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1	Introduction
In NR, the UE RRC states were agreed to consist of RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED [1]. The following was captured into the TR:
[bookmark: _Toc476249000]5.5.2	UE states and state transitions
RRC supports the following three states which can be characterised as follows:
-	RRC_IDLE:
-	Cell re-selection mobility;
-	[FFS:	The UE AS context is not stored in any gNB or in the UE;]
-	Paging is initiated by CN;
-	Paging area is managed by CN.
-	RRC_INACTIVE:
-	Cell re-selection mobility;
-	CN – NR RAN connection (both C/U-planes) has been established for UE;
-	The UE AS context is stored in at least one gNB and the UE;
-	Paging is initiated by NR RAN;
-	RAN-based notification area is managed by NR RAN;
-	NR RAN knows the RAN-based notification area which the UE belongs to;
-	RRC_CONNECTED:
-	The UE has an NR RRC connection;
-	The UE has an AS context in NR;
-	NR RAN knows the cell which the UE belongs to;
-	Transfer of unicast data to/from the UE;
-	Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
NOTE 1:	How to model RRC_INACTIVE in the specification will be decided in the work item phase.
Figure 5.5.2-1 illustrates an overview of UE state machine and state transitions in NR. A UE has only one RRC state in NR at one time.


Figure 5.5.2-1:	UE state machine and state transitions in NR
NOTE 2:	It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 3:	It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE
Paging operation details for the NR RRC_IDLE and RRC_INACTIVE state are specified in 10.1.1.2.
The following state transitions are supported between the aforementioned RRC states (as also presented in Figure 5.5.2-1):
-	from RRC_IDLE to RRC_CONNECTED, following the "connection setup" procedure (e.g. request, setup, complete);
-	from RRC_CONNECTED to RRC_IDLE, following (at least) the "connection release" procedure;
-	from RRC_CONNECTED to RRC_INACTIVE, following the "connection inactivation" procedure;
-	from RRC_INACTIVE to RRC_CONNECTED, following the "connection activation" procedure;
-	from RRC_INACTIVE to RRC_IDLE.
NOTE 4:	Number of steps for each RRC procedure and the corresponding RRC message will be decided in the work item phase.
2	CP procedures
2.1	RRC_IDLE to RRC_CONNECTED
RRC_IDLE to RRC_CONNECTED procedure requires UE of identifying itself as well as telling the RAN about the selected PLMN and potentially CN entity related information. Furthermore, it likely involves NAS level signalling as in LTE to convey, for instance, the service request. Given that this information amount is in many cases likely too much for RACH Msg3 to convey, we see it necessary the connection setup procedure follows the 3-steps defined in LTE. This is to let the initial Request message from the UE to be rather small (e.g., carry UE identity and establishment cause) and be able to carry the rest of the required information in the 3rd message, ie., Setup Complete. This is depicted in the following Figure 1.


Figure 1. RRC connection setup, successful
It should be noted the gNB may reject the UE request, e.g., based on the establishment cause in the request message, this is depicted in the Figure 2.


Figure 2. RRC connection setup, unsuccessful
Proposal 1: For RRC_IDLE to RRC_CONNECTED state transition the 3-step connection setup procedure is applied consisting of RRCConnectionRequest, RRCConnectionSetup, and RRCConnectionSetupComplete messages. 
Proposal 2: NG-RAN may reject the UE RRC connection setup attempt by RRCConnectionReject message.
2.2	RRC_INACTIVE to RRC_CONNECTED
During RRC_INACTIVE to RRC_CONNECTED state transition, the UE AS context is stored in the NG-RAN (at least one gNB) and the UE. Hence, the security context is also available which can be advanced, e.g., for the direct data transmission from the RRC_INACTIVE state. However, if the UE resumes its RRC connection to the different gNB that stored the UE context, the encryption keys need to be changed. This could be done reactively (e.g., provide a new NCC (TBD for NR) in the Resume message by the new gNB) or proactively (e.g., provide a new NCC during the “connection inactivation” procedure). The latter method could potentially supress the need for the Resume Complete message by the UE as the keystream verification could be done even from the first Resume Request message by the UE.
On the other hand, the 3-step procedure benefits of being able to multiplex more CP data into the 3rd Resume Complete message if such is needed. Thus, it should be discussed whether 2- or 3-step approach is introduced for the RRC_INACTIVE to RRC_CONNECTED state transition procedure – this may depend also on the selected security procedure.
Proposal 3: RRC_INACTIVE to RRC_CONNECTED state transition consists of at least RRCConnectionResumeRequest and RRCConnectionResume messages and potentially the RRCConnectionResumeComplete message.
2.3	RRC_CONNECTED to RRC_IDLE
RRCConnectionRelease message is used in LTE to release/suspend the UE RRC connection without requiring the UE to confirm the release message explicitly by a response RRC message – the procedure relies on RLC ARQ feedback as well as a timer in the UE after which the UE is allowed to release the connection even though RLC status report would have not reached the eNB. Furthermore, in Release 14 an inactivity timer was specified and upon expiry of the timer, the UE is allowed to enter RRC_IDLE mode to protect the system for possible RRC mismatch. To preserve maximal energy efficiency for the UE, the 1-step principle seems to be well suited to be used also for directing UE to RRC_IDLE in NR. The signalling is depicted in the Figure 3.


Figure 3. RRC connection release, successful
Proposal 4: 1-step RRCConnectionRelease principle is used for RRC_CONNECTED to RRC_IDLE state transition.
2.4	RRC_CONNECTED to RRC_INACTIVE
As discussed above, RRCConnectionRelease message is used in LTE for suspending the UE connection. This could be a potential option to be used for the ‘connection inactivation’ procedure since the energy efficiency as stated above. However, the RRC_INACTIVE is seen more configurable state from the LTE RRC suspension, for instance, by means of RAN notification area configuration as well as data transmission capability in the RRC_INACTIVE state. This could require RRCConnectionRelease message to be widely extended for RRC_INACTIVE purposes along with the RRC_IDLE purposes. Hence, it should be discussed whether to apply RRCConnectionRelease message for both state transitions or whether to introduce a new RRC message for RRC_CONNECTED to RRC_INACTIVE state transition.
Proposal 5: 1-step ‘connection inactivation’ principle is used for RRC_CONNECTED to RRC_INACTIVE state transition.
Proposal 6: Discuss whether to use RRCConnectionRelease message for ‘connection inactivation’ or introduce a new RRC message solely for that purpose.
In case of MO  data transmission in RRC_INACTIVE, UE would initiate transition to RRC_CONNECTED state with regular state transition procedure. Although data transmission as such is downprioritized in the NR WID there is no reason to not allow the data to be multiplexed along with the RRCConnectionResumeRequest and possibly some sort BSR (if grant allows) 
Observation: There is no need to limit multiplexing MAC CE/U-plane data in the first uplink message (RRCConnectionResumeRequest). 
If the gNB does not intend to move the UE to RRC_CONNECTED, e.g., when all the data has been transmitted, it should be able to ‘inactivate’ the RRC connection in response to the resume request.
Proposal 7:  The gNB can decide whether to establish the RRC Connection or “inactivate” the connection after UL data transmission in RRC_INACTIVE
2.5	RRC_INACTIVE to RRC_IDLE
RRC_INACTIVE to RRC_IDLE state transition is basically seen as error scenario handling where, for instance, NG-RAN cannot resume the UE previous context upon resume procedure directing the UE to the RRC_IDLE mode. Furthermore, the UE could enter the RRC_IDLE from RRC_INACTIVE upon not being able to select a suitable cell but enters to Any Cell Selection state. However, UE context storing inside the NG-RAN (even for very long times) is not seen problematic and hence no special signalling procedure needs to be introduced for directing UE from RRC_INACTIVE to RRC_IDLE state by NG-RAN. This can be based on UE request for resuming the connection and gNB rejecting it.
Proposal 8: No special signalling procedure is introduced for NG-RAN to release the UE to RRC_IDLE.
Proposal 9: RRCConnectionResumeRequest – RRCConnectionReject procedure is used for directing UE to RRC_IDLE upon RRC resume procedure.
2.6	Initial security activation
Since the AS security context is not enabled when RRC connection does not exist, ie., there is neither stored UE context in the NG-RAN – RRC_INACTIVE, the security activation needs to be supported. The similar SecurityModeCommand – SecurityModeComplete procedure as used in LTE can be adopted also for NR – this is depicted in Figure 4.


Figure 4. Security mode activation, successful
In case UE is unable to configure the security based on the SMC by the network, it shall indicate a failure in security activation to the network.
Proposal 10: SecurityModeCommand – SecurityModeComplete/SecurityModeFailure signaling procedure is applied for activating the AS security during RRC connection establishment.
2.6	RRC Connection Reconfiguration
RRC connection configuration shall be able to be reconfigured based on the network decision, furthermore, it should always be initiated by the network – UE could provide assistance information to help network decision. RRC connection reconfiguration procedure as depicted in the Figure 5 can be used.


Figure 5. RRC connection reconfiguration, successful
Proposal 11: Adopt the RRCConnectionReconfiguration – RRCConnectionReconfigurationComplete signalling procedure for reconfiguring RRC connection for the UE.
2.7	RRC Connection Re-establishment
RRC connection will need to support re-establishment upon error scenarios, like Radio Link Failure, Handover Failure, or RRC Connection Reconfiguration Failure. For this purpose, LTE supports RRC connection re-establishment procedure where the UE context may be resumed from the same or different eNB [2]. However, as discussed above, for NR we will need very similar procedure for locating UE context and resuming the RRC connection upon RRC_INACTIVE to RRC_CONNECTED state transition. 
Considering the LTE principle of using the C-RNTI and PCI of the previous cell as UE ID to locate the UE context inside the network upon re-establishment, this gives quite limited opportunities in re-establishing the UE context, e.g., due to PCI confusion issue. The UE ID to be used in RRC_INACTIVE shall be more unique identifying better the network node where the UE context is located as well as the UE context there. Hence, it is considered that the ‘resume identity’ should be used also in case of RRC connection re-establishment in NR – at the same time the same RRC procedure as used for RRC_INACTIVE to RRC_CONNECTED state transition can be adopted for this purpose. This will require network to provide the UE with the ‘resume identity’ immediately after the RRC connection setup.
Proposal 12: Use the signalling procedure to be specified for RRC_INACTIVE to RRC_CONNECTED state transition for the RRC connection re-establishment procedure applying the ‘resume identity’ as UE ID.
3	Conclusions
In this paper we discussed various basic signalling procedures needed for RRC connection control and came to following conclusions and proposals:
Proposal 1: For RRC_IDLE to RRC_CONNECTED state transition the 3-step connection setup procedure is applied consisting of RRCConnectionRequest, RRCConnectionSetup, and RRCConnectionSetupComplete messages. 
Proposal 2: NG-RAN may reject the UE RRC connection setup attempt by RRCConnectionReject message.
Proposal 3: RRC_INACTIVE to RRC_CONNECTED state transition consists of at least RRCConnectionResumeRequest and RRCConnectionResume messages and potentially the RRCConnectionResumeComplete message.
Proposal 4: 1-step RRCConnectionRelease principle is used for RRC_CONNECTED to RRC_IDLE state transition.
Proposal 5: 1-step ‘connection inactivation’ principle is used for RRC_CONNECTED to RRC_INACTIVE state transition.
Proposal 6: Discuss whether to use RRCConnectionRelease message for ‘connection inactivation’ or introduce a new RRC message solely for that purpose.
Observation: There is no need to limit multiplexing MAC CE/U-plane data in the first uplink message (RRCConnectionResumeRequest). 
Proposal 7:  The gNB can decide whether to establish the RRC Connection or “inactivate” the connection after UL data transmission in RRC_INACTIVE
Proposal 8: No special signalling procedure is introduced for NG-RAN to release the UE to RRC_IDLE.
Proposal 9: RRCConnectionResumeRequest – RRCConnectionReject procedure is used for directing UE to RRC_IDLE upon RRC resume procedure.
Proposal 10: SecurityModeCommand – SecurityModeComplete/SecurityModeFailure signaling procedure is applied for activating the AS security during RRC connection establishment.
Proposal 11: Adopt the RRCConnectionReconfiguration – RRCConnectionReconfigurationComplete signalling procedure for reconfiguring RRC connection for the UE.
Proposal 12: Use the signalling procedure to be specified for RRC_INACTIVE to RRC_CONNECTED state transition for the RRC connection re-establishment procedure applying the ‘resume identity’ as UE ID.
References
[1] 3GPP TR 38.804, Study on New Radio Access Technology; Radio Interface Protocol Aspects
[2] 3GPP TS 36.331, Radio Resource Control (RRC)



image1.emf
 

NR 

RRC_CONNECTED 

NR          

RRC_IDLE 

Connection 

establishment/release 

NR      

RRC_INACTIVE 

FFS/Connection 

inactivation 

FFS 


Microsoft_Word_Document.docx
FFS

Connection establishment/release

FFS/Connection inactivation

NR      RRC_INACTIVE

NR RRC_CONNECTED

NR          RRC_IDLE




image2.emf
 

RRCConnectionSetup  

RRCConnectionRequest  

UE   NG - RAN  

RRCConnectionSetup Complete  


oleObject1.bin


RRCConnectionSetupComplete







NG-RAN







RRCConnectionRequest







RRCConnectionSetup







UE












image3.emf
 

RRCConnectionReject  

RRCConnectionRe quest  

UE   NG - RAN  


oleObject2.bin


NG-RAN







RRCConnectionRequest







RRCConnectionReject







UE












image4.emf
 

RRCConnectionRelease  

UE   NG - RAN  


oleObject3.bin


NG-RAN







RRCConnectionRelease







UE












image5.emf
 

SecurityModeComplete   or SecurityModeFailure  

SecurityModeCommand  

UE   NG - RAN  


oleObject4.bin


NG-RAN







SecurityModeCommand







SecurityModeComplete or SecurityModeFailure







UE












image6.emf
 

RRCConnectionReconfigurationComplete  

RRCConnectionReconfiguration  

UE   NG - RAN  


oleObject5.bin


NG-RAN







RRCConnectionReconfiguration







RRCConnectionReconfigurationComplete







UE












