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Introduction
The efficient transition to Idle and Inactive mode was discussed during RAN2#105bis [1-16] and RAN2 made the following agreements:
1.	Enable a mechanism for a UE to indicate to the network its preference of transitioning out of RRC_CONNECTED.  FFS what UE assistance and for what scenario.  The UE assistance email rapporteur will cover this in the email discussion.  
2.	No consensus on UE autonomous transitions 
In this contribution the UE assistance info and scenarios for transition out of connected mode are discussed further. 
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RRCRelease delay 
The UE is switched to Idle or Inactive state through RRCRelease signalling. Because asynchronous HARQ is used in the uplink, the UE has to wait 60 ms after having received the RRCRelease message before going to Idle or Inactive, as described in section 5.3.8.3 in 38.331:
The UE shall:
1>	delay the following actions defined in this sub-clause 60 ms from the moment the RRCRelease message was received or optionally when lower layers indicate that the receipt of the RRCRelease message has been successfully acknowledged, whichever is earlier;
For NB-IoT/MTC it has been clarified that when the UE is not polled, the UE may go to Idle mode after having sent HARQ ACK, see 36.331:
NOTE:	For BL UEs, UEs in CE and NB-IoT, when STATUS reporting, as defined in TS 36.322 [7], has not been triggered and the UE has sent positive HARQ feedback (ACK), as defined in TS 36.321 [6], the lower layers can be considered to have indicated that the receipt of the RRCConnectionRelease message has been successfully acknowledged.
In our view, the same requirements apply for NR, however this is not explicitly captured in 38.331 and thus may cause unnecessary delay in the transition to Idle/Inactive in a UE implementation. 
When the UE is polled in the release and the RLC report has been transmitted the UE has to wait some additional time to ensure that the gNB has received the RLC ACK and to allow for possible HARQ retransmissions of the RRCRelease message, if needed [17]. It is important that the transmission of the RRCRelease is reliable to ensure that the UE and NW remain RRC-state synchronized. For the MBB use case the NR UE is assumed to frequently transit between Connected and Inactive/Idle state (e.g. on average 20 RRC connection setups per hour per UE are observed in live 4G networks). 
RRCRelease information
The RRCRelease message conveys information for different functions:
RRCRelease:
    redirectedCarrierInfo               RedirectedCarrierInfo    	OPTIONAL,   -- Need N
    cellReselectionPriorities           CellReselectionPriorities	OPTIONAL,   -- Need R
    suspendConfig                       SuspendConfig         		OPTIONAL,   -- Need R
    deprioritisationReq SEQUENCE {…}                          		OPTIONAL,   -- Need N
    waitTime                           RejectWaitTime               OPTIONAL, 	-- Need N


Release Assistance Information (RAI) signalling
In NB-IoT, when data is sent via NAS (CP solution), the UE can indicate that it expects no further data to send or receive via NAS Release Assistance Indication (RAI) (2 bits, see TS 24.301): 
-	no further uplink or downlink data transmission is expected; or
-	only a single downlink data transmission (e.g. acknowledgement or response to uplink data) and no further uplink data transmission subsequent to the uplink data transmission is expected.
The MME can use this information to decide to release the S1 connection immediately, i.e. send the UE CONTEXT RELEASE COMMAND and trigger the eNB to release the RRC connection, or send the last DL data followed by UE CONTEXT RELEASE COMMAND. 
In NB-IoT, when data is sent via DRB (UP solution), the UE can indicate that it expects no further data to send or receive via BSR signalling, i.e. by omitting sending BSR=0 when rai-Activation is configured (see 38.321). 
In UMTS the Signalling Connection Release Indication (SCRI) message, originally intended to indicate abnormal condition in the UE and trigger an RRC connection release, has been (mis-)used to trigger a “fast dormancy”. With additional standardization efforts, e.g. timer/counter to control the potential excessive SCRI signalling, this feature has been successfully deployed. In LTE “fast dormancy” signalling is not supported. 
DataInactivityTimer 
A DataInactivityTimer can be configured in the NR UE to resolve RRC state mismatch in those rare cases where this can happen. When the radio link conditions are very bad, it is possible that the gNB exceeds the maximum number of RLC retransmissions for the RRCRelease message and goes to Idle mode. It is possible that the UE did not receive the RRCRelease message and thus remains in Connected mode. The UE remains in Connected mode when there is no data nor received. But when the DataInactivityTimer is configured and expires the UE goes to Idle mode, and performs NAS recover (e,g, TAU), re-storing any RRC state mismatch.
BSR reporting
BSR is triggered when the first data enters the UL buffer, periodically when periodicBSR-Timer expires or when retxBSR-Timer expires. There are regular, periodic or padding BSR triggers. The BSR is sent in short, truncated or long MAC CE BSR. The BSR timers are configured with BSR-Config IE in MAC-CellGroupConfig IE in CellGroupConfig IE in RRCSetup, RRCResume and RRCReconfiguration message. When configured via RRC signalling, i.e. after MSG4, the BSR is reported when triggered. BSR=0 is reported when there is space available in the uplink transmission to send the BSR. 
Discussion
Quick RRC release
Normally the RRC connection is released using a NW inactivity timer (e.g. 10 sec). Typically the UE is in cDRX when there is no data to send or receive, and the UE is just waiting for the NW inactivity timer to expire. 
It may be beneficial for the UE to signal to the gNB when it does not expect more data to be sent or received in the near future. This is referred to as Release Assistance Indication (RAI) signalling. It should be noted that BSR=0 signalling is not the same as RAI signalling, i.e. when the UE indicates that the UL buffer is currently empty, this does not necessarily imply that the UE does not expect any further UL data to send in the near future, nor that no further DL data is expected in the near future. RAI signalling is complementary to BSR=0 signalling, in the sense that it indicates that the UE does not expect more data to send/receive in the near future. 
The instantaneous UL/DL buffer size and the implicit trend that can be detected, is perhaps a good indicator to activate and deactivate SCells (provided the SCell is suitable), i.e. to increase or decrease the bandwidth. However to release the RRC connection more guarantees/information is required, even when BSR=0 is signalled.  
Data transmission in NR can start after the DRB(s) have been established and AS security has been activated. Early data transmission during connection setup is not supported, i.e. complicated issues whether to go to connected, or to release/abort the connection, as resolved in NB-IoT, do not need to be discussed. 
In our view it can be beneficial if the UE can indicate that it does not expect more data to send or receive when BSR = 0 is signalled. From a signalling overhead perspective it is preferred that any such signalling is piggybacked in the last UL signalling from the UE, and should not lead to additional signalling: 
Proposal 1: RAN2 to study Release Assistance Indication (RAI) signalling to assist RRC release.
The RAI signalling can potentially be piggy-backed in existing BSR signalling, e.g. use un-used LCID codepoint when BSR=0 is signalled:
Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33–51
	Reserved

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding


It is preferred that RAI signalling does not generate additional signalling, i.e. that it requires an additional uplink transmission for the UE, i.e. it is meant to save power. But it is possible that the UE does not have the “RAI info” when the last data is transmitted in the uplink or the last data is received in the downlink. 
Alternatively L1 signalling can be considered e.g. Scheduling Request (SR) / PUCCH transmissions. 
Proposal 2: RAI signalling should preferably be piggy-backed in existing signalling (L1/L2) and should not lead to additional transmissions.
In our view a single bit indicating that the UE does not expect more data to send or receive in the near future, and thus would like to be released, would be sufficient for RAI signalling. In our view the NAS RAI signalling using 2 bits is not justified for NR. The traffic cases in NB-IoT are more predictable compared to the NR traffic uses, and this type of RAI would be difficult for the UE to indicate: 
Proposal 3: Study single bit RAI info for NR.
dataInactivityTimer
In case the dataInactivityTimer is used to release the RRC connection autonomously then solutions are needed for the information that is normally conveyed in the release message, or restrictions need to be imposed on the use of the autonomous release:
· redirectedCarrierInfo 
· cellReselectionPriorities
· suspendConfig
· deprioritisationReq
· waitTime
When the UE is released to Inactive mode the suspendConfig must be included. The other IEs mentioned above are included on a need basis. Alternative signalling options have to be found for these features. So there is a basic problem to solve, when autonomous release for Inactive mode needs to be supported. Furthermore the functionality supported by the other IEs would need to be signalled in other signalling message, but should of course not lead to additional signalling, which would contradict the power saving purpose. Furthermore RAI signalling obsoletes the need for a timer-based release, i.e. in our view it is better to do an explicit release quickly, instead of waiting in cDRX for the autonomous timer to expire:
Observation 1: Inactive mode is not supported with autonomous release.
Observation 2: Autonomous release should not lead to additional signalling.
Observation 3: RAI signalling obsoletes the need for autonomous release.
Proposal 4: RAN2 does not study autonomous release using dataInactivityTimer further. 
Preferred RRC state
Transitions between Inactive and Connected mode are more efficient compared to transitions between Idle and Connected mode from a signalling perspective. To setup or resume a connection the number of RRC messages over the air interface is the same, however when coming from Idle mode typically there is security activation after connection establishment, and possible RRC reconfiguration. From a NW perspective it is more advantageous to keep the UEs that are very active in Inactive mode, and keep the UEs that generate less traffic in Idle mode. 
In case the gNB can store and retrieve a UE (traffic/transition) profile from the AMF, as discussed for UE differentiation [18,19], then the gNB could use that traffic profile to make a decision to release the UE to Idle or Inactive: 
Observation 4: In case the gNB can retrieve a traffic/transition profile of the UE the gNB can use that information to release the UE to Inactive or Idle mode.  
The RAN-based Notification Area (RNA) size may be different, e.g. smaller, compared the Tracking Area (TA). Therefore the UE may generate more RNA updates in Inactive mode, compared to TA updates in Idle mode, when the UE is roaming. In such case it might be beneficial for the UE to be in Idle mode. The RAN paging cycle might be configured shorter compared to the Idle mode DRX cycle to enable quicker transition to Connected mode:  
Proposal 5: RAN2 to study RRC state preference signalling (Inactive-preferred, Idle-preferred, no preference) from the UE to the gNB.
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RAN2 is kindly asked to discuss efficient transition to Idle and Inactive mode: 
Observation 1: Inactive mode is not supported with autonomous release.
Observation 2: Autonomous release should not lead to additional signalling.
Observation 3: RAI signalling obsoletes the need for autonomous release.
Observation 4: In case the gNB can retrieve a traffic/transition profile of the UE the gNB can use that information to release the UE to Inactive or Idle mode.  
Proposal 1: RAN2 to study Release Assistance Indication (RAI) signalling to assist RRC release.
Proposal 2: RAI signalling should preferably be piggy-backed in existing signalling (L1/L2) and should not lead to additional transmissions.
Proposal 3: Study single bit RAI info for NR.
Proposal 4: RAN2 does not study autonomous release using dataInactivityTimer further. 
Proposal 5: RAN2 to study RRC state preference signalling (Inactive-preferred, Idle-preferred, no preference) from the UE to the gNB.
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[bookmark: _GoBack]Connected mode is more power consuming compared to Idle and Inactive mode, where the UE is only required to monitor paging and perform Idle mode RRM measurements. Therefore it is power efficient when the UE can shorten the time spend in Connected mode, i.e. transit to Idle/Inactive mode when data transmissions are completed. It is beneficial if the UE can indicate to the gNB when it does not expect any more DL or UL data in the near future, and would like to be released. It is preferred if the UE can piggy-back this information, Release Assistance Information (RAI), in existing signalling. 
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