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1 Introduction
RAN has set a LS [1] asking RAN2 and RAN3 in co-operation with SA2 to continue the discussions on UP CIoT optimization and RRC_INACTIVE connected 5GC and to evaluate the RAN impact.

	RAN thanks RAN2 for the reply to the SA2 LS on completion of 5G CIoT study
RAN would like to provide the following guidance:

· RAN expects RAN2 and RAN3 with co-operation with SA2 will continue to discuss the issue in the coming meetings.

· RAN also expects RAN2 and RAN3 evaluate the RAN impact of UP CIoT optimization and RRC_INACTIVE connected 5GC, considering the following aspects.

· UE battery life time and complexity

· Network and system impacts

· RAN understands both solutions (UP CIoT optimization and RRC_INACTIVE, connected 5GC) are on the table for further discussion in RAN2, RAN3 and SA2. 


In this document, we compared the two solutions for the two following aspects:

· UE battery life time and complexity

· RAN2 specification impact

Note that, in our understanding, network and system impacts are not RAN2 scope.

2 Discussion
2.1 Requirement for battery life

In Rel-13, eMTC and NB-IoT were standardised in RAN WGs to address improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, and low device power consumption. They were further enhanced in Rel-14 and Rel-15.

The corresponding system architecture aspects have been designed for EPC in Rel-13 and Rel-14 and EPC provides features necessary to support CIoT devices requirements: power saving functions, overload control, high latency communication, monitoring, service capability exposure, etc. 
EPS UP optimisations were introduced in Rel-13. Together with the use of extended DRX (DRX cycle up to around 43 minutes for eMTC and 3 hours for NB-IoT) and Power Saving Mode (PSM), they are the foundation mechanisms to fulfil the battery life requirements of CIoT devices connected to EPS. According to the evaluations made in RAN, NB-IoT and eMTC support the requirements for mMTC in 5GS [4]. 
Observation 1: EPS UP optimisations together with extended DRX and PSM fulfil the battery life requirements for CIoT devices connected to EPS.
According to TR 23.724 [3], the key requirements of NB-IoT and eMTC devices connected to 5GC are the same or better than for NB-IoT and eMTC devices connected to EPS.  

	4
Architectural Assumptions and Principles
The following architecture assumptions and principles apply:

-
….

-
Equivalent or reduced level of power consumption for UEs used for CIoT in 5GS system to that in EPS shall be supported.
-
…


Observation 2: According to TR 23.724, the same battery life requirements or better than in EPS apply in 5GS.
2.2 5GS UP optimisations 
UE battery life time 
In TR 23.724, SA2 has agreed on the following features for power saving:
· extended DRX for UEs in CM-IDLE state, equivalent feature from EPS in 5GS (solution 22)
· MICO mode with enhancements (solutions 8, 9 and 23)
Observation 3: According to TR 23.724, power saving functions equivalent to EPS are supported in 5GS.
Conclusion 1:  The features extended DRX in CM-IDLE and MICO mode as described in TR 23.724 will provide at least equivalent battery life in 5GS. 

UE complexity 
The solution for UP optimisations in TR 23.724 is solution 19: 5GS UP Optimization for Infrequent Small Data Transmission. The solution is a translation of the EPS feature to the 5GS with an additional enhancement that avoids to fully resume the RRC connection if the UE sends a single UL packet only.
The three features, i.e. extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 are almost identical from RAN2 point of view to their equivalent in EPS. They will add very little additional complexity to the UE if any. 

Conclusion 2:  Very little additional complexity is expected in the UE to implement the features extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 on top of the equivalent features in EPS.

RAN2 specification impact 
The three features extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 are almost identical from RAN2 point of view to their equivalent in EPS. Very little changes are expected to the RAN2 specification to introduce them.

Conclusion 3:  Very little changes are expected to the RAN2 specification to introduce the features extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 on top of the equivalent features in EPS.

2.3 RRC_INACTIVE 

UE battery life time 
In TR 23.724, SA2 has agreed on the following feature for power saving for RRC_INACTIVE:

· eDRX RRC_INACTIVE STATE in 5GS (solution 38)
Solution 38 comes in three possible alternatives: for Alternative 3, in particular, eDRX sleep cycles in RRC-INACTIVE are recommended to be supported up to the NAS (and SMS) retransmission timers. 
CT1 has replied in [2] about the NAS (and SMS) retransmission timers.

	The smallest NAS retransmission specified in 5GS for Rel-15 timer is 6s and it is associated with mobility management procedures at the AMF. For a UE in 5GMM-CONNECTED mode, extending the DRX cycle beyond 6s without extending NAS retransmission timers will lead to an increase in NAS message retransmissions. 

NAS messages are retransmitted 4 times before the procedure is considered to have failed i.e. the total time that elapses between the initial transmission and a procedure failure, for a NAS retransmission timer of 6s, is 30s. 

For UEs in 5GMM-CONNECTED mode with RRC inactive indication, the impacts of extending DRX are like those highlighted above for the case of 5GMM-CONNECTED mode, however additional delays can be expected due to the need to page the UE to resume the RRC connection and transition to 5GMM-CONNECTED mode. The exact time that is required to page the UE and resume a connection is best determined by RAN2.

Regarding the impact of extended DRX on SMS retransmissions, CT1 cannot provide feedback on this since the retransmission timers for SMS are implementation dependent. 

Although not motivated by extended DRX, CT1 would however like to inform SA2 that it can be expected that the 5GS NAS retransmission timers will be extended for CIoT devices in Rel-16, as was done for CIoT devices in EPS in Rel-13 (as an example, for UEs in NB-S1 mode, the EPS mobility management timers were extended by 240s, and the EPS session management timers were extended by 180s - see section 4.7 of TS 24.301). The extended 5G NAS timer values will be determined as part of the CT1 5G CIoT work. 


Conclusion 4:  eDRX RRC_INACTIVE STATE in 5GS with DRX cycle up to the NAS (and SMS) retransmission timers do not fulfil the battery life requirements for CIoT.
UE complexity 
RRC_INACTIVE is not supported in eMTC and NB-IoT. At least the following new functionalities will need to be supported in the UE: 

· Configuration of the RAN notification area in system information;
· New RAN notification area procedure; 

· Monitoring of both CN paging and RAN paging.

Observation 4: RRC_INACTIVE requires supporting new functionalities in the UE.

The RRC connection Resume / Suspend procedure is different in EPS and in 5GS in many aspects and does not support Early Data Transmission (EDT). The legacy EPS procedure cannot be reused directly.

Observation 5: The RRC connection Resume / Suspend procedure from EPS cannot be reused directly in RRC_INACTIVE. Many aspects need to be changed.

Conclusion 5:  Support of RRC_INACTIVE will introduce significant additional complexity in the UE, as new functionalities need to be supported and the legacy RRC connection Resume / Suspend procedure cannot be reused.
RAN2 specification impact 
RRC_INACTIVE is not supported in the specification for NB-IoT and eMTC. Many changes are expected to the procedure text to address NB-IoT/eMTC. Also, for NB-IoT, the signalling will need to be introduced in the ASN.1.

Observation 6: RRC_INACTIVE is not supported in the specification for NB-IoT and eMTC.

EDT is not supported in RRC_INACTIVE. To support RRC_INACTIVE for NB-IoT and eMTC, EDT will need to be added on top of RRC_INACTIVE.
Observation 7: EDT in RRC_INACTIVE is not supported in the specification.

Conclusion 6:  Supporting RRC_INACTIVE and EDT in RRC_INACTIVE will require significant changes to the RAN2 specification, including changes to the ASN.1 in NB-IoT.

3 Conclusion
In this document, we have discussed the RAN2 impact of supporting UP optimisations in CM-IDLE and RRC_INACTIVE for NB-IoT and eMTC UEs connected to 5GC, for the following aspects:

· UE battery life

· UE complexity

· RAN2 specification impact
We have made the following observations and proposals: 
Observation 1: EPS UP optimisations together with extended DRX and PSM mode support the battery life requirements for CIoT devices connected to EPS.
Observation 2: According to TR 23.724, the same battery life requirements or better than in EPS apply in 5GS.

Observation 3: According to TR 23.724, power saving functions equivalent to EPS are supported in 5GS.

Observation 4: RRC_INACTIVE requires supporting new functionalities in the UE.

Observation 5: The RRC connection Resume / Suspend procedure from EPS cannot be reused directly in RRC_INACTIVE. Many aspects need to be changed.

Observation 6: RRC_INACTIVE is not supported in the specification for NB-IoT and eMTC.

Observation 7: EDT in RRC_INACTIVE is not supported in the specification.

Conclusion 1:  The features extended DRX in CM-IDLE and MICO mode as described in TR 23.724 will provide at least equivalent battery life in 5GS. 

Conclusion 2:  Very little additional complexity is expected in the UE to implement the features extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 on top of the equivalent features in EPS.

Conclusion 3:  Very little changes are expected to the RAN2 specification to introduce the features extended DRX in CM-IDLE, MICO mode and UP optimisation as described in TR 23.724 on top of the equivalent features in EPS.

Conclusion 4:  eDRX RRC_INACTIVE STATE in 5GS with DRX cycle up to the NAS (and SMS) retransmission timers do not fulfil the battery life requirements for CIoT.

Conclusion 5:  Support of RRC_INACTIVE will introduce significant additional complexity in the UE, as new functionalities need to be supported and the legacy RRC connection Resume / Suspend procedure cannot be reused.

Conclusion 6:  Supporting RRC_INACTIVE and EDT in RRC_INACTIVE will require significant changes to the RAN2 specification, including changes to the ASN.1 in NB-IoT.

Battery life and UE complexity are key requirements for NB-IoT and eMTC. If they cannot be fulfilled in 5GS, there is no motivation for introducing connectivity to 5GC.

Thus, we have the following proposal:
Proposal: Reply to the RAN LS on the RAN2 impact of the UP optimisation and of RRC_INACTIVE based on conclusions 1 to 6.
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