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In RAN2#107bis meeting, support RRC_INACTIVE for eMTC UEs connected to 5GC and the following agreements were made [1]:

	For eMTC when connected to 5GC:
· The Rel-15 suspension/ resumption procedure to/from RRC_INACTIVE applies.
· eMTC UEs in RRC_INACTIVE monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively.
· Upon reception of CN paging in RRC_INACTIVE, eMTC UE moves to RRC_IDLE without suspension.
· For eMTC, ran-PagingCycle is extended with values rf512 and rf1024.
· The RNA configuration and RNA update procedure in Rel-15 RRC_INACTIVE apply to eMTC.
· The resume cause ‘ran-Update’ is applicable to eMTC UEs connected to 5GC that support RRC_INACTIVE.
· IDLE mode cell selection/reselection criteria and measurement rules also apply in RRC_INACTIVE state for eMTC UEs connected to 5GC.
· Neighbouring cell relaxed monitoring is also applicable in RRC_INACTIVE state for eMTC UEs connected to 5GC.
· Indication in SIB2-BR to indicate that the eNB supports RRC_INACTIVE can be implicit.
· If a UE in RRC_INACTIVE moves to an eNB that does not support RRC_INACTIVE, the UE enters RRC_IDLE, i.e. not suspended state.
· No additional capability is needed to indicate support for short extended DRX operation in RRC_INACTIVE state.
· EDT is not supported in RRC_INACTIVE in Rel-16.



Paging was also discussed [2] but no consensus could be reached and the following was left FFS [2]:

	FFS: If configured with idle mode eDRX, eMTC UEs in RRC_INACTIVE monitor CN initiated paging only during the PTW.
FFS: No PTW is introduced for RAN paging in RRC_INACTIVE.
FFS: UEs in RRC_INACTIVE monitor RAN initiated paging according to the RAN paging cycle provided in rrc-InactiveConfig.
FFS: The paging DRX cycle “T” (to monitor both the RAN paging and CN paging) is set to that value of short extended DRX cycle while UE is in RRC_INACTIVE (instead of selecting the shortest of the configured ones).
FFS Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.




In this contribution, we discuss the above FFSs.
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Paging monitoring in RRC_INACTIVE
Paging in 5GC is described in TS 38.000 section 9.2.5 paging:

	
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:
1)	For CN-initiated paging, a default cycle is broadcast in system information;
2)	For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;
3)	For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;
-	The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.
The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.




Observation 1: in Rel-15 5GC, the UE monitors the paging occasions according to the shortest of the cell default paging cycle (if configured for CN paging), the UE specific DRX (if configured), and the RAN paging cycle.



Now comes the question of why the UE in RRC_INACTIVE needs to monitor CN Paging.

In normal case, when the UE is in RRC_INACTIVE, the UE is in CM-CONNECTED state in the AMF and there is no CN paging. Thus the reason for monitoring CN paging in RRC_INACTIVE is state mitmatch between the UE and the AMF. This can happen e.g. in the following cases where the RAN initiates the AN release procedure:

· Following a RAN or AMF failure (see TS 23.502 [4] section 4.2.6)

	When the NG-AP signalling connection is lost due to (R)AN or AMF failure, the AN release is performed locally by the AMF or the (R)AN as described in the procedure flow below without using or relying on any of the signalling shown between (R)AN and AMF. The AN release causes all UP connections of the UE to be deactivated.



· When RAN paging is not successful(see TS 23.501 3]section 5.3.3)

	If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:
-	If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.
-	If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-RAN.



· Following expiry of the periodic RAN Notification Area Update guard timer in RAN (See TS 25.301 [3], section 5.3.3 )

	If the periodic RAN Notification Area Update guard timer expires in NG-RAN, the NG-RAN shall initiate AN Release procedure as specified in TS 23.502 [3], clause 4.2.6.




Observation 2: UEs in RRC_INACTIVE need to monitor CN paging to address the state mismatch case where the UE is in CM-IDLE in the network.



For eMTC, SA2 has agreed to support extended DRX in CM-IDLE. Thus, for a UE configured with eDRX in CM-IDLE, CN paging will only happen during the PTW.

Observation 3: As CN paging only occurs when the CN assumes the UE in CM-IDLE, CN paging in RRC_INACTIVE only happens during the PTW if the UE is configured with extended DRX in CM-IDLE. 


For eMTC, RAN2 has agreed short extended cycle in RRC_INACTIVE and agreed to extend the RAN paging cycle up to 10.24s. Considering that the maximum cell default paging cycle is 2.56 s, if the UE needs to monitor the CN paging continuously according to the cell default paging cycle as in Rel-15, there will be no benefit in this extension. In other words, short extended cycle in RRC_INACTIVE would only be beneficial to UEs that use MICO mode.

Observation 4: If eMTC UEs in RRC_INACTIVE need to monitor continuously CN paging according to the cell default paging cycle or UE specific DRX cycle, then there is no benefit in extended short eDRX in RRC_INACTIVE.


Thus based on the observations above, we have the following proposals, which are illustrated in Figure 1.




Figure 1: Paging monitoring in RRC_INACTIVE
Proposal 1: If configured with eDRX cycle in CM-IDLE, eMTC UEs in RRC_INACTIVE monitor CN paging during the CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured.

Proposal 2: eMTC UEs in RRC_INACTIVE monitor RAN paging according to the RAN paging cycle. 


In addition, we do not see any benefit in a RAN paging PTW for two reasons, 1) is that the RAN paging cycle is quite short and missing a paging occasion will not be critical, and 2) the purpose is power saving and having a PTW with very short DRX cycle may increase the power consumption. 

Proposal 3: No PTW is defined for RAN paging.


WUS for paging in RRC_INACTIVE
RRC_INACTIVE has been introduced mainly for the purpose to reduce signalling in the network, e.g. one of the benefit is to use UE-based mobility instead of NW-controlled mobility; this avoids to perform handover every time the UE changes cell.

RRC_INACTIVE is a very different state from RRC_IDLE. The UE is still in CM-CONNECTED mode and, in contrast with RRC_IDLE, ‘frequent’ UL and DL are expected. Thus the paging rate in RRC_INACTIVE will be far higher than the paging rate in RRC_IDLE, and globally the paging in the cell will increase significantly with UEs in RRC_INACTIVE, decreasing accordingly the power efficiency of WUS if used for these UEs. 

Without further study on the impact of paging in RRC_INACTIVE, it is preferable not to support WUS in Rel-16 for UEs in RRC_INACTIVE.


Proposal 4: Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.

Conclusion 
In this paper, we have discussed paging in RRC_INACTIVE for eMTC and made the following proposals:
Observation 1: in Rel-15 5GC, the UE monitors the paging occasions according to the shortest of the cell default paging cycle (if configured for CN paging), the UE specific DRX (if configured), and the RAN paging cycle.

Observation 2: UEs in RRC_INACTIVE need to monitor CN paging to address the state mismatch case where the UE is in CM-IDLE in the network.

Observation 3: As CN paging only occurs when the CN assumes the UE in CM-IDLE, CN paging in RRC_INACTIVE only happens during the PTW if the UE is configured with extended DRX in CM-IDLE. 

Observation 4: If eMTC UEs in RRC_INACTIVE need to monitor continuously CN paging according to the cell default paging cycle or UE specific DRX cycle, then there is no benefit in extended short eDRX in RRC_INACTIVE.

Proposal 1: If configured with eDRX cycle in CM-IDLE, eMTC UEs in RRC_INACTIVE monitor CN paging during the CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured.

Proposal 2: eMTC UEs in RRC_INACTIVE monitor RAN paging according to the RAN paging cycle. 

Proposal 3: No PTW is defined for RAN paging.

Proposal 4: Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.
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