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1. Introduction
There has been discussion on the PO misalignment for INACTVIE and IDLE state in the past RAN2#114e with the following conclusion [1]:
· [013] 1: RAN2 understand the index of the PO (i.e. the i_s) calculated based on the same UE ID may be different in inactive state and idle state when the DRX cycle for inactive and idle state are different. If a UE in inactive state only monitors the PO derived for inactive state, CN paging failure would happen in both NR and eLTE.
· [013] 2: For Rel-15, it is up to NW implementation to ensure RAN and CN paging occasions overlap in both NR and eLTE
· [013] Whether a standard solution should be supported in later releases (Rel-16 or Rel-17) for NR and eLTE, and if so, the choice of solution, is Postponed
The problem has been acknowledged and it has been agreed to be left to NW implementation in Rel-15 for NR and eLTE. While for the later release (Rel-16 and Rel-17), the decision has been postponed.
In this paper, we share some further analysis on the baseline solution as well as some understanding on when to support such solution. 
2. [bookmark: _Toc12718547]Discussion
2.1. Baseline solution
There has been discussion on the potential solutions at RAN2#114e with companies shown clear preference for solution 2 considering the limited impact in both NW and UE side, so we recommend to take solution 2 as a baseline to solve the PO misalignment in RRC_INACTIVE and RRC_IDLE in NR and eLTE.
· Solution 1: UE monitor both RAN and CN PO, in case RAN and CN PO are not overlapped.
· Solution 2: UE in RRC_INACTIVE should use the same i_s to determine PO as for RRC_IDLE
Proposal 1: To address the PO misalignment in RRC_INACTIVE and RRC_IDLE in NR and eLTE, having UE in RRC_INACTIVE to use the same i_s as for RRC_IDLE in PO determination should be taken as a baseline.
Some further analysis on the potential spec impact will be shared below, including UE capability, inter-operability between UE and NW, and the applicable scenarios.
UE capability
Since there have been a lot of UEs on the market, a UE capability should be introduced to indicate UE support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state so that NW can identify such UE and send both CN paging and RAN paging in the overlapped POs. 
Proposal 2: A UE capability should be introduced to indicate UE support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state.
Inter - operability between UE and NW
The following options can be considered on the inter-operability between UE and NW.
· Option 1: Per UE indication in RRCRelease message to enable the use of the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.

Option 1: Indicating useIdlePO in RRCRelease message
General procedures:
If UE indicates support for using the same i_s in PO determination in RRC_INACTIVE as in RRC_IDLE state, NW send an indication (e.g. useIdlePO) in RRCRelease message when releasing UE from RRC_CONNECTED to RRC_INACTIVE state and ensure that both CN paging and RAN paging will be sent in the overlapped POs (i.e. the idle POs) within the configured RNA. 
· NW would send RAN paging and CN paging in the overlapped POs after sending the useIdlePO indication in RRCRelease message.
· UE enters RRC_INACTIVE and monitor CN paging and RAN paging in the overlapped POs.
· The useIdlePO is valid within the configured RNA. UE will use the same i_s for PO determination in RRC_INACTIVE and RRC_IDLE within the RNA.
· Option 2: Broadcast an indication (e.g. ranPagingInIdlePO) in system information to show if network allows UE in RRC_INACTIVE state to use the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state.

Option 2: Indicating ranPagingInIdlePO in system information
General procedures:
· Upon reception of UE capability indicating support for using the same i_s in PO determination in RRC_INACTIVE as in RRC_IDLE state, NW would be aware and would send RAN paging and CN paging in the overlapped POs after releasing UE to RRC_INACTIVE. 
· UE enters RRC_INACTIVE and monitor CN paging and RAN paging in the overlapped POs.
· The ranPagingInIdlePO is valid within a cell. After moving to another cell, UE in RRC_INACTIVE will check the ranPagingInIdlePO indication to decide whether to use the same i_s or not.
Applicable scenarios for option 1 and option 2
In Option 1, the useIdlePO will be configured with value “true” when all the cells within the configured RNA support such enhancement so that UE can monitor CN paging and RAN paging in overlapped POs within the RNA.
In option 2, the ranPagingInIdlePO is valid within a cell so it seems to be allowed to configure a RNA within which some cells support such functionality while others do not. However, the PO mismatch problem can only be solved when both UE and NW supports to use the same i_s in RRC_INACTIVE and RRC_IDLE for PO determination.
To avoid the compatibility issue at NW side (i.e. some NW nodes support such functionality while others do not) and minimize the complexity, we recommend to deploy this feature when all the cells within the RNA supports to send RAN paging and CN paging in the overlapped POs (i.e. the idle POs) so that the PO mismatch problem can be solved via both option 1and option 2.
RAN3 impact
For both option 1 and option 2, it is up to the OAM to decide to deploy this feature when all the cells within the configured RNA support such functionality as the inter-gNB configuration, e.g. RNA configuration, is usually implemented by OAM. 
In addition, the anchor gNB may send XnAP RAN Paging to neighbor gNB(s) if the RNA includes cells of neighbor gNB(s) or ng-eNB(s). For option 1, the useIdlePO indication should also be included in RAN PAGING message in Xn interface so that the neighbor gNB or ng-eNB(s) would also send RAN paging and CN paging in overlapped POs. For option 2, the UE capability indicating UE support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state should be included in RAN PAGING message in Xn interface. 
Table 1: Comparison between option 1 and option 2
	
	Option 1: Per UE indication in RRCRelease message
	Option 2: Per cell indication in system information

	RAN2 impact
	· UE capability indicating support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state
· Per UE indication (e.g. useIdlePO) RRCRelease message to enable the use of the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.
	· UE capability indicating support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state
· Per cell indication (e.g. ranPagingInIdlePO) in system information showing NW support for using the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.

	RAN3 impact
(With the assumption that NW would deploy the feature when all the cells within RNA support)
	· Include per UE indication (e.g. useIdlePO ) in RAN PAGING message
	· Include the UE capability for this feature in RAN PAGING message


As compared in the above table, the RAN2 impact and RAN3 impact would be quite similar between option 1 and option 2 with the assumption that NW would deploy this feature when all the cells within RNA support to send RAN paging and CN paging in the overlapped POs (i.e. the idle POs).
Proposal 3: Down select from the following options:
· Option 1: Introduce a per UE indication in RRCRelease message to enable the use of the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.
· Option 2: Introduce a per cell indication in system information showing NW support for using the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.
Proposal 4: For both option 1 and option 2, to minimize the complexity, the feature can only be deployed in case the feature can be supported by all the cells within the RNA.
2.2. When to support the baseline solution
In the past RAN2#114e, there has been discussion on the PO misalignment for INACTIVE and IDLE mode and the following configurations have been suggested to address this problem via NW implementation:
· Example 1: Ns=1, in this case, the UE in RRC_INACTVE and RRC_IDLE would anyway monitor the same POs.
· Example 2: RAN configured DRX cycle = Default DRX cycle, and RAN ensures the same Default DRC cycle in a RNA. In this case the T used in RRC_IDLE would always equal T used in RRC_INACTVE and thus there is no PO misalignment issue in this configuration. 
· Example 3: Network takes care of the UE specific DRX cycle and UE ID to ensure overlapped RAN paging and CN paging PO.
Analysis on the above configuration examples is given in the following table: 
	NW implementation examples
	Impact foreseen

	Example 1: Ns=1, in this case, the UE in RRC_INACTVE and RRC_IDLE would anyway monitor the same POs.
	· Having one PO per PF would limit the paging capacity, which may result in paging congestion and increased paging delay.

	Example 2: RAN configured DRX cycle = Default DRX cycle, and RAN ensures the same Default DRC cycle in a RNA. 
	· The functionality of differentiated paging cycle to UE in INACTIVE and IDLE would be disabled.
· 1280ms has now been configured as the CN paging cycle in some area. If the same cycle applies for RAN paging to UE in RRC_INACTIVE, there would be considerate delay in state transition from RRC_INACTIVE. To ensure the QoS, NW may choose to keep UE in RRC_CONNECTED as much as possible instead of releasing UE to RRC_INACTIVE.
· Shorter paging cycle, e.g. 320ms, has been configured for RAN paging to UE in RRC_INACTIVE. If the same cycle applies for CN paging to UE in RRC_IDLE, there would be considerate power consumption at UE side to wake up and monitor paging occasions frequently.

	Example 3: Network takes care of the UE specific DRX cycle and UE ID to ensure overlapped RAN paging and CN paging PO.
	· Too restrictive. There has already been some policy (e.g. according to the operators’ requirements) to configure the paging cycle at NW side and it would be quite hard for NW to follow the existing policy and ensuring the overlapped PO at the same time.


Observation 1: The PO mismatch problem is solved at the sacrifice of paging efficiency and the UE power consumption if we leave it to NW implementation.
With the above analysis, we understand it is better to support a standard solution as mentioned in 2.1 to avoid negative impact on the paging efficiency and the UE power consumption.
Per the discussion last meeting, there has been different views on when to support such solution, Rel-16 or Rel-17. According to the time plan, Rel-17 ASN.1 will be frozen in June 2022. If we decide to support such solution from Rel-17, the UE vendors have to wait until then or even later to start implementation. Considering the stability of the ASN.1, we expect to fix the PO mismatch problem and apply such functionality to the market as soon as possible.
Observation 2: If we decide to support a standard solution from Rel-17, the UE vendors have to wait until June 2022 or even later to solve this PO mismatch problem.
Proposal 5: UE should be allowed to implement the solution in proposal 1-4 (i.e. UE in RRC_INACTIVE to use the same i_s as for RRC_IDLE in PO determination) from Rel-16.
Proposal 6: To discuss from which release, Rel-16 or Rel-17 with early implementation, the solution in proposal 1-4 should be introduced.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Baseline solution
Proposal 1: To address the PO misalignment in RRC_INACTIVE and RRC_IDLE in NR and eLTE, having UE in RRC_INACTIVE to use the same i_s as for RRC_IDLE in PO determination should be taken as a baseline.
Proposal 2: A UE capability should be introduced to indicate UE support for using the same i_s in PO determination in RRC_INACTIVE state as in RRC_IDLE state.
Proposal 3: Down select from the following options:
· Option 1: Introduce a per UE indication in RRCRelease message to enable the use of the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.
· Option 2: Introduce a per cell indication in system information showing NW support for using the same i_s in both RRC_INACTIVE and RRC_IDLE in PO determination.
Proposal 4: For both option 1 and option 2, to minimize the complexity, the feature can only be deployed in case the feature can be supported by all the cells within the RNA.
When to support the baseline solution
Observation 1: The PO mismatch problem is solved at the sacrifice of paging efficiency and the UE power consumption if we leave it to NW implementation.
Observation 2: If we decide to support a standard solution from Rel-17, the UE vendors have to wait until June 2022 or even later to solve this PO mismatch problem.
Proposal 5: UE should be allowed to implement the solution in proposal 1-4 (i.e. UE in RRC_INACTIVE to use the same i_s as for RRC_IDLE in PO determination) from Rel-16.
Proposal 6: To discuss from which release, Rel-16 or Rel-17 with early implementation, the solution in proposal 1-4 should be introduced.
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