3GPP TSG-RAN WG2 Meeting #92
R2-156130
Anaheim, US, 16 – 20 November 2015

Agenda item:

11.1.5
Source:
Nokia Networks

Title:
Further considerations for the autonomous state transition 
1
Introduction
After the RAN#65 meeting, a new Rel-13 HSPA Study Item was agreed aiming at DL enhancements and in particular at “investigating mechanisms to enhance downlink signalling performance on overhead and latency, especially for the case of RRC state transition and parameter updating.” After RAN#69 meeting, the “L2/L3 enhancements for UMTS” WI was extended with a few new objections, one of which is the “State transition enhancements. Identified solution is based on RRC layer handshake”.   

In this discussion paper we repeat our general considerations with regards to how autonomous state transition can be accomplished and provide more implementation details.   
2
Autonomous state transition 
2.1 General concept
As already presented during the RAN2#89 meeting and captured in TR 25.706, during the working days the overall number of fast dormancy requests generated by UEs could reach 14 millions. Even during the weekends the overall number of requests remains quite high reaching 6 million indications. A typical network reaction to a “fast dormancy” request is to re-configure a UE (immediately) to a more power efficient state e.g. from CELL_DCH to CELL_FACH. As can be seen from Figure 1, it results in a number messages exchanged between a UE and RNC, mostly due to the fact that RNC has to send explicitly RADIO BEARER RECONFIGURATION message (RLC ACKs are not shown for the sake of clarity).
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Figure 1: A “fast dormancy” request followed by a legacy reconfiguration.

To reduce the number of signalling messages exchanged between a UE and RNC, one could adopt a simple solution that after a UE sends the “fast dormancy” SCRI message, it transits to a more power efficient state as shown in Figure 2 below. Comparing Figure 1 and Figure 2, one can see a noticeable gain in the number of saved messages. Instead of three RRC messages (with the RLC ACKs), we can reduce it to one SCRI message (with the RLC ACK).  
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Figure 2: A "fast dormancy" request followed by an autonomous state transition.
During the RAN2#91bis meeting there was also a proposal to adopt a framework in which the network would send the SCRI CONFIRM message in response to reception of the SCRI indication from a UE. As discussed and expressed during the meeting, such an approach would result in two RRC messages exchanged between a UE and the RNC, which in terms of the number of exchanged message would be identical to a legacy reconfiguration procedure depicted in Figure 3 below, whereupon the RNC reconfigures a UE upon expiry of its own internal inactivity timer. Of course, one can argue that when compared to the number of messages exchanged in Figure 1, we still save one RRC message. On the other hand, the overall saving is less when compared to Figure 2 when only one SCRI message is transmitted.
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Figure 3: Legacy reconfiguration procedure based on the RNC inactivity timer.

Proposal 1: Adopt autonomous state transition framework when a UE sends only the SCRI message. 
Referring back to Figure 2, a few potential sub-options for the autonomous state transition were presented during the RAN2#91bis, which are summarized in Table 1 below. With option 1, a UE sends the SCRI message as per legacy behaviour and if the autonomous state transition is configured by RNC, a UE will move to a power efficient state. Option 2 is functionally based on option 1, but also introduces an additional inactivity timer thus allowing the RNC to control how fast/aggressive a UE can trigger the SCRI indication for the autonomous state transition. It should be noted that if the inactivity timer is set to zero (or absent), then option 2 effectively becomes option 1 i.e. a UE is free to decide when to send the SCRI message. 

Table 1: Summary of autonomous state transition options
	Legacy “fast dormancy”
	Legacy “fast dormancy” +

autonomous state transition

(option 1)
	Inactivity timer +

autonomous state transition 

(option 2)

	NW enables SCRI request
	NW enables SCRI request with autonomous state transition
	NW enables autonomous state transition and explicit inactivity timer

	UE sends the SCRI request

	NW explicitly reconfigures the UE
	UE moves to a more efficient power state


Proposal 2a: Adopt autonomous state transition without explicit inactivity timer as a functional baseline. 

Proposal 2b: Discuss a possibility to introduce inactivity timer that will control when the UE is allowed to send the SCRI message.
2.2 Implementation details

At the moment, if a UE detects or receives an indication from upper layers that there is no user plane data, a UE includes IE "Signalling connection release indication cause" and sets it to the value “UE requested PS data session end”. On the one hand, it is possible to keep the same cause value for the autonomous state transition. Since the network knows which UE was pre-configured with the autonomous state transition information, the RNC will in principle know whether a particular UE will or will not move to a more power efficient state. On the other hand, for the sake of robustness and to avoid any potential state mismatches, it could be beneficial to have an explicit cause value set by the UE so that RNC knows what a UE will do next.
Proposal 3: Discuss whether a new cause value is needed for the SCRI message indicating autonomous state transition.
Similar to other features, RAN2 should discuss in which messages the network should be able to provide configuration information for the autonomous state transition. At the moment, our view is that we can limit impact to the RRC messages and confine autonomous state transition configuration to CELL UPDATE CONFIRM and RADIO BEARER RECONFIGURATION. Furthermore, it should be decided which message a UE should send in response to CELL UPDATE CONIRM containing autonomous state configuration. Following the same line of thinking, it could be RADIO BEARER RECONFIGURATION COMPLETE.  
Proposal 4a: Autonomous state transition configuration can be provided in RADIO BEARER RECONFIGURATION and CELL UPDATE CONFIRM messages.

Proposal 4b: If a UE receives autonomous state transition configuration in CELL UPDATE CONFIRM, it shall respond with RADIO BEARER RECONFIGURATION COMPLETE message.
Since autonomous state transition is triggered by the UE, after which it will move to the more power efficient state, there could be various race conditions and/or conflicting actions taken by both sides. Here, we present an analysis of the most typical scenarios elaborating on how they can be prevented and handled following existing principles:
· The network initiates another reconfiguration procedure after reception of the SCRI message. Since the RNC knows that a UE was configured with autonomous state transition, it of course should not initiate another reconfiguration procedure. Even if it occurs, then we can take an approach that once a UE sends the SCRI message, it sets internal variable ORDERED_RECONFIGURATION to TRUE. Thus, any attempt to initiate another reconfiguration process will be rejected by a UE following existing rules in TS 25.331.
· The network initiates reconfiguration procedure just before reception of the SCRI message (race condition). This case be handled in the same way as above i.e. a UE would reject it because ORDERED_RECONFIGURATION is set to TRUE.
· Autonomous state transition during ongoing reconfiguration. Theoretically speaking, this situation can occur if a UE internal inactivity timer does not account for the SRB activity. In other words, the UE send the SCRI message because of no activity on the DTCH channel, while some data is being exchanged over DCCH. One way to handle this situation is to adopt a general approach that autonomous state transition cannot be initiated by a UE if internal variable ORDERED_RECONFIGURATION is set to TRUE.

As a summary of the aforementioned scenarios, the following rules can be adopted: 
Proposal 5a: When a UE submits the SCRI message, it sets internal variable ORDERED_RECONFIGURATION to TRUE, which is reset when a UE moves to the target state.

Proposal 5b: A UE shall not submit the SCRI message if internal variable ORDERED_RECONFIGURATION is set to TRUE.
As a final discussion point, it should be discussed whether a UE should validate autonomous state configuration upon its reception in the RRC message or upon its “activation”. As discussed earlier in RAN2, at least for the retrievable configurations companies preferred an approach that a particular retrievable configuration is validated upon “activation”. One of the reasons for such a decision was a fact that a particular full or partial configuration can be evaluated only when a UE knows the context in which it is going to be applied. As for the autonomous state transition, the context is already known, and thus a UE can in principle validate it immediately. As an example, if a UE does not support enhanced DL/UL for CELL_FACH, but it receives autonomous state configuration for CELL_DCH to CELL_FACH transition with dedicated RNTIs, it can be rejected as invalid one. In turn, a UE can send back to RNC the RADIO BEARER RECONFIGURATIO FAILURE message. 

An alternative approach would be to validate configuration upon activation, but it may just complicate things. As an example, if a UE sends the SCRI message intending to perform state transition, but it fails to apply configuration for the target state, then RAN2 should define clear rules on the UE behaviour in this case. Otherwise, the RNC may assume that a UE has successfully moved to the next state, whereas the UE stays in the same state.
Proposal 6a: Validation of the autonomous state transition configuration is done when it is received in the RRC configuration message.

Proposal 6b: If a UE rejects autonomous state configuration, it should send RADIO BEARER RECONFIGURATION FAILURE response message for the RRC message, in which the autonomous configuration was received.
3
Conclusions

In this discussion paper we have presented our further considerations concerning autonomous state transition feature and its implementation details. As a summary of our paper, we propose:
Proposal 1: Adopt autonomous state transition framework when a UE sends only the SCRI message. 

Proposal 2a: Adopt autonomous state transition without explicit inactivity timer as a functional baseline. 

Proposal 2b: Discuss a possibility to introduce inactivity timer that will control when the UE is allowed to send the SCRI message.

Proposal 3: Discuss whether a new cause value is needed for the SCRI message indicating autonomous state transition.

Proposal 4a: Autonomous state transition configuration can be provided in RADIO BEARER RECONFIGURATION and CELL UPDATE CONFIRM messages.

Proposal 4b: If a UE receives autonomous state transition configuration in CELL UPDATE CONFIRM, it shall respond with RADIO BEARER RECONFIGURATION COMPLETE message.

Proposal 5a: When a UE submits the SCRI message, it sets internal variable ORDERED_RECONFIGURATION to TRUE, which is reset when a UE moves to the target state.

Proposal 5b: A UE shall not submit the SCRI message if internal variable ORDERED_RECONFIGURATION is set to TRUE.

Proposal 6a: Validation of the autonomous state transition configuration is done when it is received in the RRC configuration message.

Proposal 6b: If a UE rejects autonomous state configuration, it should send RADIO BEARER RECONFIGURATION FAILURE response message for the RRC message, in which the autonomous configuration was received.
