, monitoring cycle should be min (Default DRX cycle, RAN paging cycle). For case 4, no monitoring can be recommended to achieve power saving.

Proposal 4.  Inside both PTW_CN and PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle, RAN paging cycle).

Proposal 5. Inside PTW_CN, but outside PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle)

Proposal 6. Outside PTW_CN, but inside PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (Default DRX cycle, RAN paging cycle)

Proposal 7. Outside both PTW_CN and PTW_RAN, UE in RRC_INACITVE does not monitor paging.
2.2. PTW staring point
Given the agreement below, RAN2 also needs to discuss how to define PTW staring point so that UE in RRC_IDLE and UE in RRC_INACTIVE derive the same result. (See Figure 1).
	Agreements (RAN2#114e):
- 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.


For LTE eDRX, PTW_start is defined in TS 36.304 [1] as follows:
	SFN = 256* ieDRX, where

-
ieDRX = floor(UE_ID_H /TeDRX,H) mod 4


However, this equation cannot be re-used for PTW_RAN and PTW_CN. That's because they may use different eDRX cycles (i.e., TeDRX_CN,H and TeDRX_RAN,H), leading to different PTW starting points. Thus, RAN2 can further consider and discuss the following candidates for PTW_start in NR RedCap eDRX.
- Option 1) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod 4
: TeDRX_CN,H is used commonly to derive the same starting point for PTW_RAN and PTW_CN.
- Option 2) SFN = (1024/X)* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod X
: TeDRX_CN,H is used commonly and X is the number of PTWs in PH. X may be the pre-defined/fixed value in spec, or can be configurable by gNB or CN.
- Option 3) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H/TeDRX,H) mod 4
: Remove TeDRX,H from LTE equation.
- Option 4) gNB or CN configures ieDRX
: UE does not derive ieDRX. Instead, gNB or CN configures it.

Proposal 8. RAN2 discusses the following candidates for the same starting location for CN PTW and RAN PTW.

- Option 1) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod 4

- Option 2) SFN = (1024/X)* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod X

- Option 3) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H) mod 4

- Option 4) gNB or CN configures ieDRX

3. Conclusion
Proposal 1. Paging Hyperframe for CN paging (PH_CN) and Paging Hyperframe for RAN paging (PH_RAN) are defined as follows:

1) PH_CN: H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)

2) PH_RAN: H-SFN mod TeDRX,_RAN,H= (UE_ID_H mod TeDRX_RAN,H)

where TeDRX_CN,H : CN paging eDRX cycle of the UE in Hyper-frames, and TeDRX_RAN,H : RAN paging eDRX cycle of the UE in Hyper-frames
Proposal 2. Outside PTW_CN, UE in RRC_IDLE does not monitor paging.
Proposal 3. Inside PTW_CN, UE in RRC_IDLE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle).

Proposal 4.  Inside both PTW_CN and PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle, RAN paging cycle).

Proposal 5. Inside PTW_CN, but outside PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (UE specific DRX cycle, Default DRX cycle)

Proposal 6. Outside PTW_CN, but inside PTW_RAN, UE in RRC_INACITVE monitors paging, with paging monitoring cycle = min (Default DRX cycle, RAN paging cycle)

Proposal 7. Outside both PTW_CN and PTW_RAN, UE in RRC_INACITVE does not monitor paging.
Proposal 8. RAN2 discusses the following candidates for the same starting location for CN PTW and RAN PTW.

- Option 1) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod 4

- Option 2) SFN = (1024/X)* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX_CN,H) mod X

- Option 3) SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H) mod 4

- Option 4) gNB or CN configures ieDRX

4. References
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