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1. Introduction
At RAN2#92 [1] and [2] were technically endorsed for the introduction of the proposed Autonomous State Transition (AST) feature as part of the work Item for L2/L3 Downlink enhancements for UMTS. 

In this paper we discuss a number of new behaviours which [2] introduces which deviate from existing RRC Reconfiguration procedure norms and in doing so additionally introducing additional network impact and a new RACE condition which we feel need further consideration. 

We highlight that this behaviour could be eradicated by the simple application in part of the new Retrievable Configurations feature being proposed in [3] & [4], and which is incorporated in [2] for configuring the AST feature.   
2. Discussion
Autonomous State Transition is based on the UE utilising a stored configuration for a particular state transition as a valid source to target RRC state transition for the UE to follow on reception of the RLC-ACK  resulting from the successful delivery of the RRC: SIGNALLING CONNECTION RELEASE INDICATION (SCRI) message to the network. For any particular UE source (current) RRC state the network would configure the UE with only one target RRC state transition e.g. CELL_DCH -> CELL_FACH, CELL_FACH -> CELL_PCH or alternatively CELL_DCH -> CELL_PCH, but a UE cannot be configured with both CELL_DCH -> CELL_FACH and CELL_DCH -> CELL_PCH.

Observation: only one target state may be stored per UE RRC source state.

At the point of time that the state transition pairing is configured for a UE the configuration needs to be checked as a valid configuration. As the UE will apply the configuration at some unknown time in the future, and without receiving any further configuration command, it will not be possible for it to be rejected at that time in the future. 

Observation: The target UE RRC state configuration is checked at time of configuration and not at time of activation.

At the time the state transition is activated a number of other network scenarios may exist, however the network will have no immediate opportunity to alter the UE behaviour if it no longer suits the network.

For example if the network has a limitation on the total number of UEs in a cell that may be in CELL_PCH at any one time, and if the number of UEs in the cell begins to approach that number then the network needs to take a specific action to control the autonomous transition for a number of devices which may transition to CELL_PCH state in that cell and possibly neighbouring cells. This could be done by reconfiguring the stored source RRC state to target state configurations to not include a battery efficient CELL_PCH state, or by reconfiguring a number of UEs already in CELL_PCH to IDLE. 

Observation: in case of a system limit the network needs to re-dress all UE configurations which may become unsupportable for a number of UEs simultaneously rather than as and when an individual UE requests a state transition to a more efficient UE RRC battery state.

Alternatively at the time the network receives the SCRI message and is aware of impending downlink data, the network will need to delay the transmission of the data, as it now knows that UE will be in the middle of a reconfiguration to the target RRC state. 
Observation: the network is not able to control the UE state transition at the specific time that the UE invokes the transmission of the SCRI message. 

The delay must be sufficiently long (see figure 1) that the network is sure the RLC-ACK is delivered successfully and that the UE has completed the pre-configured state transition before it can attempt to signal UE in regard to the impending downlink data. It should be borne in mind that the UE may be in a PCH sate and may first need paging in order to complete an RRC reconfiguration in order to send the data. 
This should be compared to the existing REL-8 procedure wherein for impending downlink data the network would simply ignore the SIGNALLING CONNECTION RELEASE INDICATION message and continue with any appropriate signalling and transmission procedures to complete the data transmission. 

Observation: the network needs to implement an additional check and implement a sufficient delay for any impending downlink data transmission in the case of overlapping or colliding reception of the SIGNALLING CONNECTION RELEASE INDICATION message from the target UE. 

In addition this new feature may introduce a new RACE condition. If the network wants to initiate a reconfiguration towards the UE around the same time the UE invokes the autonomous state transition there is a chance the network signalling is not acted upon or is even lost, see figure 1.

 

Figure 1. Near simultaneous network initiated RRC reconfiguration and Autonomous State Transition procedures

1. The network initiates a procedure, such as radio bearer reconfiguration, and transmits the RRC reconfiguration message to the UE.

2. In the meantime, the UE initiates the autonomous state transition and triggers the transmission of an RRC: SIGNALLING CONNECTION RELEASE INDICATION (SCRI) message using RLC-AM. The UE sets the variable ORDERED_RECONFIGURATION variable to TRUE to avoid overlapping reconfigurations.
3. The RRC reconfiguration message arrives at the UE after the UE has invoked the autonomous state transition, and the UE has set the ORDERED_RECONFIGURATION variable to TRUE. The UE must discard the message if it receives it or it may not be able to receive it if it has already started the state transition and changed the physical channel configuration. 

The network now is waiting for RLC-ACK and is expected to initiate an RLC retransmission sequence of the RRC message if it is not received. It is uncertain depending on the physical layer configuration at the time of the message arrival as to whether the UE receives the message, and triggers the RLC-ACK towards the network.
4. In the meantime the network receives the SCRI, and issues the RLC-ACK for the message. Despite having triggered an RRC reconfiguration the network must accept the SCRI message, terminate the initiated RRC reconfiguration procedure and ensure any ongoing RLC activities relating to that message transmission are successfully terminated. 

5. The network must now also invoke a sufficiently long delay before initiating any follow on procedure towards the UE, as to allow the UE to successfully complete the autonomous state transition.

Observation: a new RACE condition is introduced which subsequently requires additional network complexity and procedural delay in order to ensure successful system behavior.  

3. Alternative approach

The solution being proposed for autonomous state transmission is based on the understanding that a UE RRC reconfiguration confirmation message is no longer required for state transitions towards battery efficient states at the time of the state transition. However, the ability for a network to remain in control of the UE state transition at the specific time that the UE transmits the SIGNALLING CONNECTION RELEASE INDICATION message is now removed. 
Observation: a UE RRC reconfiguration confirmation message is no longer required for state transitions towards battery efficient states

Whilst it is recognised that one advantage of the solution in [2] is the reduction of traffic related to the subsequent state transition, as described above the cost to the network is complexity as well as a possible delay in data delivery in the case of concurrent RRC procedures initiated by the network and the UE.

An alternative approach [5] was proposed in RAN2#91bis and further refined in [6] in RAN2#92, whereby a single small RRC reconfiguration confirmation message was sent from the network on reception of the RRC: SIGNALLING CONNECTION RELEASE INDICATION message, to confirm the target state transition. This has several advantages over the endorsed proposal not least that any network initiated reconfiguration as described above would be completed in accordance with network intentions at the actual time the procedure is invoked. 
Additionally any intended target state transition would not be limited to a single UE source RRC state to target RRC state pairing. The simple enhancement as presented in [6] & [7], further amends the mechanism being proposed for retrievable configurations [4] to not require the RRC reconfiguration complete message to be sent if the reconfiguration is sent by the network in response to receiving a SIGNALLING CONNECTION RELEASE INDICATION message. This is consistent with the proposal in [2], and would help reduce the network traffic relating to state transitions following the sending of a SIGNALLING CONNECTION RELEASE INDICATION message as well as maintain the network control for signalling the UE RRC reconfiguration. 

In addition the existing handling of the validity checks for the reconfiguration message can be maintained (i.e. as checked at the time of application of state change), compared to the new complexity introduced in [2]. 
As such we propose that RAN adopts the 25.331 CR in [7] which uses a slightly enhanced application of the retrievable configuration specifically for the purpose of autonomous state transition. In doing so the UE sends a much shorter RRC reconfiguration confirmation message consisting of a simple reference to a retrievable reconfiguration identifier. In addition it should be noted that the impact of the CR in regards to asn.1 changes is minimal in comparison to the CRs for approval in [4].

Proposal: RAN#70 approves the enhanced retrievable configuration proposal captured in [7] as the solution for implementation of the autonomous state transition feature.

4. Conclusions and recommendations

Proposal: RAN#70 approved the enhanced retrievable configuration proposal captured in [7] as the solution for implementation of the autonomous state transition feature.
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