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1
Introduction

After the RAN#71 meeting, a new SI was agreed [1], with the main objective of developing a new radio access technology. As also captured in [2], one of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. During the RAN2#93bis meeting, several proponents brought discussion papers sharing their view on design principles for allowing fast data transmission, including more detailed views on a potential new state and its characteristics. After the RAN2#94 meeting, RAN WG2 made an agreement to introduce a new "RAN controlled" state that is characterized by at least "UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state".  
During the NR#1 Ad-hoc meeting RAN2 captured a number of agreements concerning the NR RRC state machine and potential state transitions. However, for a number of state transition cases only high level agreements were made. In this discussion paper we elaborate further on details of several cases outlining potential advantages and drawbacks.
2
RRC state machine

In this section we provide a high level overview of the NR RRC state machine with possible transitions between the RRC states. It should be noted that RAN WG2 has not concluded yet on how to model the INACTIVE state (further considerations can be found in [3]), so hence for the sake of simplicity we will assume that it is modeled as an independent RRC state.
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Figure 2-1: NR RRC state machine.
As already mentioned in the Introduction part, RAN2 has already made a decision that the following state transition cases should be supported:

-
from IDLE to CONNECTED, and from CONNECTED to IDLE;

-
from CONNECTED to INACTIVE, and from INACTIVE to CONNECTED;

-
from INACTIVE to IDLE.

In the following section we elaborate further on signaling details of every state transition indicating how it can be accomplished and how many RRC messages it might require. 
3
RRC state transition signaling procedures
3.1
CONNECTED<->IDLE signaling procedures

For the RRC state transitions between the CONNECTED and IDLE states, RAN2 has already made an agreement that a three-step handshake procedure will be used. It is of course should be discussed and decided during the WI phase whether we use the same RRC messages as for the LTE – RRCConnectionRequest, RRCConnectionSetup, RRCConnectionSetupComplete – or different names are taken if some RRC messages are unified and/or used for multiple purposes.
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Figure 3.1-1: Signaling procedure for state transition from IDLE to CONNECTED.
As for the CONNECTED to IDLE, in principle a single RRC message should be sufficient as in the UMTS and LTE technologies. However, it was already discussed in LTE that a single "release" message could result in UE state mismatch, for which a more reliable solution might be needed. If it turns out that for the robustness reasons the two-step handshake process is more beneficial, then we can introduce some form of the "complete" response message for the release procedure. Furthermore, we can also consider unifying this case with transition from CONNECTED to INACTIVE, and always rely upon the RRCConnectionReconfiguration and RRCConnectionReconfigurationComplete messages. 
Proposal 1a: As a baseline, the RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).
Proposal 1b: Consider unifying CONNECTED to IDLE "release" procedure with state transition from CONNECTED to INACTIVE.
3.2
CONNECTED<->INACTIVE signaling procedures

State transition from CONNECTED to INACTIVE may follow the same principles as in e.g. UMTS, in which the reconfiguration message with the state indicator is used to trigger transition to a particular state. It should be noted that for the LTE Light Connection WI there was a decision to rely upon the RRCConnectionRelease message, which was partially motivated by alignment with the NBIoT/CIoT framework. Nevertheless, for the NR system our view is that it is better to rely upon the reconfiguration message as it has the complete response, making the overall framework more robust (refer to Figure 3.2-1). 
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Figure 3.2-1: Signaling procedure for state transition from CONNECTED to INACTIVE.

One of the main reasons for having a two-step handshake procedure for moving a UE to the INACTIVE state is to avoid potential state mismatch between the UE and the network, which will be very crucial in case of CONNECTED and INACIVE state. As the INACTIVE state will offer much better power saving options, it is highly anticipated that networks will move UEs more aggressively there, for which it is important to ensure that both communication sides have an unambiguous understanding on the current state. Another technical reason for having the reconfiguration/complete framework for this state transition is to allow for potential feature activation/deactivation/change while moving a UE to INACTIVE. Even though we do not anticipate that all the CONNECTED mode features will be also applicable in INACTIVE, we do believe that the network might change some higher level UE context parameters (as it already happens in UMTS networks while moving a UE from CELL_DCH to CELL_FACH). Furthermore, as RAN2 studies data transmission in the INACTIVE state, there could be some common features and functional aspects between INACTIVE and CONNECTED, which can be re-configured differently for different states.

Proposal 2a: RRC state transition from CONNECTED to INACTIVE follows the two-step procedure (e.g. reconfiguration and complete).
As for the transition back from INACTIVE to CONNECTED, several approaches can be investigated. The baseline procedure could be the same one as in the NBIoT/CIoT framework, i.e. the UE sends some request message, in response to which the network either commands to proceed (or asks a UE to establish a new RRC connection). Figure 3.2-2 below shows the mobile-terminated call, in which for the sake of simplicity we use exactly the same RRC message names as in LTE NBIoT/CIoT. The mobile originated call would look exactly the same but there would be no RRC paging message from the network side. 
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Figure 3.2-2: Signaling procedure for state transition from INACTIVE to CONNECTED.

As can be seen from Figure 3.2-2, if we rely upon same principles as in the LTE NBIoT/CIoT framework, then there will be three RRC messages exchanged between the UE and the network every time a UE would move from INACTIVE to CONNECTED. As a result, if the network relies upon a strategy of moving aggressively a UE to the INACTIVE state, then it could cause a noticeable RRC signaling overhead. 
It is worth noting that it should be sufficient to have just two RRC messages – request and response – to enable state transition from the INACTIVE to the CONNECTED state. The matter is that as long as a UE stays within the same RAN paging area, we can assume that cells/DUs in that RAN paging area can have the same baseline physical channel configuration. It means that a response message from the network can be construed as a "proceed" indication, which does not necessarily provide a new physical channel configuration and thus for which no "complete" indication is expected.
 Of course, if a UE moves out of the RAN paging area, then it will send the corresponding indication which can trigger the network to provide a different physical channel configuration, if so needed. 
Figure 3.2-3 below illustrates two-step procedure to move from INACTIVE to CONNECTED. It should be noted that it does not exclude a possibility to have a three-step procedure as depicted in Figure 3.2-2 in case the network decides to provide a different physical channel configuration.
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Figure 3.2-3: Signaling procedure for state transition from INACTIVE to CONNECTED.

It should be also investigated further whether the NR system will be capable of performing INACTIVE to CONNECTED state transition only with one RRC message, as for instance it is already done today in UMTS for the seamless transition to CELL_FACH. 
Proposal 2b: As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete).
Proposal 2c: As an optimization, RRC state transition from INACTIVE to CONNECTED can follow two-step and/or one-step procedure. 

It is worth noting that there are several ongoing discussions in RAN WG2 regarding data transmission in the INACTIVE state with transition to the full CONNECTED mode. From that perspective, Proposals 2a-2c above do not out-rule a possibility to have more advanced schemes, but rather just outline the baseline approach when a UE moves to the full CONNECTED mode. 
3.3
INACTIVE->IDLE signaling procedures

Referring back to Figure 2-1, it shows a direct transition from the INACTIVE to IDLE state. Firstly, there can be various error cases whereupon a UE loses its context and/or re-sorts for re-establishing its RRC connection and the AS context. From that perspective we do also believe that a UE should be allowed to perform such a recovery procedure by going to the IDLE state from INACTIVE [4-7]. In addition to that, there is a normal RRC connection release procedure triggered by the network internal RRM mechanisms, as also proposed in [5]. Even though we can assume that a UE with no user plane activity will be kept in the INACTIVE state for a long period of time, we cannot assume that the network will keep UEs infinitely in that state; neither can we enforce such network behaviour. Furthermore, even though the network in principle can remove the UE context without informing the UE and ask it to establish a new connection upon the next connection attempt, as contemplated in [6], we do not think that it will be the most efficient way to run the whole system as the UE will need more time to resume its connection. In addition to that, functionality of certain potential features, such as data transmission in INACTIVE, will require the network to keep the UE context, and as a result the network will still resort for sending an explicit indication to release the UE RRC connection. 

The baseline procedure for moving a UE from INACTIVE to IDLE could be so that a UE is paged, and then once it sends the RRC message (e.g. RRCConnectionResumeRequest) to the network, the latter sends an explicit RRCConnectionRelease in response. However, as can be seen from the Figure 3.3-1 below, it would involve a non-trivial number of exchanged RRC messages just to move a UE from one power efficient state to another.
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Figure 3.3-1: Signaling procedure for the baseline transition from INACTIVE to IDLE.

One of the solutions to minimize the number of RRC messages is to adopt a new cause value to the RRC paging message which would indicate a UE to release its connection, as also mentioned in [7]. It should be noted that such a solution already exists in the UMTS specification, but it is somewhat unreliable as there is no "response" from the UE. In other words, when the network issues the paging message with the "release" command, the latter does not know whether a UE has received that paging message and as a result how it can be reached. Thus, a safer approach would be to consider an option when a UE just sends one RRC "confirmation" message avoiding the full handshake scheme, as shown in Figure 3.3-2. If the network receives a response from the UE, it will know that a UE has received the paging and is going to release its connection; otherwise the network may consider re-sending the paging message.
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Figure 3.3-2: Signaling procedure for optimized transition from INACTIVE to IDLE.

Proposal 3a: As a baseline, RRC state transition from INACTIVE to IDLE follows three-step procedure (paging, request/confirmation, release).

Proposal 3b: As an optimization, RRC state transition from INACTIVE to IDLE follows two-step procedure (paging+release, request/confirmation).  
4 Conclusion
In this discussion paper we have presented our considerations on the NR RRC state machine, possible state transitions and related RRC signaling. As a summary of our discussion paper we propose: 
Proposal 1a: As a baseline, the RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).
Proposal 1b: Consider unifying CONNECTED to IDLE "release" procedure with state transition from CONNECTED to INACTIVE.
Proposal 2a: RRC state transition from CONNECTED to INACTIVE follows the two-step procedure (e.g. reconfiguration and complete).
Proposal 2b: As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete).
Proposal 2c: As an optimization, RRC state transition from INACTIVE to CONNECTED can follow two-step and/or one-step procedure.
Proposal 3a: As a baseline, RRC state transition from INACTIVE to IDLE follows three-step procedure (paging, request/confirmation, release).

Proposal 3b: As an optimization, RRC state transition from INACTIVE to IDLE follows two-step procedure (paging+release, request/confirmation).
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� Such an approach is already used in the UMTS system when a UE sends the CELL UPDATE message. If the network responds with the CELL UPDATE CONFIRM message that does not change any physical channel parameters, no further messages are sent. Otherwise, a UE sends the PHYSICAL CHANNEL CONFIGURATION COMPLETE message as a successful indication for new physical channel parameters.





