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1 Introduction

In RAN2#97bis, the following agreement was made [1]: 

Agreement

1
Aim to limit the number of RRC messages i.e. avoid introducing several messages with similar content/ similar procedural handling (details can be discusses when more progress has been made on the individual procedures)

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

Based on the agreement of alignment of RRC message across multiple procedures, in this contribution we discuss this alignment in more detail.  We do so in light of the current agreements made on the transition from RRC_INACTIVE to RRC_CONNECTED. 

2 Harmonization of Control Procedures & Messages
2.1 Basic Criteria for Harmonization

In RAN2#97bis, it was agreed to limit the number of RRC messages with similar content.  This limitation of RRC messages simplifies the RRC specification and also makes the connection control procedures uniform and well aligned.  The importance of such alignment and minimization of specification complexity is even more important in NR, now that we have agreed to have an additional RRC state: RRC_INACTIVE.  
The RRC specification can be simplified by merging similar connection control operations together into a single procedure.  When this is not convenient or possible, it can still be achieved by having different procedures utilize the same RRC messages, if the information required by each of these procedures is similar.  When performing a harmonization exercise for the different control procedures for NR, both means should be considered.

Observation 1:
Simplification of RRC specification can be achieved by either merging of procedures having similar function/UE behaviour, or use of same messages for different procedures. 

To simplify specification when merging procedures, the procedures should have the same or similar UE actions, behaviour, and results (e.g. in terms of SRB/DRB establishment, security, etc).  In addition, it would be ideal that the procedures also have the same UE states (both before and after the procedure) to avoid that specification of the procedure needs to differentiate different cases. When merging messages, however, the only important criteria is that there is consistency in the parameters which use the same messages.  Use of optional parameters (e.g. present for one procedure but not for another) can be used to maintain such consistency.

Observation 2:
Optional RRC parameters can be used to merge messages for different procedures when the parameters are needed in one procedure but not in the other. 

LTE supports separate procedures for connection establishment, resume, and reestablishment.  All of these procedures look very similar from the procedural perspective in RRC (e.g. they consist of a 3-step request, response, confirm).  
1. Connection establishment - used to establish an RRC connection and establish SRB1. 
2. RRC connection resume - used to re-establish a suspended RRC connection, resuming all suspended SRBs and DRBs.  
3. Reestablishment procedure - used to re-establish an existing RRC connection and involves the resumption of SRB1 operation as well as the re-activation of security and PCell configuration.  Reestablishment is initiated only when AS security is activated and upon RLF, or failures that occur in handover, mobility, integrity check, or RRC connection reconfiguration.
The above three procedures are expected to be supported in NR.  In addition, an additional procedure in NR is required which may be similar to the above:
4. RAN Location Area Update (RLAU) Procedure – used to inform the RAN when the UE moves to a different RAN Location area, or when the RAN periodic notification timer has expired.  
In the following subsections, we consider possible merging of the above procedures and messages associated with each.

2.2 Merging of RRC Connection Establishment with Other Procedures
The Connection Establishment procedure has a different initial state, i.e. RRC_IDLE, compared to each of the other procedures discussed above.  In LTE, the UE is expected to perform an initial security activation following connection establishment, which is not the case with any of the other procedures.  In addition, the UE context is not yet present in this procedure, which is not the case for any of the other procedures.  For these reasons, we think connection establishment should be specified as a different procedure in RRC.
Proposal 1 Connection Establishment Procedure is specified as a separate procedure (not merged with other RRC Procedures).

With respect to RRC messages, the RRCConnectionSetup and RRCConnectionSetupComplete messages for connection establishment can be used in the “resume” procedure for the case the NW is unable to locate the UE context.  Aside from this, the RRC connection request message will have little commonality with the request messages used in the other procedures.  For example, if the LTE baseline is adopted, the UE ID for connection establishment will be the S-TMSI or random value and no authentication token is included, compared to a RAN-allocated ID and authentication token allowing context fetch which is used for resume, RLAU and reestablishment.  
Proposal 2 The RRCConnectionRequest message used in Connection Establishment is not re-used in other procedures.     

2.3 Merging of the RLAU and Resume Procedures

Both RLAU procedure and “resume” procedure are initiated by a UE in RRC_INACTIVE.  Since both procedures require the UE to identify and authenticate itself so that the NW can fetch and update the UE context, the UE ID and authentication token used in the two procedures will be identical.  A common request message, differentiated only by the cause value, can therefore be used.
The UE behaviour for the two procedures is also quite similar.  As discussed in [3], a transition to RRC_CONNECTED is not required for the RLAU.  Once the NW receives a request message, the UE can either remain in INACTIVE (in case of a successful RLAU), or the NW can move the UE to IDLE (e.g. UE context not found).  These two options have already been agreed for the “resume” procedure.  
A further benefit to having a common procedure for RLAU and resume is that the network can use the RLAU or expiry of the RAN periodic timer to move the UE to RRC_CONNECTED in the case where DL data is available for the UE.  This would avoid having the network perform paging to move the UE to RRC_CONNECTED in some situations.  

Proposal 3 RLAU and Connection resume are specified using a common procedure with the same request message.  
2.4 Merging of the Resume and Reestablishment Procedures

The reestablishment procedure is similar to the “resume” procedure in that the UE provides a UE ID used by the NW to fetch the UE context (if necessary) to continue secure communication with the existing context.  There are, however, some important differences in the two procedures which would motivate that they be specified separately:
· The purpose of each procedure as well as their triggers are different, which may warrant a separate description in the RRC specification

· The reestablishment procedure includes a cell selection, which is not present in the “resume”.  If specified using a single procedure, the cell selection would need to be conditioned on what triggered the procedure.
· Reestablishment and resume are performed in different RRC states, and so the behaviour of the UE related to timers, radio bearers, and configurations may be different and warrant specification using separate procedural text

·  In LTE, reestablishment is used to reestablish only SRB1, while resume will re-establish both SRBs and DRBs.  Merging the two procedures would require that we change the modelling of reestablishment in LTE and allow the reestablishment message to reconfigure/re-establish the DRBs.  
Based on the above reasons, it would be best to keep the specification of these two procedures separate as in LTE.  Simplifying the specification by grouping common behaviour in the two procedures into a single section could instead be used. 

Proposal 4 Separate procedures for “Resume” and reestablishment are used with common behaviour captured in separate sections of the RRC specification.  

Possible merging of the messages used by the two procedures should also be considered.  The procedures use a similar request message which contains a UE ID, request cause, and authentication token.  The “resume” procedure uses a I-RNTI, which may need to be different in each resume procedure to avoid tracking the UE[4].  If the same ID were used in reestablishment, an RRC_CONNECTED UE would need to be configured with this ID at all times, in addition to the C-RNTI.  This would lead to some redundancy, given that we have already agreed to providing the UE ID during the transition from CONNECTED to INACTIVE.
Observation 3:
Use of a common UE ID for “resume” and reestablishment requires this ID to be always configured in the UE while in RRC_CONNECTED. 

Furthermore, although both request messages will have a cause field included, the possible values of the cause field will be different.  As a result, there seems to be little to be gained in having a common request message for “resume” and reestablishment. 
Proposal 5 Connection “resume” and reestablishment use separate request messages:  (RRCConnectionResumeRequest and RRConnectionReestablishmentRequest respectively) 

Regarding the response messages, some important security-related differences exist between these messages.  In LTE, the RRCConnectionReestablishment is not integrity protected and therefore sent over SRB0.  For NR, it was decided to send the “resume” message integrity protected and strive for sending it ciphered as well.  While it would be possible to send the RRCConnectionReestablishment message integrity protected, sending it ciphered would required provisioning of an NCC to the UE while in RRC_CONNECTED.  

Proposal 6 Different messages (sent on different SRB) are used for MSG4 in the “resume” and reestablishment procedures.   

The “resume” message, based on current agreements, bears more of a resemblance to a reconfiguration message. In LTE, the RRCConnectionReconfiguration message is used for reconfiguring a UE in RRC_CONNECTED.  The RRCConnectionResume message is used for resume procedure in LTE.  The contents of the RRCConnectionResume message are very similar to the RRCConnectionReconfiguration message.  Both messages contain identical dedicated radio resource configuration and measurement configuration IEs. In addition, both messages contain security control information elements in different forms (NCC vs entire security algorithm configuration).  One obvious evidence of this similarity was that both messages were updated in the same fashion to support bearer harmonization in EN-DC. 
Observation 4:
In LTE, the RRCConnectionReconfiguration message and the RRCConnectionResume message have similar contents. 

MSG4 for the state transition from RRC_INACTIVE to RRC_CONNECTED was agreed to be sent over SRB1, and to optionally include the dedicated radio resource configuration.  A reconfiguration while in RRC_CONNECTED in NR will also be sent over SRB1.  Given this, there is no need for two different messages to perform a similar task over SRB1.  In the case there are certain IEs which are specific only to one of the procedures (e.g. parameters related to synchronous reconfiguration) these can be made optional and included only in the procedure they are needed for.
Proposal 7 The RRCReconfiguration message is used as the message to allow the UE to transition from RRC_INACTIVE to RRC_CONNECTED   

During a “resume” where the NW decides to keep the UE in RRC_INACTIVE as a result of a RLAU, the UE may be reconfigured with new INACTIVE state configuration.  A similar reconfiguration of the UE will also be required when the UE is transitioned from RRC_CONNECTED to RRC_INACTIVE.  It would seem most consistent to model a the transition from RRC_CONNECTED to RRC_INACTIVE the same as keeping a UE in RRC_INACTIVE following a “resume” request or RLAU.  As a result, a common message should be used in the two cases.

Since such a “suspend” may come from a different cell than the one which the UE was previously configured on, the network may also need or choose to reconfigure radio parameters or security parameters.  Instead of having the INACTIVE state configuration as separate IEs in a message dedicated for suspending the UE, it would be cleaner to embed it in a reconfiguration message that could cover all the cases.  
Proposal 8 The RRCReconfiguration  message is used to keep the UE in RRC_INACTIVE following a “resume” request for RLAU  and to move the UE from RRC_CONNECTED to RRC_INACTIVE. 

If a common message is used for reconfiguration and transition from RRC_CONNECTED to RRC_INACTIVE, an indicator should be included in the message for the suspend case.  

Proposal 9 The RRCReconfiguration message contains an indication to signal a state transition. 
3 Conclusion
In this contribution the following observations we made related to harmonization of connection control procedures/messages:

Observation 1:
Simplification of RRC specification can be achieved by either merging of procedures having similar function/UE behaviour, or use of same messages for different procedures. 

Observation 2:
Optional RRC parameters can be used to merge messages for different procedures when the parameters are needed in one procedure but not in the other. 

Observation 3:
Use of a common UE ID for “resume” and reestablishment requires this ID to be always configured in the UE while in RRC_CONNECTED. 

Observation 4:
In LTE, the RRCConnectionReconfiguration message and the RRCConnectionResume message have similar contents. 

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

Proposal 10 Connection Establishment Procedure is specified as a separate procedure (not merged with other RRC Procedures).

Proposal 11 The RRCConnectionRequest message used in Connection Establishment is not re-used in other procedures.     

Proposal 12 RLAU and Connection resume are specified using a common procedure with the same request message.  

Proposal 13 “Resume” and reestablishment procedures are specified separately in the RRC specification with common behaviour captured in separate section(s).  

Proposal 14 Connection “resume” and reestablishment use separate request messages:  (RRCConnectionResumeRequest and RRConnectionReestablishmentRequest respectively) 

Proposal 15 Different messages (sent on different SRB) are used for MSG4 in the “resume” and reestablishment procedures.   

Proposal 16 The RRCReconfiguration message is used as the message to allow the UE to transition from RRC_INACTIVE to RRC_CONNECTED   

Proposal 17 The RRCReconfiguration  message is used to keep the UE in RRC_INACTIVE following a “resume” request for RLAU  and to move the UE from RRC_CONNECTED to RRC_INACTIVE. 

Proposal 18 The RRCReconfiguration message contains an indication to signal a state transition. 
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