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Discussion and decision
1 Introduction

In RAN plenary meeting # 82, it was agreed that connectivity to 5GCN is added as a new objective for the Rel-16 eMTC and NB-IoT WI. Also SA2 has sent an LS to RAN2 in [R2-1900074] regarding the completion of study item in TR 23.724 on this indicating possible RAN2 impacts. SA2 has kindly asked to take following action.
	SA2 has also discussed whether to support of 5GS UP optimization (support for transfer of user plane data from CM-IDLE without the need for using the Service Request procedure to establish Access Stratum (AS) context in RAN and UE, similar to EPS) for NB-IoT and eMTC connected to 5GC. A numberof companies in SA2 see value in supporting 5GS UP optimization (as described in TR 23.724 clause 6.19) for NB-IoT and eMTC connected to 5GC. A number of companies see instead value in supporting only RRC_INACTIVE, as introduced in 5GS but only with sleep cycles up to NAS/SMS retransmission timers,  for NB-IoT and eMTC connected to 5GC. 

SA2 kindly requests RAN2 to inform SA2 whether they intend to support UP optimization and to support RRC_INACTIVE for NB-IoT and eMTC connected to 5GC.


In this contribution, we discuss the need of supporting RRC INACTIVE state for frequent and infrequent small data transmission for eMTC and NB-IoT UEs when connected to 5GCN [1].
2 Discussion
As in eLTE, when an eMTC or NB-IoT UE wants to connect to a 5GCN, it has to de-register from the EPC and start the registration procedure to 5GCN. New identity NG-5G-S-TMSI (and I-RNTI) is used in place of IMSI and S-TMSI as illustrated in [1]. This indicates the UE wishing to connect to 5GCN may need to support the features offered by the NG RAN and 5GCN such as NR PDCP, flow based QoS and RRC_INACTIVE state. 

In case of eMTC and NB-IoT, Rel-13 Suspend/Resume is an important feature for power saving for small data transmission. However, when connected to 5GCN, currently Rel-13 Suspend/Resume procedure is not supported in 5GCN whereas RRC_INACTIVE state is not supported by eMTC and NB-IoT UE. According to the SA2 LS, RAN2 is asked to provide feedback on the following as both of these would be new solution for eMTC and NB-IoT UEs.

Option#1: New 5GS UP optimization (as described in TR 23.724 clause 6.19) for NB-IoT and eMTC connected to 5GC.

Option#2: only RRC_INACTIVE, as introduced in 5GS but only with sleep cycles up to NAS/SMS retransmission timers.

RRC_INACTIVE optimization vs new 5GS UP optimization
A new “RRC_INACTIVE” state is defined in NR which is also supported in eLTE. Similar to Rel-13 Suspend/Resume procedure, UE keeps its stored UE context, monitors paging and initiates RRC resume procedure to transmit any UL data when in RRC_INACTIVE (similar to RRC_IDLE state with suspend indication). The benefit in both states (RRC_INACTIVE and RRC_IDLE with suspend indication) is that UE in RRC_INACTIVE can transition to RRC_CONNECTED quickly to transmit data without the need of NAS service request procedure, RRC reconfiguration and security mode command message. Additional benefit of RRC INACTIVE state is that the UE remains in CM_CONNECTED avoiding additional network signaling delay during resume procedure. Therefore any 5GS UP optimization is not deemed necessary for NR and eLTE. When a LTE UE that supports Rel-13 Suspend/resume wants to connect to 5GCN, the LTE UE can take the benefit of the RRC_INACTIVE state and is not required to use both optimizations (RRC_INACTIVE or RRC_IDLE with suspend indication). 

Observation 1. RRC_INACTIVE feature provides more enhancements (e.g., better AS security, RAN paging and reduced N2/N3 signaling delay as highlighted in Table 1 in Appendix) than offered by the Rel-13 Suspend/Resume procedure (e.g., any 5GS UP optimization).

For eMTC and NB-IoT UEs, RRC_INACTIVE state is also beneficial for frequent small data transmission such that, to resume the RRC connection, no NAS service request procedure is required. In case of infrequent small data transmission, SA2 has indicated in LS [R2-1900082] that extended eDRX can be supported in RRC_INACTIVE state and length of eDRX cycle is up to CT1 to decide. Since UE in RRC_INACTIVE state monitors both RAN-based paging and CN paging, RAN-based eDRX can be configured aligning with the IDLE mode eDRX cycle.

Observation 2. RRC_INACTIVE state is used for frequent and infrequent small data transmission as no NAS service request procedure is required and RAN-based eDRX can also be supported.
On the other hand, supporting a new 5GS UP optimization (e.g., Rel-13 Suspend/Resume like procedure for 5GCN) has the same purpose of transmitting frequent and infrequent small data but brings additional requirements for UE and 5GCN as follows

1. Handling of new resume ID (in addition to I-RNTI) is needed.

2. New UL CCCH message class extension of RRCConnectionResumeRequest message may be required to determine whether the resume request is for 5GCN or EPC as no more critical extension is available.

3. New N2/N3 signaling suspend mechanism for longer time is required.

This also indicates that the additional requirements in the 5G network is to support the new 5GS UP optimization feature only for LTE eMTC and NB-IoT UEs wishing to connect to 5GCN as vast majority of UEs (i.e., NR UEs and eLTE UEs) would still not support the feature.

Observation 3. For eMTC and NB-IoT UEs, since RRC_INACTIVE state with longer eDRX paging cycle can be used for the purpose of frequent or infrequent small data transmission, there is no justified market need to support additional 5GS UP optimization for the same purpose.

Proposal 1. Only RRC INACTIVE is supported by eMTC and NB-IoT UEs when connected to 5GCN.

For eMTC, existing resume request message (RRCConnectionResumeRequest-5GC-r15-IEs) can be re-used whereas a new resume request message can be defined for NB-IoT. Similar to EDT in UP CIoT EPS optimization, AS security is activated before sending Msg1 and the benefit is that Msg4 (RRCConnectionResume message) can be encrypted. Also RRCConnectionReject message in RRC_INACTIVE state cannot change the UE’s state. 

Observation 4. AS security activation procedure in RRC_INACTIVE in eLTE is similar to what is defined for EDT in UP CIoT EPS optimization.

The new RAN paging DRX cycle for UE in RRC_INACTIVE state is optional and can be configured to be same as the default DRX cycle. Also there is no change in legacy PF and PO calculations and PDCCH monitoring with P-RNTI for paging compared to RRC_IDLE state. UE checks its I-RNTI or NG-5G-S-TMSI in the paging record list. New RAN-based notification area can be configured for RAN-based paging. Similar to tracking area update timer in RRC_IDLE state, RAN-based notification area update timer can be maintained in RRC_INACTIVE state. Cell selection, cell reselection criteria and intra and inter frequency measurement rules for RRC_IDLE state is applicable to RRC_INACTIVE state.
Observation 5. Paging monitoring procedure in RRC_INACTIVE is same as in RRC_IDLE state. Similar to tracking area update timer, RAN-based notification area update timer can be maintained in RRC_INACTIVE state. Cell selection and reselection criteria and intra and inter frequency measurement rules for RRC_IDLE state are applicable to RRC_INACTIVE state.
No specific requirements for a new UE procedure or functionality is foreseen for supporting RRC_INACTIVE state. Therefore, SA2 can be informed that new 5GS UP optimization is not needed and only RRC_INACTIVE state is supported by eMTC and NB-IoT UEs when connected to 5GCN.

Proposal 2. RAN2 send LS reply to SA2 informing that RRC INACTIVE state is supported while new 5GS UP optimization is not needed for eMTC and NB-IoT UEs when connected to 5GCN.

3 Conclusion

The observations captured are the following:
Observation 1.
RRC_INACTIVE feature provides more enhancements (e.g., better AS security, RAN paging and reduced N2/N3 signaling delay as highlighted in Table 1 in Appendix) than offered by the Rel-13 Suspend/Resume procedure (e.g., any 5GS UP optimization).
Observation 2.
RRC_INACTIVE state is used for frequent and infrequent small data transmission as no NAS service request procedure is required and RAN-based eDRX can also be supported.
Observation 3.
For eMTC and NB-IoT UEs, since RRC_INACTIVE state with longer eDRX paging cycle can be used for the purpose of frequent or infrequent small data transmission, there is no justified market need to support additional 5GS UP optimization for the same purpose.
Observation 4.
AS security activation procedure in RRC_INACTIVE in eLTE is similar to what is defined for EDT in UP CIoT EPS optimization.
Observation 5.
Paging monitoring procedure in RRC_INACTIVE is same as in RRC_IDLE state. Similar to tracking area update timer, RAN-based notification area update timer can be maintained in RRC_INACTIVE state. Cell selection and reselection criteria and intra and inter frequency measurement rules for RRC_IDLE state are applicable to RRC_INACTIVE state.

The proposal captured are the following:
Proposal 1.
Only RRC INACTIVE is supported by eMTC and NB-IoT UEs when connected to 5GCN.
Proposal 2.
RAN2 send LS reply to SA2 informing that RRC INACTIVE state is supported while new 5GS UP optimization is not needed for eMTC and NB-IoT UEs when connected to 5GCN.
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5 Appendix
Table 1 comparison between Rel-13 Suspend/Resume and RRC_INACTIVE optimization

	
	Rel-13 suspend/resume


	RRC INACTIVE optimization

	5GCN
	New solution (does not support it)
	Supports it.

	UE identity
	Resume ID and truncated Resume ID
	I-RNTI and short I-RNTI

	RRC messages
	1. Msg1 (preamble)

2. Msg2 (RAR)

3. Msg3 (Resume request)

4. Msg4 (Resume complete/connection setup/ Reject)

5. Data transfer
	1. Msg1 (preamble)

2. Msg2 (RAR)

3. Msg3 (Resume request)

4. Msg4 (Resume complete/ connection setup/ Reject)

5. Data transfer

	Network signaling mode
	S1-U is suspended. DL data buffering in core network. 

	N2, N3 maintained. DL data buffering in NG RAN.

	Extended DRX 
	Can be supported.
	No eDRX

	Tracking area
	Same as RRC_IDLE mode
	New RAN-based notification area update

	Paging monitoring
	Same as RRC_IDLE, 

UE_ID for PO calculation is based on IMSI, monitor S-TMSI or IMSI in paging record list (CN paging).
	Same as RRC_IDLE, 

UE_ID for PO calculation is based on NG-5G-S-TMSI, monitor I-RNTI or NG-5G-S-TMSI in paging record list (RAN-based and CN paging).

	Entering procedure
	RRCConnectionRelease message with suspend indication
	RRCConnectionRelease with RRC INACTIVE configuration

	Exit to IDLE
	1. RRC reject without suspend

2. RRC release without suspend

3. IP protection fail for Msg4
	1. NAS recovery on T300 expiry

2. NAS recovery on cell reselection while T300 or T302 running

3. NAS recovery on IP protection fail for Msg4

4. Reception of CN initiated paging

5. RRC release without RRC INACTIVE configuration

	AS Security
	old key for shortResumeMAC-I calculation,

Security activation after Msg4 reception using the received NCC.
	old key for shortResumeMAC-I calculation,

Security activation before Msg1 using the NCC received in previous RRC INACTIVE configuration.


