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In RAN2#106 meeting, it was agreed to optionally support RRC_INACTIVE for eMTC UEs connected to 5GC and the following agreements were made [1]:

	· RRC-INACTIVE state with short eDRX cycles is optionally supported for eMTC connected to 5GC with capability signaling.
· FFS if EDT in RRC-INACTIVE state is not supported in Rel-16.
· UP optimization solution is supported for both eMTC and NB-IoT connected to 5GC with capability signaling.
· eLTE is assumed to be the baseline for RRC-INACTIVE state for eMTC UEs connected to 5G.
· Working assumption: Same cell selection/reselection criteria and measurement rules for BL UEs and non-BL UEs in CE in RRC_IDLE when attached to EPC are applied to BL UEs and non-BL UEs in CE in RRC-INACTIVE or RRC_IDLE when attached to 5GC.
· For transmission over DRB, NB-IoT/eMTC UE connected to 5GC uses the same AS security algorithms as eLTE regardless of PDCP type.



In this contribution, we discuss support of RRC_INACTIVE in eMTC.

Compared to R2-1910183, the following changes have been made: 
· It is explicitly proposed not to have a PTW for RAN paging in RRC_INACTIVE
· It is proposed not to support WUS in RRC_INACTIVE
[bookmark: _Ref433086885]Discussion
Transition to / from RRC_INACTIVE 
RRC_INACTIVE state was introduced in Rel-15 for LTE UE connected to 5GC. The eNB sends the UE to RRC_INACTIVE state by including RRC-InactiveConfig-r15 in RRCConnectionRelease message. Then RRCConnectionResumeRequest-5GC-r15 is used by the UE to resume the connection. The UE reactivates security and resumes SRB1 prior to sending RRCConnectionResumeRequest.
The same approach should apply to eMTC UE connected to 5GC to support RRC_INACTIVE.

Proposal 1: The Rel-15 suspension/ resumption procedure to/from RRC_INACTIVE applies to eMTC UE connected to 5GC.

In details, this means:

Proposal 1a: Reuse the R15 critical extension version of RRCConnectionResumeRequest for eMTC in RRC_INACTIVE.

Proposal 1b: Reuse rrc-InactiveConfig-r15 in RRCConnectionRelease message to trigger the transition to RRC_INACTIVE for eMTC UEs connected to 5GC.

Proposal 1c: Reuse I-RNTI as UE identity for eMTC in RRC_INACTIVE.

Proposal 1d: Reuse the UE Inactive AS Context as the UE context for eMTC UEs in RRC_INACTIVE.

Proposal 1e: Reuse the same security principle as eLTE to resume the connection for eMTC UEs in RRC_INACTIVE.
	
Paging in RRC_INACTIVE
In eLTE RRC_INACTIVE, UE monitors both RAN initiated paging and CN initiate paging via I-RNTI and 5G-S-TMSI respectively.

Proposal 2: eMTC UEs in RRC_INACTIVE monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively. 

In eLTE, while in RRC_INACTIVE, the UE is only required to monitor paging channels during one Paging Occasions (PO) per DRX cycle. 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_INACTIVE uses the shortest of the three.

For eMTC connected to 5GC, extended eDRX is supported in RRC_IDLE thus the eMTC UE is only required to monitor CN paging during the PTW.  

Proposal 2a: If configured with idle mode eDRX, eMTC UEs in RRC_INACTIVE are only required to monitor CN initiated paging during the PTW.

In eLTE, if the UE receives CN paging in RRC_INACTIVE, the UE transits to RRC_IDLE. Similarly, an eMTC UE in RRC_INACTIVE should move to RRC_IDLE not suspended state.

Proposal 2b: Upon reception of CN paging in RRC_INACTIVE, the eMTC UE moves to RRC_IDLE not suspended state. 

For eMTC connected to 5GC, extended DRX is supported in RRC_INACTIVE with DRX cycle up to 10.24 s and the AMF provides the eNB with the idle mode eDRX cycle. NG-RAN configures the UE with an eDRX cycle in RRC_INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in "RRC Inactive Assistance Information", see TS 23.501 section 5.3.7.2.1.

	For RAT types that support extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. If the UE supports eDRX in RRC inactive, based on its UE radio capabilities, NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in "RRC Inactive Assistance Information" as defined in clause 5.3.3.2.5 or up to 10.24 seconds (whichever is lower).
If eDRX cycle is applied in RRC-INACTIVE, the RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.



Considering the short length of the extended DRX cycle in RRC_INACTIVE, we do not see the need to introduce a PTW, i.e. the UE monitors RAN initiated paging once every RAN paging cycle.
  
Proposal 2c: No PTW is introduced for RAN paging in RRC_INACTIVE.

Proposal 2d: eMTC UEs in RRC_INACTIVE are only required to monitor RAN initiated paging according to the RAN paging cycle provided in rrc-InactiveConfig.

Proposal 2e: For eMTC, the ran-PagingCycle is extended with values rf512 and rf1024.

Rel-15 WUS and Rel-16 Group WUS are supported to reduce paging false alarm when the UE is in RRC_IDLE. For the same reasons, WUS and GWUS could be beneficial to UE in RRC_INACTIVE. However, paging in RRC_INACTIVE has very different characteristics from paging in RRC_IDLE, so this will need further study.

Proposal 2f: Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.

RAN notification area update procedure

A UE in the RRC_INACTIVE state can be configured with an RAN-Based Notification Area (RNA) in RRCConnectionRelease message. If the UE reselects to a cell that does not belong to the configured RNA, a RNA update procedure is performed. The same should apply to eMTC.

Proposal 3: The RNA configuration and RNA update procedure in Rel-15 RRC_INACTIVE apply to eMTC.

Proposal 3a: The resume cause ‘rna-Update’ is applicable to eMTC UEs connected to 5GC that support RRC_INACTIVE.

Cell selection/ reselection in RRC_INACTIVE
In current specification, a UE in RRC_INACTIVE performs cell reselection. The principles of the procedure are the same as for the RRC_IDLE state. In addition, for E-UTRA RRC_INACTIVE state, it is specified that cell reselection from E-UTRAN RRC_INACTIVE to NR RRC_IDLE and cell reselection from E-UTRA RRC_INACTIVE to E-UTRA/EPC RRC_IDLE is supported. 

	[bookmark: _Toc5987281]10.1.9.2	Cell Reselection
A UE in RRC_INACTIVE performs cell reselection. The principles of the procedure are same as for the RRC_IDLE state (see sublclause 10.1.1.2). In addition, for E-UTRA RRC_INACTIVE state:
-	Cell reselection from E-UTRA RRC_INACTIVE to NR RRC_IDLE is supported;
-	Cell reselection from E-UTRA RRC_INACTIVE to E-UTRA/EPC RRC_IDLE is supported.
	



The same principles should apply to eMTC UEs in RRC_INACTIVE. For the case of reselection to EPC, the UE should enter RRC_IDLE not suspended state. 

Proposal 4: Cell reselection from RRC_INACTIVE to NR RRC_IDLE and E-UTRA/EPC RRC_IDLE is supported for eMTC UEs. For the case of reselection to EPC, the UE enters RRC_IDLE not suspended state.

In eLTE RRC_INACTIVE, the same measurement rules apply in RRC_INACTIVE and RRC_IDLE. Thus, the same should apply to eMTC.

Proposal 5: The same measurements rules apply in RRC_IDLE and RRC_INACTIVE for eMTC UEs connected to 5GC.

Proposal 5a: Relaxed monitoring is supported in RRC_INACTIVE for eMTC UEs.

Proposal 5b: Ranking is used in RRC_INACTIVE for eMTC UEs in coverage enhancement.

Indications for support of RRC_INACTIVE

RAN2 has agreed that RRC_INACTIVE state with short eDRX cycles is optionally supported for eMTC connected to 5GC with capability signaling. This is different from eLTE where support is mandatory with IOT bit. Also, a non BL UE supporting coverage enhancements could support RRC_INACTIVE in eLTE but not RRC_INACTIVE state with short eDRX cycle in eMTC.

Proposal 6: Introduce a new capability ce-InactiveState to indicate support of RRC_INACTIVE with short eDRX cycles for eMTC UEs.

It was not discussed whether support of RRC_INACTIVE was mandatory or not at the eNB for eMTC. Considering that Rel-16 also introduces support for the User plane CIoT 5GS optimisation for eMTC UEs connected to 5GC, an eNB could decide to support only one mechanism. In that case, a support indication will be needed in SIB2. Note that, as this is a RAN feature, there is no need for a per PLMN indication.   

Proposal 7: Introduce an indication in SIB2-BR to indicate that the eNB supports RRC_INACTIVE.

Proposal 8: If a UE in RRC_INACTIVE moves to an eNB that does not support RRC_INACTIVE, the UE enters RRC_IDLE not suspended state.

Support of EDT in RRC_INACTIVE
With the UP CIoT EPS optimisation, EDT was introduced for the use case on infrequent one small UL data packet optionally followed by one DL data packet. On the other hand, RRC_INACTIVE has been introduced for frequent small data packet in order to reduce the signalling overhead in CN. So the two use cases are different. 

Observation: The use case of EDT is infrequent small data while the use case of RRC_INACTIVE is frequent bursty data transmission.

In theory, EDT could be supported in RRC_INACTIVE. However, EDT is a very complex feature and it took a lot of time in RAN2 to make the feature stable. To support EDT in RRC_INACTIVE will have impact in RAN2 and potentially in other groups, e.g. the AS-NAS interactions will have to be revisited as the NAS is CM-CONNECTED during RRC_INACTIVE. RAN2 is already very busy with many features still at early stage and we think it would be better to focus on them. Thus, we propose not to support EDT in RRC_INACTIVE in Rel-16.

Proposal 9: EDT is not supported in RRC_INACTIVE in Rel-16.

Conclusion 
In this paper, we have discussed support of RRC_INACTIVE for eMTC and made the following proposals:
Proposal 1: The Rel-15 suspension/ resumption procedure to/from RRC_INACTIVE applies to eMTC UE connected to 5GC.
Proposal 1a: Reuse the R15 critical extension version of RRCConnectionResumeRequest for eMTC in RRC_INACTIVE.
Proposal 1b: Reuse rrc-InactiveConfig-r15 in RRCConnectionRelease message to trigger the transition to RRC_INACTIVE for eMTC UEs connected to 5GC.
Proposal 1c: Reuse I-RNTI as UE identity for eMTC in RRC_INACTIVE.
Proposal 1d: Reuse the UE Inactive AS Context as the UE context for eMTC UEs in RRC_INACTIVE.
Proposal 1e: Reuse the same security principle as eLTE to resume the connection for eMTC UEs in RRC_INACTIVE.
Proposal 2: eMTC UEs in RRC_INACTIVE monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively. 
Proposal 2a: If configured with idle mode eDRX, eMTC UEs in RRC_INACTIVE are only required to monitor CN initiated paging during the PTW.
Proposal 2b: Upon reception of CN paging in RRC_INACTIVE, the eMTC UE moves to RRC_IDLE not suspended state. 
Proposal 2c: No PTW is introduced for RAN paging in RRC_INACTIVE.
Proposal 2d: eMTC UEs in RRC_INACTIVE are only required to monitor RAN initiated paging according to the RAN paging cycle provided in rrc-InactiveConfig.
Proposal 2e: For eMTC, the ran-PagingCycle is extended with values rf512 and rf1024.
Proposal 2f: Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.
Proposal 3: The RNA configuration and RNA update procedure in Rel-15 RRC_INACTIVE apply to eMTC.
Proposal 3a: The resume cause ‘rna-Update’ is applicable to eMTC UEs connected to 5GC that support RRC_INACTIVE.
Proposal 4: Cell reselection from RRC_INACTIVE to NR RRC_IDLE and E-UTRA/EPC RRC_IDLE is supported for eMTC UEs. For the case of reselection to EPC, the UE enters RRC_IDLE not suspended state.
Proposal5: The same measurements rules apply in RRC_IDLE and RRC_INACTIVE for eMTC UEs connected to 5GC.
Proposal 5a: Relaxed monitoring is supported in RRC_INACTIVE for eMTC UEs.
Proposal 5b: Ranking is used in RRC_INACTIVE for eMTC UEs in coverage enhancement.
Proposal 6: Introduce a new capability ce-InactiveState to indicate support of RRC_INACTIVE with short eDRX cycles for eMTC UEs.
Proposal 7: Introduce an indication in SIB2-BR to indicate that the eNB supports RRC_INACTIVE.
[bookmark: _GoBack]Proposal 8: If a UE in RRC_INACTIVE moves to an eNB that does not support RRC_INACTIVE, the UE enters RRC_IDLE not suspended state.
Observation: The use case of EDT is infrequent small data while the use case of RRC_INACTIVE is frequent bursty data transmission.
Proposal 9: EDT is not supported in RRC_INACTIVE in Rel-16.

References
	R2-1911575 “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”, BlackBerry, RAN2#106, Prague, Czech Republic, August 2019
	3/5	
