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1. Introduction
During last RAN2 NB-IOT Ad-hoc Meeting in Budapest, some details of RRC Connection Control have been discussed. Regarding RRC Connection Release, the following was agreed:
· The LTE RRC Connection Release procedure to be supported. Other methods for RRC release is FFS.
In addition to the RRC Connection Release procedures detailed in our contributions [4] and [5], it can be considered whether the UE can initiate an autonomous release of the connection, without an explicit message from the eNB asking to release the connection (whether it is an RRC message, or a release indication over NAS or DRB). In existing specification [3], the RRC connection release is initiated by E-UTRAN, and the UE may autonomously abort the RRC connection only in exceptional cases. In particular, upper layers may request the UE to locally release the RRC connection. However, it is specified that this shall not be done for power saving purposes.
In this contribution, we consider the following alternatives:

· UE initiated Autonomous RRC Connection Release, based on previously sent Release Assistance Information

· UE initiated Autonomous RRC Connection Release, based on an inactivity timer
2. UE Autonomous (RAI-based) RRC Connection Release
2.1. Description

In [2], it is proposed to introduce an implicit RRC Connection Release without a timer for C-plane solution, based on the detection of the last PDU of an SDU. While we share the analysis and the need to optimise RRC Connection Release, we think the procedure should allow to synchronize the RRC state on both UE and eNB side with a sufficient reliability. The following is needed:

· A reference message, after which the connection will be released
· An ACK, indicating that the reference message was received
Thanks to the RAI information sent along with the last UL data message, UE initiated autonomous RRC Connection Release can be an option, as it enables to identify the reference message unambiguously. This would not be a local release, since the eNB would be informed that the UE releases the connection. 
The autonomous release can be performed as follows, depending on the RAI sent to the eNB:

· In case no subsequent DL data is expected: 

· once the last UL small data message + RAI transmission is confirmed (RLC Acked), the UE could release the connection (autonomous release). 

· If RLC ACK is not received, the UE will proceed with retransmissions, and eventually release the connection once RLC ACK is finally received, or as per existing triggers (RLF, maximum number of retransmissions reached). Hence in that scheme, the eNB will release the resources only when it can ensure UE has released the connection. This can be for instance derived based on HARQ feedback, as well as considering absence of further scheduling requests. 

· In case subsequent DL data is expected: 
· After the response DL PDU is received, the UE could release the connection once RLC ACK is sent (or timer expired, similarly to legacy procedure when RRC Connection Release message is received), i.e., the response DL PDU acts as a “release message”.
2.2. Signalling flows

The procedure is applicable similarly to both CP and UP solutions.

2.2.1. CP solution

The expected signalling over Uu is described in Table 1 (no subsequent DL data expected case) and Table 2 (subsequent DL data expected case), with same assumptions as in [5].

	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response with UL grant
	DL
	

	3
	Msg3 - RRC Connection Setup Request (SRB0) + data volume indication
	UL
	

	4
	Msg4 - RRC Connection Setup (SRB0) + UL grant
	DL
	

	5
	Msg5 - RRC Connection Setup Complete (SRB1) + Data Packet/RAI (NAS/SRB1)
	UL
	

	6
	RLC ACK ( When received: autonomous release
	DL
	


Table 1 - no subsequent DL data expected case
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response with UL grant
	DL
	

	3
	Msg3 - RRC Connection Setup Request (SRB0) + data volume indication
	UL
	

	4
	Msg4 - RRC Connection Setup (SRB1) + UL grant
	DL
	

	5
	Msg5 - RRC Connection Setup Complete (SRB1) + Data Packet/RAI (NAS/SRB1)
	UL
	

	6
	RLC ACK + Data Packet (NAS/SRB1) + Poll/UL Grant
	DL
	

	7
	RLC ACK ( When sent: autonomous release
	UL
	


Table 2 - subsequent DL data expected case
2.2.2. UP solution 
Taking as an example the RAI over SRB solution, the expected signalling over Uu is described in Table 3 (no subsequent DL data expected case) and Table 4 (subsequent DL data expected case), with same assumptions as in [5].

	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response with UL grant
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + BSR
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB1) + UL grant
	DL
	

	5
	Data Packet (DRB) + RRC Connection Release Request (SRB1)
	UL
	

	6
	RLC ACK  ( When received: autonomous release
	DL
	


Table 3 - no subsequent DL data expected case
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response with UL grant
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + BSR
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB1) + UL grant
	DL
	

	5
	Data Packet (DRB) + RRC Connection Release Request (SRB1)
	UL
	

	6
	RLC ACK + Data Packet (DRB) + Poll/UL grant
	DL
	

	7
	RLC ACK ( When sent: autonomous release
	UL
	


Table 4 - subsequent DL data expected case
2.3. Benefits

As it can be seen, the autonomous release based on RAI information can further reduce the number of TX messages.
· In case no subsequent DL data is expected: 
· In non-autonomous release procedure, a Connection Release message (or equivalent) can be sent by the eNB along with this RLC STATUS. However, such Connection Release message needs to be acknowledged. Hence, the UE autonomous (RAI based) RRC Connection Release enables to avoid at least one additional TX (25% gain).
· In case subsequent DL data is expected: 
· For CP solution, or RAI over DRB UP solution, the last message exchange can already be avoided by having the “release request” embedded in NAS or DRB information (i.e., using a Release Indication in DL PDCP header or DL PDCP Control PDU, as described in [4]). Hence, there seems to be little benefit compared to having an explicit release indication in that case, but it could still be used if such signalling is not defined
· However for RAI over SRB UP solution, this avoids the last message exchange over Uu, hence at least one additional TX (20% gain).
Based on this, a UE autonomous (RAI based) RRC Connection Release procedure could be introduced, whereby the UE releases the connection after having successfully sent an UL data message, and optionally received a DL data response, as indicated in the RAI sent to the eNB.

However, it seems important that the network keeps the control of the RRC Connection. We propose that the UE could be explicitly authorized to perform this new procedure, based on an indication sent when setting up the connection (e.g. within the RRC Connection Setup or Resume message). 

When allowed by the eNB, the UE can release the connection in accordance with the indication sent to the eNB in RAI. The eNB will also release the connection according to the RAI, such as the eNB and UE RRC states can be kept synchronized.

Proposal 1: UE autonomous (RAI based) RRC Connection Release as per RAI indication sent to the eNB should be possible when authorized by the NW
3. Automous (timer-based) Connection Release

In [1], it was proposed that the UE could release autonomously the connection by using an inactivity timer, e.g. a timer counting CDRX cycles (after entering CDRX). The eNB would use a similar timer on its side. In our view, it may be possible to achieve a correct synchronization between UE and eNB. However:

· When RAI information is available, an “Early RRC Connection Release” should be performed, waiting for a timer expiry would not be efficient. In that case, the previous solution “UE Autonomous (RAI-based) RRC Connection Release” is preferable 
· When no RAI information is available, this could be used, but the benefit is not clear compared to the usual mechanism (single timer on eNB side along with a message triggered release), given anyway some additional power consumption for CDRX needs to be taken into account.
Proposal 2: UE autonomous (timer-based) RRC Connection Release is not needed

4. Conclusion 
In this contribution, we have discussed autonomous RRC Connection Release alternatives for NB-IOT, and made the following observations and proposals:
Proposal 1: UE autonomous (RAI based) RRC Connection Release as per RAI indication sent to the eNB should be possible when authorized by the NW
Proposal 2: UE autonomous (timer-based) RRC Connection Release is not needed
References

[1] R2- 156504, “Timer-based connection release”, Neul Ltd
[2] R2-160486, “Implicit Connection Release for NB-IOT”, Sony

[3] 3GPP TS 36.331 V13.0.0

[4] R2-162736, “Early RRC Connection Release for UP solution”, Sequans Communications
[5] R2-162828, “RRC Connection Release for CP solution”, Sequans Communications 

