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1 Introduction

In RAN2 #98, the following agreements were made related to Connection Control [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 #99, the following agreements were made [2]:

Agreements

1.
For IDLE to CONNECTED RRC transition, a 3-step RRC procedure is used.

2.
For IDLE to CONNECTED RRC transition, RRC Connection Request kind of message is sent over SRB0 carried by RACH MSG3.

3.
For a failure to establish an RRC connection (e.g. due to congestion conditions) RRC Connection Reject kind of message is sent over SRB0 carried by RACH MSG4.

4
For a successful establishment of an RRC connection during the IDLE to CONNECTED RRC transition, RRC Connection Setup kind of message is sent over SRB0 carried by RACH MSG4.

5
For a successful establishment of an RRC connection during the IDLE to CONNECTED RRC transition, RRC Connection Setup Complete kind of message is sent over SRB1 carried by MSG5.

6
RRC Connection Request kind of message includes UE identity and establishment cause.

6.1
Some form of relation is foreseen between the access categories and establishment causes; details are FFS.

FFS if MSG3 also could also include other information e.g. NAS message, 5G CN node selection, UE capability of supporting high frequency, the access category indicating a type of services or other information sent over MSG5.

7.
RRC Connection Reject kind of message includes the wait time.

FFS redirect information 

FFS Value range of wait time.

FFS Whether to include frequency/RAT deprioritisation information.

8
RRC Connection Setup kind of message includes dedicated radio resource configuration for SRB1.

9.
RRC Connection Setup Complete kind of message includes 5CN node selection information and dedicated NAS PDU (except if they were sent in MSG3 in the case that the FFS from Proposal 6.2.1 were to be agreed).

10.For CONNECTED to IDLE RRC transition, the RRC Connection Release kind of message is used and is sent over SRB1

FFS whether the same RRC message is used for the RRC transition from CONNECTED to IDLE and from CONNECTED to INACTIVE.

11.
RRC Connection Release kind of message can include release cause information, redirect carrier frequency and idle mode mobility control information.

12.
For INACTIVE to CONNECTED RRC transition, RRC Connection Resume Request kind of message is sent over SRB0 carried by RACH MSG3.

FFS whether to have a common message/procedure for INACTIVE to CONNECTED RRC transition, RAN location area update (RLAU), re-establishment and for IDLE to CONNECTED transition.

13.
For INACTIVE to CONNECTED RRC transition, when RAN successfully retrieves and verifies the UE context, RRC Connection Resume kind of message is sent over SRB1 carried by RACH MSG4 with at least integrity protection to resume the RRC connection and, if required, dedicated radio resource configuration.

FFS NR security framework for INACTIVE UEs.

15.
For INACTIVE to CONNECTED RRC transition, when RAN successfully retrieves and verifies the UE context, MSG5 is RRC Connection Resume Complete kind of message over SRB1.

FFS whether this MSG5 can be omitted in some case

16.
For INACTIVE to CONNECTED RRC transition, when RAN cannot successfully retrieve and verify the UE context, RRC Connection Setup kind of message (same as used in agreement 8) is sent over SRB0 (which would enable a fallback to establish a new RRC connection similar to Rel-13 LTE).

17.1.
For case described 16, the UE releases the AS security context, as well as, AS context related configurations kept while in INACTIVE.

17.2.
For case described 16, the UE AS informs the UE NAS of a fallback to establish a new RRC connection due to a failure while resuming resulting in a NAS Service Request message to establish a new connection.

21.
RRC Connection Resume Request kind of message includes UE identity (or UE context identity), establishment (or resume) cause information and UE's security information (e.g. authentication token).

FFS if MSG3 also could also include other information

22.
RRC Connection Resume kind of message can optionally include the dedicated radio resource configuration 

FFS: Whether RRC Connection Resume Complete includes NAS PDU, 5CN node selection information (e.g. selected PLMN identity or NSSAI)

26
For CONNECTED to INACTIVE RRC transition, a RRC Connection Release kind of message is used and is sent over SRB1 (as described in proposal 10).

27
For CONNECTED to INACTIVE RRC transition, the RRC Connection Release kind of message includes (a) the same information as listed in proposal 11 (i.e. cause information, redirect carrier frequency and mobility control information), and can include (b) UE identity (or UE context identity), and optionally (c) suspension/inactivation indication (FFS if implicitly or explicitly), (d) RAN configured DRX cycle, (e) RAN periodic notification timer, and (f) RAN notification area.

29.
In the following cases the UE releases the UE context, UE AS informs UE NAS

29.1.
Case (b) upon failure of resume procedure (including the RAN update case);

FFS Whether this applies in all cases of failure of resume procedure

29.2.
Case (d) upon reselecting to other RAT; 

29.3.
Case (e) upon reception of CN initiating paging; 

In RAN2 #99bis, the following agreements were made [5]:

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).

In this contribution, we discuss some open issues on the Connection Control Procedure.
2 Open Issues on Connection Control Procedure 
2.1 Radio Parameter Reconfiguration
During transition from RRC_INACTIVE to RRC_CONNECTED, the network may decide keep the UE in RRC_INACTIVE state through a message “rejecting” the UE following initial transmission of MSG3 on SRB0.  Such decision may be based, for example, on congestion or network policy.  
In RAN2#99bis, it was agreed that for the case of RLAU, the UE could receive MSG4 on SRB1, and this message could contain a number of INACTIVE state parameters (e.g. RAN DRX cycle). In addition to parameters specific to RRC_INACTIVE, it should also be possible to update the UEs dedicated radio resource configuration even though it is being kept in RRC_INACTIVE.  For instance, when moving to a different gNB or different RNA, the configuration of radio resources (e.g. RACH resources, beam-related resources, etc) may need to be change and such updated parameters should be applied on subsequent attempts by the UE to “resume”.  Finally, when support for data transmission in RRC_INACTIVE is added, such reconfiguration will also need to be supported. 

Proposal 1:
During INACTIVE to CONNECTED state transition, the message keeping the UE in INACTIVE state using SRB1 can contain, if required, dedicated radio resource configuration.
As observed in our companion contribution [4], we believe it would be best to model the “suspend” using SRB1 during a “resume” operation the same as a direct transition from RRC_CONNECTED to RRC_INACTIVE, and therefore utilize the same message.  In addition, RAN2 also had discussions on whether the same RRC message should be used for the transition from RRC_CONNECTED to RRC_INACTIVE as the transition from RRC_CONNECTED to RRC_IDLE, and the following is still open based on the FFS in RAN2#99: 

· FFS whether the same RRC message is used for the RRC transition from CONNECTED to IDLE and from CONNECTED to INACTIVE.

Given the RRC_CONNECTED to RRC_INACTIVE transition requires radio reconfiguration, while the RRC_CONNECTED to RRC_IDLE is closer to a release in LTE (where dedicated radio resources are not included) we prefer to have these two transitions occur using different messages.

Proposal 2:
A different RRC message is used for the RRC transition from RRC_CONNECTED to RRC_IDLE and from RRC_CONNECTED to RRC_INACTIVE.

2.2 On the Need for MSG5 

The use of a 3-step procedure for the transition from RRC_INACTIVE to RRC_CONNECTED has been agreed as a baseline.  The possibility of supporting a 2-step procedure, however, is still open, based on the following FFSs from RAN2#98 and RAN2#99 respectively:
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

FFS whether this MSG5 can be omitted in some case

In LTE, a 3-step procedure was required for the resume operation because a short MAC-I is transmitted in the RRCConnectionResumeRequest message.  Full authentication therefore required transmission of MSG5, integrity protected with the full MAC-I.  In addition, since the NCC in LTE is provided in the RRCConnectionResume message from the network, MSG5 is required to confirm proper generation of the new key by the UE.  Finally, MSG5 can be used by the UE to confirm proper reconfiguration of radio parameters which may be provided in the RRCConnectionResume.  As a result, for the RRC_INACTIVE to RRC_CONNECTED state transition in NR, MSG5 could be omitted in some cases (i.e. no reconfiguration of radio parameters requiring confirmation by the UE) as long as MSG3 uses the full MAC-I, and the UE already has the NCC to use while it is in RRC_INACTIVE.    

Observation 1:
If NCC is provided in suspend message, and UE sends full MAC-I, MSG5 may not be needed in certain cases.
The reestablishment procedure has a similar effect of fetching and restoring the UE context, which may be found in another gNB from the one in which the procedure is initiated.  Common to restablishment and transition from RRC_INACTIVE to RRC_CONNECTED, reinitiating the context in another node, particularly with a different PDCP anchor point, requires a change in security keys.  For the reestablishment case, providing the UE with the proper NCC prior to the initiation of the reestablishment may not be feasible because the gNB would need to regurlarly pole the core network policy regarding the need to change {NH, NCC}.  As a result, the reestablishment case should work as in LTE, and the UE should transmit MSG5. 

Proposal 3:
At least for RRC Connection Reestablishment case, the UE always transmits MSG5.
For the RRC_INACTIVE to RRC_CONNECTED state transition, the potential benefits of avoiding MSG5 is UE power savings, reduction of network signalling, and reduction of latency.  The significance of these benefits, and whether specifying a different procedure from the baseline 3-step procedure, will depend on the specific use case.  In particular, in the eMBB use case where a transition to RRC_CONNECTED generally results in the UE remaining connected to transmit a large amount of data, omitting transmission of MSG5 will result in very little signalling and power consumption benefits.  In addition, any benefits in latency can be removed for this use case as well, if we later support early data transmission (MSG3 or MSG5).

On the other hand, for the cases where the UE briefly moves to RRC_CONNECTED (e.g. to transmit a small amount of data) or remains in RRC_INACTIVE (e.g. the RLAU procedure or case of suspend to INACTIVE), there is a greater relative benefit from reducing the required number of signalling transitions.  In addition, the case of small data transmissions will likely be addressed later with the introduction of data transmissions while remaining in RRC_INACTIVE, in which case, the need to fully transition to RRC_CONNECTED to transmit a small amount of data will be removed.     
Observation 2:
Omitting MSG5 has clear benefis on UE power consumption and NW signalling for case of RLAU, suspend to INACTIVE, and small data transmissions.

Since data transmission in RRC_INACTIVE will likely not be considered for release 15, we can therefore use a unified procedure for the case of full transition to RRC_CONNECTED since the benefit of two separate procedures is limited.  When data transmission in RRC_INACTIVE, and during the transition from RRC_INACTIVE to RRC_CONNECTED is considered in future releases, enhancements can be made to remove MSG5 for that case if needed.
Proposal 4:
During a transition from RRC_INACTIVE to RRC_CONNECTED in Rel-15, MSG5 is always transmitted.  When data transmission in INACTIVE is considered, the procedure can be rediscussed for possible enhancements. 
For the RLAU and the suspend to INACTIVE, there are clear benefits to omit MSG5, assuming that reconfiguration (e.g. radio parameters, security parameters) are not performed and therefore do not require UE confirmation.  In this case, we think it would be worthwhile to consider a two-step procedure where MSG5 is not transmitted.

Proposal 5:
For RLAU and suspend to INACTIVE, allow MSG5 to be omitted at least for cases where the UE is not provided with a new radio/security configuration.
2.3 Resume Failure Procedure
At RAN2#99, cases for the direct (UE autonomous) transition from RRC_INACTIVE to RRC_IDLE were discussed and the following agreement was taken.
29.
In the following cases the UE releases the UE context, UE AS informs UE NAS

29.1.
Case (b) upon failure of resume procedure (including the RAN update case);

FFS Whether this applies in all cases of failure of resume procedure

In LTE, timer T300 is used for connection establishment and resume procedures.  The timer is started at the transmission of the connection request or resume request, and the UE falls back to IDLE, while informing the upper layers, upon expiry of this timer (without successful response from the NW).

For NR, transition from RRC_INACTIVE to RRC_CONNECTED resulting from UL/DL data to be transmitted should use the same behaviour as LTE (i.e. based on a timer) so that the network can control how long the UE should wait for a response before it informs the upper layers of the failure in order to take alternate action.

In the case of periodic RLAU, the UE and the network maintain a periodic timer.  It is assumed that the failure to perform a periodic RLAU following expiry of such a timer would result in the network to delete the UE’s context.  As a result, there would also be no need to deviate from the agreed behaviour also for this case. 

Proposal 6:
A timer (T300) is initiated at transmission of a “resume” request, and stopped upon response from the network (successful “resume”, “suspend”, or RRCConnectionSetup-like message).

Proposal 7:
For transition from RRC_INACTIVE to RRC_CONNECTED and periodic RLAU, the UE releases the UE context and informs NAS upon expiry of the timer. 

For RLAU resulting from movement to another RAN area, a failed RLAU is not critical and may not warrant notifying the NAS in this case.  Specifically, the UE may later reselect to a different cell in which case the RLAU would be successful.  In this case, the UE can restart the timer (T300) and potentially retry the RLAU.  The details of the procedure would need to be further discussed, but could consist of either periodic retries of the RLAU procedure, or retrying the procedure only when reselection to a different cell occurs.
Proposal 8:
For RLAU triggered by a change in RNA, the UE retries RLAU following T300 expiry, and does not inform the NAS.  Details of RLAU retries are FFS.
3 Conclusion

In this contribution the following observations we made the connection control procedures for a UE in RRC_INACTIVE:
Observation 1:
If NCC is provided in suspend message, and UE sends full MAC-I, MSG5 may not be needed in certain cases.

Observation 2:
Omitting MSG5 has clear benefis on UE power consumption and NW signalling for case of RLAU, suspend to INACTIVE, and small data transmissions.

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

Proposal 1:
During INACTIVE to CONNECTED state transition, the message keeping the UE in INACTIVE state using SRB1 can contain, if required, dedicated radio resource configuration.

Proposal 2:
A different RRC message is used for the RRC transition from RRC_CONNECTED to RRC_IDLE and from RRC_CONNECTED to RRC_INACTIVE.

Proposal 3:
At least for RRC Connection Reestablishment case, the UE always transmits MSG5.

Proposal 4:
During a transition from RRC_INACTIVE to RRC_CONNECTED in Rel-15, MSG5 is always transmitted.  When data transmission in INACTIVE is considered, the procedure can be rediscussed for possible enhancements. 

Proposal 5:
For RLAU and suspend to INACTIVE, allow MSG5 to be omitted at least for cases where the UE is not provided with a new radio/security configuration.
Proposal 6:
A timer (T300) is initiated at transmission of a “resume” request, and stopped upon response from the network (successful “resume”, “suspend”, or RRCConnectionSetup-like message).

Proposal 7:
For transition from RRC_INACTIVE to RRC_CONNECTED and periodic RLAU, the UE releases the UE context and informs NAS upon expiry of the timer. 

Proposal 8:
For RLAU triggered by a change in RNA, the UE retries RLAU following T300 expiry, and does not inform the NAS.  Details of RLAU retries are FFS.
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