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This is a revision of R2-1915315 presented at RAN2#108, taking into account the agreements of RAN2#108.

In RAN2#107bis and RAN2#108 meetings, paging in RRC_INACTIVE for eMTC UEs connected to 5GC was discussed and the following agreements were made [1]:

	RAN2#107bis agreements:
Support of RRC_INACTIVE and eDRX in CM-CONNECTED:
For eMTC when connected to 5GC:
· 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.

RAN2#108 agreements:
· PTW is not introduced for RRC_INACTIVE state with short eDRX.
· FFS: If configured with eDRX cycle in CM-IDLE, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) during CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured.
· FFS: if “short eDRX for RRC-INACTIVE” is configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the RAN paging cycle, i.e. 5.12sec, 10.24sec, for RRC_INACTIVE.
· FFS: if “short eDRX for RRC-INACTIVE”, i.e. 5.12sec, 10.24sec, is not configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.




In this contribution, we discuss the above FFSs.


[bookmark: _Ref433086885]Discussion	
Paging monitoring in 5GC
Paging in 5GC in Rel-15

Paging in 5GC in Rel-15 is described in TS 38.300 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.



Equivalent description can also be found in TS 36.300 section 24.5 Mobility:
	
For E-UTRA connected to 5GC, in RRC_IDLE the UE monitors the PCCH for CN-initiated paging information, in RRC_INACTIVE the UE monitors the PCCH for RAN-initiated and CN-initiated paging information. The RAN-initiated and CN-initiated paging occasions overlap and the same paging mechanism is used for both. The extended DRX (eDRX) is not used for E-UTRA connected to 5GC.




Paging in RRC_IDLE/CM-IDLE

Observation 1: In Rel-15 eLTE, UEs in RRC_IDLE monitor the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured), for CN-initated paging.

The corresponding paging occasions are illustrated below for the case where UE specific DRX is not configured.


Figure 1: Paging occasion monitoring in RRC_IDLE/CM-IDLE in Rel-15
Paging in RRC_INACTIVE/CM-CONNECTED

Observation 2: In Rel-15 eLTE, the UE in RRC_INACTIVE monitors the paging occasions for both CN-initiated and RAN-initiated paging according to: 
· the shortest of the cell default paging cycle and the UE specific DRX (if configured) for CN-initated paging,
· a UE-specific cycle configured via RRC signalling, i.e. the RAN paging cycle, for RAN-initiated paging.

The corresponding paging occasions are illustrated below for the case where the UE specific DRX is not configured and the RAN paging cycle longer than the cell default paging cycle.


Figure 2: Paging occasion monitoring in RRC_INACTIVE/CM-CONNECTED in Rel-15

During RAN2#108, it was questioned why a UE in RRC_INACTIVE needs to monitor CN-initiated 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-initiated paging. Thus the reason for monitoring CN paging in RRC_INACTIVE is possible state mismatch 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 [7] 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 [6], 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 [6], 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.



Upon completion of the AN Release procedure, the UE CM state in the AMF is changed from CM-CONNECTED to CM-IDLE (see TS 23.501 [6] section 5.3.3.2.3).

	When the UE CM state in the AMF is CM-CONNECTED, the AMF shall:
-	enter CM-IDLE state for the UE whenever the logical NGAP signalling connection and the N3 user plane connection for this UE are released upon completion of the AN Release procedure as specified in TS 23.502 [3].



Observation 3: UEs in RRC_INACTIVE/CM-CONNECTED monitor CN-initiated paging to address possible state mismatch case where the UE is in RRC_IDLE/CM-IDLE in the network (ng-RAN/AMF).

Paging in 5GC for eMTC
For eMTC, paging in 5GC shall follow the same principle as for eLTE Rel-15. However, two power saving optimisations were agreed by SA2 and included in the WID [8]:

Connection to 5GC:
· Specify support for the following features [RAN2, RAN3]
· Support of extended DRX in CM-IDLE
· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)


Paging in RRC_IDLE/CM-IDLE

Extended DRX in CM-IDLE in 5GC is identical to Extended DRX in ECM-IDLE in EPC, thus the same monitoring rules apply.

Proposal 1: When idle mode eDRX is configured and TeDRX is larger than 5.12 s, eMTC UEs in RRC_IDLE only need to monitor the paging occasions during the PTW. The UE monitors the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured).



Figure 2: Paging occasion monitoring in RRC_IDLE/CM-IDLE for eMTC
Proposal 2: When idle mode eDRX is configured and TeDRX is equal to 5.12 s, eMTC UEs in RRC_IDLE monitor the paging occasions according to TeDRX.

Proposal 3: When idle mode eDRX is not configured, eMTC UEs in RRC_IDLE monitor the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured).


Paging in RRC_INACTIVE/CM-CONNECTED

As CN-initiated paging in RRC_INACTIVE is due to possible state mismatch between the UE (RRC_INACTIVE/CM-CONNECTED) and the AMF (RRC_IDLE/CM-IDLE), CN-initiated paging follows the same principle as in RRC_IDLE/CM-IDLE.

[bookmark: _GoBack]For eMTC, RAN2 has agreed to extend the value range of the RAN paging cycle and that no PTW is introduced for RRC_INACTIVE state with short eDRX. Thus there is no difference whether a short or extended DRX cycle is configured and in both cases, the RAN buffers the DL data up to the duration of the chosen RAN paging cycle.

In conclusion, based on above discussion and Observations 2 and 3, same as in Rel-15 eLTE, eMTC UEs in RRC_INACTIVE shall monitor paging occasions for both CN-initiated and RAN-initiated paging:
· CN-initiated paging is monitored during PTW, in the same way as in RRC_IDLE, if configured (as in Proposals 1-3).
· RAN-initiated paging is monitored according to RRC-configured cycle with no PTW. 

This can be translated to the following proposals:

Proposal 4: When idle mode eDRX is configured and TeDRX is larger than 5.12 s, eMTC UEs in RRC_INACTIVE monitor the paging occasions:
· during the PTW, according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle
· outside the PTW, according to the RAN paging cycle.

The corresponding paging occasions are illustrated below for the case where the UE specific DRX is not configured and the RAN paging cycle longer than the cell default paging cycle.




Figure 1: Paging monitoring in RRC_INACTIVE/CM-CONNECTED

Proposal 5: When idle mode eDRX is configured and TeDRX is equal to 5.12 s, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of TeDRX  and the RAN paging cycle.
Proposal 6: When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle.
Conclusion 
In this paper, we have discussed paging in RRC_INACTIVE for eMTC and made the following observations and proposals:
Paging in RRC_IDLE and RRC_INACTIVE in Rel-15 LTE 
Observation 1: In Rel-15 eLTE, UEs in RRC_IDLE monitor the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured), for CN-initated paging.
Observation 2: In Rel-15 eLTE, the UE in RRC_INACTIVE monitors the paging occasions for both CN-initiated and RAN-initiated paging according to: 
· the shortest of the cell default paging cycle and the UE specific DRX (if configured), for CN-initated paging
· a UE-specific cycle configured via RRC signalling, i.e. the RAN paging cycle, for RAN-initiated paging.
Observation 3: UEs in RRC_INACTIVE/CM-CONNECTED monitor CN-initiated paging to address possible state mismatch case where the UE is in RRC_IDLE/CM-IDLE in the network (ng-RAN/AMF).


Paging in RRC_IDLE for eMTC UES
Proposal 1: When idle mode eDRX is configured and TeDRX is larger than 5.12 s, eMTC UEs in RRC_IDLE only need to monitor the paging occasions during the PTW. The UE monitors the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured).
Proposal 2: When idle mode eDRX is configured and TeDRX is equal to 5.12 s, eMTC UEs in RRC_IDLE monitor the paging occasions according to TeDRX.
Proposal 3: When idle mode eDRX is not configured, eMTC UEs in RRC_IDLE monitor the paging occasions according to the shortest of the cell default paging cycle and the UE specific DRX (if configured).
Note that proposals 1, 2 and 3 are also applicable to NB-IoT.
Paging in RRC_INACTIVE for eMTC UES
Proposal 4: When idle mode eDRX is configured and TeDRX is larger than 5.12 s, eMTC UEs in RRC_INACTIVE monitor the paging occasions:
· during the PTW, according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle
· outside the PTW, according to the RAN paging cycle.
Proposal 5: When idle mode eDRX is configured and TeDRX is equal to 5.12 s, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of TeDRX  and the RAN paging cycle.
Proposal 6: When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle.
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