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1 Introduction

In RAN2#98, the following agreements were made on Connection Control Procedures [1]: 

Agreements:

1
The RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).

2
The RRC state transition from CONNECTED to INACTIVE follows one step procedure 
3
As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete). (3 steps from the Request message, i.e. not including any paging). Continue to discuss a 2 step procedure for the state transition if it can be used for all cases

4
As a baseline, network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE. 

Agreements for the case that the UE wants to transition from INACTIVE to CONNECTED

1
Initial UE RRC message from RRC_INACTIVE (e.g. MSG3) should be sent on SRB0

2
In case the RAN is successful in retrieving and verifying the UE context, MSG4 should be integrity protected and sent on SRB1

3
RAN2 aim that in case the RAN is successful in retrieving and verifying the UE context, MSG4 should be ciphered and sent on SRB1

FFS Whether there may be cases where message where the MSG4 cannot be ciphered.

4
If the UE received a resume message on MSG4 on SRB1 then the UE enters RRC Connected.

4a
If the UE received a message suspending the UE on MSG4 on SRB1 then the UE remains in RRC Inactive.

FFS In case the RAN is not successful in retrieving or verifying the UE context, MSG4 (can be at least be a message that requests the UE to trigger a new connection) will be sent on SRB0

FFS Whether MSG 4 can be a reject to idle. 

FFS When the UE receives in MSG4 on SRB0 then the UE releases at least the AS security context and UE NAS layer should be informed.

In RAN2 #99bis, the following agreements were made on Connection Control Procedures

Agreements

1
A UE in INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB0 (without Integrity protection) to move the UE back into INACTIVE (i.e. rejected with wait timer).

2
INACTIVE related parameters/configuration should not be updated by a MSG4 sent over SRB0 (as it is a non-protected message).

3
A UE in INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE back into INACTIVE (i.e. not rejected). (RNA update use case)

4
The MSG4 (i.e. not rejected) of agreement 3 can configure at least the same parameters as can be configured by the message that moves the UE to inactive (e.g. I-RNTI, RNA, RAN DRX cycle, periodic RNAU timer, redirect carrier frequency, for inactive mode mobility control information or reselection priority information). (security framework are to be discussed independently)

5
A UE in INACTIVE, trying to resume the RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE into IDLE.

5.1
This MSG4 (i.e. SRB1 release to IDLE) can carry same information as RRC Connection release kind of message (e.g. priority, redirect information, idle mode mobility control information, cause and idle mode re-selection information).

6
UE in INACTIVE, trying to resume an RRC connection, cannot receive MSG4 sent over SRB0 (without Integrity protection) to move the UE into IDLE to stay in IDLE (i.e. not precluding use of fallback to RRC Connection Establishment).

While the details of the state transitions agreed so far are similar to those in LTE, the presence of RRC_INACTIVE as a new state in NR should be considered more carefully.  In this contribution, we discuss the possible need for a timer-based transition from RRC_CONNECTED to RRC_INACTIVE. 
2 Transition from CONNECTED to INACTIVE
Mobile traffic today is tending more towards an “always connected” model where small application-level transmissions such as notifications and location updates are sent periodically and/or sporatically.  With such a model of traffic, the use of a low-power state such as RRC_INACTIVE where data transmissions can be performed with minimal signalling (AS and core network) will become important.

RRC_INACTIVE in NR will also reduce the latency associated with moving from a low power consumption UE state to fully connected.  NR has requirements for control plane latency (10ms) and latency for small packet transmissions (10 seconds for 20bytes), which both assume a “battery efficient” state as the starting point [3].  Since a number of applications/services in NR will rely on these requirements, RRC_INACTIVE will be used more frequently and for more registered UEs than RRC_IDLE.
Observation 1:
RRC_INACTIVE state will be used heavily in comparison with RRC_IDLE.

NR will also need to support the mMTC use case.  In this use case, a large number of connected devices will need to make use of RRC_INACTIVE to maintain low power consumption operation to meet 10-15 year battery life requirements [3].  Since these devices may have to move to RRC_CONNECTED and then back to RRC_INACTIVE only to transmit/receive a small amount of data, a large portion of the transmission/reception for these devices will be state transition signalling.  This signalling includes not only the 3-step activation procedure agreed thus far, but also the single step (release-like) transition from RRC_CONNECTED to RRC_INACTIVE where the UE needs to transmit an acknowledgement to the release/inactivation message.  
Observation 2:
Support of mMTC use case will result in a large percentage of NW signalling and UE power consumption associated to RRC signalling for state transition 
State mismatch problem in LTE was observed and discussed as of RAN2#95bis.  In short periods of fading, the RRC connection release message can fail even with RLC retransmissions but the UE may recover and not trigger RLF [2].  In this case, the UE continues to behave as an RRC_CONNECTED UE even though the network has released the UE and considered it to be RRC_IDLE.
Since a single step procedure for transition from RRC_CONNECTED to RRC_INACTIVE will be used for NR, UEs may experience state mismatch where a UE which is believed by the NW to be in RRC_INACTIVE could behave as though it is in RRC_CONNECTED.  This could lead to the same error conditions which were observed for LTE state mismatch.  It could also be a concern for power consumption of mMTC UEs. 

Observation 3:
State mismatch due to missing the suspend/inactivation message lead to the same error cases observed for LTE state mismatch and can affect power consumption of UEs being suspended to INACTIVE

One way to avoid the signalling and UE power consumption associated with suspend/inactivation signalling, as well as the issues of state mismatch, is to allow such state transition to occur without signalling and following some period of inactivity.  The UE may start/restart an inactivity timer at each reception/transmission of data in RRC_CONNECTED and when the timer expires, the UE moves to RRC_INACTIVE.  Such timer was exactly the solution agreed to deal with the state mismatch problem in LTE.  As long as both the UE and the network maintain the timer, the state remains synchronized between the two and there is no confusion.  In addition, the network may choose to configure such behaviour so it is utilized only for the UEs/services where state transition signalling may be an impact. 
Proposal 1 The UE may transition from RRC_CONNECTED to RRC_INACTIVE following a period of inactivity, if configured by the network. 

The ideal value of the timer will depend on the nature of the traffic/service of a particular UE.  It should therefore be possible for the network to configure the duration of the timer so that it can be adjusted to the expected duration of connected mode transmissions and power consumption requirements of the UE.  
Proposal 2 The duration of the inactivity period is configurable by the network. 

LTE DRX uses an inactivity period to determine whether/when a UE performs reduced monitoring of PDCCH.  DRX will likely also be adopted for NR.  It will therefore be necessary that the inactivity monitoring for transition from RRC_CONNECTED to RRC_INACTIVE can coexist with DRX and the configured DRX cycle.  One example would be to have both DRX and inactivity monitoring to be configured simultaneously, and have the UE transition to RRC_INACTIVE only following a number of DRX cycles without transmission.  Another option would be for the NW to configure only inactivity monitoring but not DRX for a particular UE.  
Proposal 3 RRC_CONNECTED to RRC_INACTIVE state transition should coexist with Connected mode DRX. 
3 Conclusion
In this contribution the following observations we made related to state transition between RRC_CONNECTED and RRC_INACTIVE:
Observation 1:
RRC_INACTIVE state will be used heavily in comparison with RRC_IDLE.

Observation 2:
Support of mMTC use case will result in a large percentage of NW signalling and UE power consumption associated to RRC signalling for state transition 

Observation 3:
State mismatch due to missing the suspend/inactivation message lead to the same error cases observed for LTE state mismatch and can affect power consumption of UEs being suspended to INACTIVE

Based on the above observations, the following conclusions have been made.

Proposal 4 The UE may transition from RRC_CONNECTED to RRC_INACTIVE following a period of inactivity, if configured by the network. 

Proposal 5 The duration of the inactivity period is configurable by the network. 

Proposal 6 RRC_CONNECTED to RRC_INACTIVE state transition should coexist with Connected mode DRX. 
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