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Introduction
Based on the current specification, RRC_INACTIVE state is supported for eMTC UE connected to 5GC, but in some cases RAN Node cannot obtain some necessary UE information for RAN based paging scheduling when the UE is in RRC_INACTIVE state.
In this contribution, we will discuss the issue and give our proposals. 
Discussion
Based on the TS 36.304[1] description as follows, for UE in RRC_INACTIVE, if eDRX is configured, DRX cycle (T) is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW, and DRX cycle (T) is determined by the RAN paging cycle outside the PTW. That means, the DRX Cycle(T) value is different during the PTW and outside the PTW. Thus, the eDRX parameters(to determine the PTW information), the RAN paging cycle and the the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle are necessary for RAN Node to determine the paging DRX cycle(T) used. 
	[bookmark: _Toc52492278][bookmark: _Toc37235840][bookmark: _Toc46499546][bookmark: _Toc29237941]7.1	Discontinuous Reception for paging
//SKIP THE UNRELATED PART//
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE.
	Except for NB-IoT: If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.
//SKIP THE UNRELATED PART//


Observation 1: The following information are necessary for RAN Node to determine the DRX cycle(T) for UE in RRC_INACTIVE, if eDRX is configured: 
· The Paging eDRX Information;
· The shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle;
· The RAN paging cycle.
Based on the TS38.413[2], UE specific DRX can be included in Core Network Assistance Information for RRC INACTIVE IE, and Core Network Assistance Information for RRC INACTIVE can always be delivered to the anchor RAN node. Based on the current TS38.423 specification[3], only Paging DRX IE is included in the RAN PAGING, and the NR UE will determine the DRX cycle(T) by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, and the eMTC UE will determine the DRX cycle(T) by RAN paging cycle outside the PTW. In RAN3 111-e meeting, the common understanding is that the Paging DRX IE in the RAN PAGING indicates the RAN Paging cycle when eDRX has been configured, otherwise or the shortest of the RAN paging cycle and the UE specific paging cycle, if allocated by upper layer. Considering that the interpretion of Paging DRX IE is mainly used for the NG-RAN node1, the NG-RAN node2 cannot aware whether it is RAN paging cycle or the shortest of RAN paging cycle, UE specific DRX. After UE specific DRX IE is introduced in the RAN PAGING message as proposed in Proposal 2, it is feasible to interprete the Paging DRX IE to RAN paging cycle and there is no compatibility issue.  
Proposal 1: The Paging DRX IE in the RAN PAGING is interpeted as the RAN Paging cycle.
Based on the TS38.413[2], Paging eDRX Information IE can be included in Core Network Assistance Information for RRC INACTIVE IE, and Core Network Assistance Information for RRC INACTIVE can always be delivered to the anchor RAN node, which is used to determine the DRX cycle(T), but based on the current TS38.423 specification[3], the Paging eDRX Information IEs is not included in the RAN PAGING. Thus, the RAN Node in RAN paging Area(except the anchor RAN node) cannot obtain the Paging eDRX Information.
Observation 2: Paging eDRX Information IE is used to determine the DRX cycle(T), but based on the current specification, the target RAN Node in RAN paging area(except the anchor RAN node) cannot obtain the Paging eDRX Information.
In RAN2 113bis-e meeting, a new TS 36.304 issue has been descovered: based on the current TS 36.304 and TS38.304, the DRX cycle(T) for UE in RRC_INACTIVE may be different from the DRX cycle(T) for UE in RRC_IDLE, and the DRX cycle(T) is used for calculate the GWUS, PNB and i_s resource. If RRC_INACTIVE UE calculates the GWUS, PNB and i_s based on the DRX cycle(T) for UE in RRC_INACTIVE, the RRC_INACTIVE UE may miss the CN paging when both RAN paging and UE paging should be monitored(e.g. during the PTW or when eDRX is configured to rf512, or when the eDRX is not configured by higher layer). 
Observation 3: Based on the current TS 36.304 and TS38.304 specification, the UE in RRC_INACTIVE may miss the CN paging during the PTW or when eDRX is configured to rf512, or when the eDRX is not configured by higher layer.
One possible solution for this issue is that RRC_INACTIVE UE calculates the GWUS, PNB and i_s based on the DRX cycle(T) for UE in RRC_IDLE[4]. e.g.
	In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3:
· For PF calculation, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. 
· For i_s, PNB and wg calculation, T is determined by the shortest of the UE specific paging cycle, if allocated by upper layers, and the default paging cycle.
In RRC_INACTIVE state, if extended DRX value of 512 radio frames is configured by upper layers according to 7.3: 
· For PF calculation, T is determined by the shortest of the RAN paging cycle, and 512 radio frames. 
· For i_s, PNB and wg calculation, T is 512 radio frames.
In RRC_INACTIVE state, when extended DRX is configured by upper layers according to 7.3 and is not 512 radio frames:
· For PF calculation during the PTW as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle. For PF calculation outside the PTW, T is determined by the RAN paging cycle, otherwise, by the shortest of the UE specific paging cycle, if allocated by upper layers, and the default paging cycle.
· For i_s, PNB and wg calculation during the PTW as defined in 7.3, T is determined by the shortest of the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. For i_s, PNB and wg calculation outside the PTW, T is determined by the RAN paging cycle.


Although this solution has not been approved yet in RAN2, all companies agree that this issue should be dealed with. If this sulution is used, when gNB sends RAN paging, it should know the DRX cycle(T) for UE in RRC_IDLE(e.g. UE specific DRX) whatever the Paging eDRX is configured or not. That means, the UE specific DRX, if configured by higher layer, should be included in RAN PAGING message of Xn interface whatever the Paging eDRX is configured or not.
Observation 4: UE specific DRX, if configured by higher layer, will be used to determine the DRX cycle(T) for calculating the GWUS, PNB and i_s, whatever the Paging eDRX is configured or not, but based on the current specification, the target RAN Node in RAN paging area(except the anchor RAN node) cannot obtain the UE specific DRX.
Proposal 2: Introduce UE Specific DRX and Paging eDRX Information IEs independently in the RAN PAGING message of XnAP specification.
RRC_INACTIVE has been supported for eLTE and NR from Rel-15, but paging eDRX is not supported in eLTE and NR.Thus, the UE Specific DRX IEs should be included in the RAN PAGING message of Rel-15 XnAP specification.
Proposal 2a: Introduce UE Specific DRX IE in the RAN PAGING message of Rel-15 XnAP specification, and interpret the Paging DRX IE in the RAN PAGING as the RAN Paging cycle, or the shortest of the RAN paging cycle and the UE specific paging cycle, if allocated by upper layer.
Since NR RedCap is discussing RAN Paging eDRX Information configuration, and before RAN Paging eDRX Information is introduced in the NR RedCap WI, there is only CN Paging eDRX Information configured by higher layer. To avoid confusion and later extension, we suggest the Paging eDRX Information in the RAN PAGING message of XnAP specification is named as Paging eDRX Information IE, and describe it as the CN Paging eDRX Information.currently.
Proposal 3: The Paging eDRX Information in the RAN PAGING message of XnAP specification is named as Paging eDRX Information IE, and describe it as the CN Paging eDRX Information.
Considering that gNB may use the DRX cycle(T) of UE in RRC_IDLE to calaulate i_s for UE in RRC_INACTIVE, the gNB-DU should know the DRX cycle(T) of UE in RRC_IDLE(e.g. CN UE paging DRX), but based on the current TS 38.473 specification[5], gNB-DU can only know the minimum between the RAN UE Paging DRX and CN UE Paging DRX.
Observation 5: To deal with the i_s issue for NR, gNB-DU should know the CN UE paging DRX.
Proposal 4: Introduce CN UE paging DRX IE in the PAGING message of F1AP specification.
For UE compatibility, a new UE paging capability wll be introduced in the UE Radio Capability for Paging container. Based on the current specification[5], the UE Radio Capability for Paging IE can be known in gNB CU, but cannot be known in gNB-DU, and gNB-DU need know it to calculate the i_s. 
Observation 6: To deal with the i_s issue for NR, gNB-DU should know the UE Radio Capability for Paging.
Proposal 5: Introduce UE Radio Capability for Paging of NR IE in the PAGING message of F1AP specification.
Since RRC_INACTIVE has been supported in Rel-15, the proposal 4 and proposal 5 should be implemented from rel-15.

Based on the proposal 1, proposal 2 and proposal 3, we provide the Rel-16 draft CR for TS 38.423[6].
Based on the proposal 2a, we provide the Rel-15 draft CR for TS 38.423[7].
Based on the proposal 4 and proposal 5, we provide the Rel-15 and Rel-16 draft CR for TS 38.473[8][9].
[bookmark: OLE_LINK1]Notes：the proposal 2a, proposal 4 and proposal 5 are dependent on the exact detail of the RAN2 decisions.
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: The following information are necessary for RAN Node to determine the DRX cycle(T) for UE in RRC_INACTIVE, if eDRX is configured: 
· The Paging eDRX Information;
· The shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle;
· The RAN paging cycle.
Observation 2: Paging eDRX Information IE is used to determine the DRX cycle(T), but based on the current specification, the target RAN Node in RAN paging area(except the anchor RAN node) cannot obtain the Paging eDRX Information.
Observation 3: Based on the current TS 36.304 and TS38.304 specification, the UE in RRC_INACTIVE may miss the CN paging during the PTW or when eDRX is configured to rf512, or when the eDRX is not configured by higher layer.
Observation 4: UE specific DRX, if configured by higher layer, will be used to determine the DRX cycle(T) for calculating the GWUS, PNB and i_s, whatever the Paging eDRX is configured or not, but based on the current specification, the target RAN Node in RAN paging area(except the anchor RAN node) cannot obtain the UE specific DRX.
Observation 5: To deal with the i_s issue for NR, gNB-DU should know the CN UE paging DRX.
Observation 6: To deal with the i_s issue for NR, gNB-DU should know the UE Radio Capability for Paging.

Proposal 1: The Paging DRX IE in the RAN PAGING indicates the RAN Paging cycle when eDRX has been configured, otherwise or the shortest of the RAN paging cycle and the UE specific paging cycle, if allocated by upper layer.
Proposal 2: Introduce UE Specific DRX and Paging eDRX Information IEs independently in the RAN PAGING message of XnAP specification.
Proposal 2a: Introduce UE Specific DRX IE in the RAN PAGING message of Rel-15 XnAP specification, and interpret the Paging DRX IE in the RAN PAGING as the RAN Paging cycle, or the shortest of the RAN paging cycle and the UE specific paging cycle, if allocated by upper layer.
Proposal 3: The Paging eDRX Information in the RAN PAGING message of XnAP specification is named as Paging eDRX Information IE, and describe it as the CN Paging eDRX Information.
Proposal 4: Introduce CN UE paging DRX IE in the PAGING message of F1AP specification.
Proposal 5: Introduce UE Radio Capability for Paging of NR IE in the PAGING message of F1AP specification.

Based on the proposal 1, proposal 2 and proposal 3, we provide the Rel-16 draft CR for TS 38.423[6].
Based on the proposal 2a, we provide the Rel-15 draft CR for TS 38.423[7].
Based on the proposal 4 and proposal 5, we provide the Rel-15 and Rel-16 draft CR for TS 38.473[8][9].
Notes：the proposal 2a, proposal 4 and proposal 5 are dependent on the exact detail of the RAN2 decisions.
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