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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#98, the following agreements were made on Connection Control Procedures [2]: 

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.

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
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 procedures 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 (specifically those of connection establishment, reestablishment, and resume), both means should be considered.

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

2.1 Merging of Establishment, Resume, and Reestablishment Procedures

LTE supports separate procedures for connection establishment, resume, and reesblishment.  
1. Connection establishment - used to establish an RRC connection and establish SRB1. 
2. RRC connection resume - used to re-establish an existing 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 occur in handover, mobility, integrity check, or RRC connection reconfiguration.
The above three procedures are expected to be supported in NR.  While each of the procedures has several similarities such as the number of signalling messages and some of the parameters transferred, the purpose or function of each procedure is quite different.  In addition, for NR, the UE state where each procedure is applicable will be different.  The UE behaviour and outcome of each procedure is also quite different.  For instance, resume procedure will re-establish all SRBs and DRBs, while re-establishment will only re-establish SRB1.  Finally, different NW responses and procedural steps are possible depending on the procedure.  For instance, the resume procedure may support a fallback to initial RRC establishment that is unique to resume.
While specifying UE behaviour in the RRC specification for each of these using a single procedure may have some benefits in terms of specification size, it will become cumbersome to understand and maintain the specifications in such a case due to these basic differences.  While it may be possible to use common messages for these procedures, possibly making use of optional parameters to account for differences, the specification of the procedures themselves should at least be separated in RRC as a baseline. 
Proposal 1 Separate procedures are used to specify UE behaviour for Connection Establishment, Connection Resume, and RRC re-establishment in NR RRC.   

2.2 Harmonization of Connection Control Messages

The request messages for each of the three procedures above have some commonality in that they all contain a UE ID and cause field.  The resume request additionally contains an authentication token, however, such parameter could be specified as optional if the messages were to be merged.
On the other hand, the UE ID are different for each of the request messages in LTE.  In connection establishment, the UE ID is an S-TMSI or random value, while in resume and reestablishment, the ID is used to locate the UEs context in the network.  Even in this case, the resume ID can have a different area of validity compared with PCI+C-RNTI used for reestablishment.  Finally, the cause value for re-establishment are different than those for establishment and resume.  It is expected that the same conclusions can be made also for NR.  As a result, there would be little re-use in combining any of these messages compared with separating them in the NR specifications. 

Proposal 2 Connection establishment, connection resume, and re-establishment use separate request messages:  (RRCConnectionRequest, RRCConnectionResumeRequest, RCConnectionReestablishmentRequest, respectively) 

The RRC response message associated with RRCConnectionSetup and RRCConnectionReestablishment messages, are both sent over the same SRB (SRB0), and could possibly be combined.  Both these messages contain a dedicated resource configuration for the UE.  In addition, since both messages will cause establishment of only SRB1, they will likely have a common treatment of the resource configuration parameters by the UE and extensions will likely apply to both procedures.  We can therefore utilize a single message for these.
Proposal 3 A single RRC response message is specified for Connection Establishment and Connection Re-establishment procedures – RRCConnectionSetup. 

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).
Observation 2:
In LTE, the RRCConnectionReconfiguration message and the RRCConnectionResume message are similar. 

MSG4 for the state transition from RRC_INACTIVE to RRC_CONNECTED was agreed to be sent over SRB1.  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. handover specific information) these can be made optional and included only in the procedure they are needed for.
Proposal 4 The RRCConnectionReconfiguration message is used as the message to allow the UE to transition from RRC_INACTIVE to RRC_CONNECTED   

Following a “resume” request, the network may decide to keep the UE in RRC_INACTIVE rather than allowing it to transition to RRC_CONNECTED.  This may happen in the case of cell congestion, or may be required for the case of a RAN Location Area Update, as discussed in our companion contribution [3].  In both cases, the suspend may come from a different cell than the one that initially placed the UE in RRC_INACTIVE state and so reconfiguration of the UE may also be needed in this case.  For instance, the NW will need to reconfigure at least the DRX cycle, RAN area, and resume ID (or equivalent ID for RRC_INACTIVE).  The network may also need or chose to reconfigure radio parameters or security parameters.  
A similar reconfiguration will be required when the UE is transitioned from RRC_CONNECTED to RRC_INACTIVE, since the UE needs to be provided with an RRC_INACTIVE configuration.  We should therefore model a the transition from RRC_CONNECTED to RRC_INACTIVE the same as keeping a UE in RRC_INACTIVE following a “resume” request.  Instead of having the INACTIVE state configuration as separate IEs in a new message, it would be cleaner to embed them in a reconfiguration message.  
Proposal 5 The RRCConnectionReconfiguration message on SRB1 is used to move/keep the UE in RRC_INACTIVE  
The RRCConnectionReconfiguration message, in order to instruct the UE to move/stay in RRC_INACTIVE, should therefore contain an explicit state indication. Additionally, to avoid immediate retries to move to RRC_CONNECTED, a wait time may be used.  
Proposal 6 The RRCConnectionReconfiguration message may contain a state transition indication. 
Proposal 7 The RRCConnectionReconfiguration message may contain a wait time.  The UE can only retry to “resume” upon expiration of the wait time.   

3 Conclusion
In this contribution the following observations we made related to harmonization of connection control procedures/messages:

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

Observation 2:
In LTE, the RRCConnectionReconfiguration message and the RRCConnectionResume message are similar. 

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

Proposal 8 Separate procedures are used to specify UE behaviour for Connection Establishment, Connection Resume, and RRC re-establishment in NR RRC.   

Proposal 9 Connection establishment, connection resume, and re-establishment use separate request messages:  (RRCConnectionRequest, RRCConnectionResumeRequest, RCConnectionReestablishmentRequest, respectively) 

Proposal 10 A single RRC response message is specified for Connection Establishment and Connection Re-establishment procedures – RRCConnectionSetup. 

Proposal 11 The RRCConnectionReconfiguration message is used as the message to allow the UE to transition from RRC_INACTIVE to RRC_CONNECTED   

Proposal 12 The RRCConnectionReconfiguration message on SRB1 is used to move/keep the UE in RRC_INACTIVE  

Proposal 13 The RRCConnectionReconfiguration message may contain a state transition indication. 

Proposal 14 The RRCConnectionReconfiguration message may contain a wait time.  The UE can only retry to “resume” upon expiration of the wait time.   
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