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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 (it should be noted that 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).  It should be also understood that since the network will enable/configure autonomous state transition, it will control to which initial state it applies as well as what the target state after transition is.
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Figure 2: A “fast dormancy” request followed by an autonomous state transition.
Referring back to Figure 1 and Figure 2, they consider a scenario where the fast dormancy feature is deployed by the network and a UE supports it. However, as not all the UEs support this fast dormancy SCRI message and/or since this feature is not mandatory for the network, there is a legacy procedure based on expiry of the inactivity timer inside the RNC that triggers UE state reconfiguration messages as presented in Figure 3 below. For this case, an existing SCRI message from the fast dormancy framework can be adopted i.e. the SCRI message would be triggered by the expiry of the inactivity timer provided in advance by the network. In fact, the overall framework becomes almost identical to existing “fast dormancy” solution. The difference is that now a UE will send this indication after X seconds of inactivity, after which it would also move to a different state as if it had received explicit reconfiguration message. As a result, this approach can be easily implemented on top of already deployed and used fast dormancy feature with quite marginal changes to the specification. 
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Figure 3: Legacy reconfiguration procedure based on the RNC inactivity timer.
All the major options are summarized in Table 1 below. As can be seen, the common part is that a UE sends the SCRI request (which is already supported and implemented by most UEs and networks), and the only difference is the initial configuration information, which triggers different actions at the UE side. It should be discussed whether we allow only option 1 or both options 1 and 2 could be used by the network. 

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 1: Discuss which option for the autonomous state transition should be introduced. 
2.2 Implementation details

As discussed earlier in RAN2, autonomous state transition is applicable only for transitions to a more power efficient state. In particular, both CELL_DCH-to-CELL_FACH and CELL_FACH-to-CELL/URA_PCH transitions are possible, as well as CELL_DCH-to-CELL/URA_PCH. 
Proposal 2a: Allow autonomous state transition for CELL_DCH-to-CELL_FACH and CELL_FACH-to-CELL/URA_PCH.

Proposal 2b: Allow autonomous state transition for CELL_DCH-to-CELL/URA_PCH.
Since different UEs may have different subscription types, traffic profiles and/or other requirements, network may apply different state transition policies to different UEs including, from which source state it is enabled and to which target state the UE should move next. As a result, the corresponding configuration information should be on the per-UE basis.
Proposal 3: Autonomous state transition configuration is provided to a UE in the dedicated control signalling.
As discussed during previous RAN2 meeting, autonomous state transition from CELL_FACH to CELL/URA_PCH is the easiest way. Once a UE is in the CELL_FACH state with a proper RRC configuration, it can move safely to CELL/URA_PCH, from which it can perform later a seamless transition back to CELL_FACH. Autonomous state transition from CELL_DCH to CELL_FACH is more challenging for the reason that CELL_FACH state may have different parameters e.g. for RLC. In fact, there is the same challenge for the autonomous state transition from CELL_DCH to CELL_PCH: if a UE ends up to CELL_PCH from which it decides to move seamlessly to CELL_FACH, it must have a configuration suitable for the CELL_FACH state. To our technical understanding, the problem of CELL_DCH-to-CELL_FACH and CELL_DCH-to-CELL/URA_PCH autonomous state transition can be solved with a help of retrievable configurations. While configuring a UE with autonomous state transition, the network can provide the corresponding retrievable configuration index that will be applied for the target state. 

It bears noting that we do not suggest to link together retrievable configurations feature with autonomous state transition, but rather say that CELL_FACH-to-CELL/URA_PCH autonomous state transition does not require retrievable configurations, while CELL_DCH-to-CELL_FACH and CELL_DCH-to-CELL/URA_PCH may need retrievable configurations if the network uses different parameters in CELL_DCH and CELL_FACH. As a result, if hypothetically speaking a UE supports autonomous state transition but it does not support retrievable configurations, and the network uses different parameters in  CELL_DCH and CELL_FACH, then this feature will be effectively available only for CELL_FACH-to-CELL/URA_PCH case.
Proposal 4: Autonomous state transition configuration information should have a possibility of signalling a retrievable configuration index, which will be applied for the target state.
Different networks may consider using autonomous state transition for difference cases, a full summary of which is given in the list below: 

1. CELL_FACH-to-CELL/URA_PCH. To our view this is the the most basic autonomous state transition cases that can complement efficiently seamless transition back to CELL_FACH.

2. CELL_DCH-to-CELL/URA_PCH. This configuration could be applicable to certain device and/or traffic types, types which are moved aggressively to the most power efficient state if it is known (or believed) that no data is coming.

3. CELL_DCH-to-CELL/URA_PCH +  CELL_FACH-to-CELL/URA_PCH. As in item 2) above, this is a case for moving a UE immediately to the most power efficient state. If after that the UE moves to CELL_FACH in presence of some data, it can move again back to CELL/URA_PCH once the transmission is over.

4. CELL_DCH-to-CELL_FACH. This configuration can be suitable for smartphones and similar devices when large volumes of data are sent/received, but there is still some low data volume activity for which CELL_FACH is a more suitable state. 

5. CELL_DCH-to-CELL_FACH + CELL_FACH-to-CELL/URA_PCH. This configuration is combination of items 1) and 4), whereupon a UE first moves to CELL_FACH, and after some time of inactivity it moves to CELL/URA_PCH. It should be noted that such way of operation will not create any ambiguity with regards to the UE state because a UE will send the SCRI message before moving to the next state, and thus the network will know in which state a UE is.

As can be seen from the presented list, autonomous state transition configuration can be construed as comprising two independent parts, one for the CELL_FACH as the source state (from which a UE can move only to CELL/URA_PCH), and another part is for the CELL_DCH as a source state (from which a UE can move to  CELL_FACH or CELL/URA_PCH). By enabling them, either jointly or independently, the network can implement any of the aforementioned scenarios. The way it can be accomplished with other technical details is presented in the next section.

2.3 Signalling details

A table below exemplifies structure of the configuration information for the autonomous state transition. As explained earlier, it comprises two independent parts so that the network has a possibility of enabling different transition cases. The network can set either “From CELL_DCH” or “From CELL_FACH” part, or both of them, also indicating the target RRC state. In addition to these parameters, the network can also signal how a UE should handle dedicated RNTI in the target state. If we take autonomous state transition from CELL_FACH to CELL_PCH, then the following options are possible: either a UE keeps and uses the same dedicated RNTIs it has in CELL_FACH; or a UE is assigned new dedicated RNTI values; or a UE is even asked to clear them. Choice “clear” is also needed when a UE is moved from e.g. CELL_DCH state to the CELL_FACH or CELL_PCH state when a UE (or the network) does nor support enhanced DL/UL for CELL_FACH.

As also discussed earlier, for the autonomous state transition from CELL_DCH the network should also be able to signal a retrievable configuration index for the target RRC state. 
10.3.8.x
Autonomous state transition configuration info
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	From CELL_DCH
	OP
	
	
	
	

	>RRC State Indicator
	MP
	
	RRC State Indicator 10.3.3.35a
	RRC State Indicator

NOTE 1
	

	>CHOICE RNTIs
	MP
	
	
	
	

	>>Clear
	
	
	
	
	

	>>Continue
	
	
	
	
	

	>>New
	
	
	
	
	

	>>>New H-RNTI
	MP
	
	H-RNTI 10.3.3.14a
	
	

	>>>New Primary E-RNTI
	MP
	
	E-RNTI 10.3.3.10a
	
	

	>Retrievable configuration
	OP
	
	
	Retrievable configuration index for the target RRC state
	

	From CELL_FACH
	OP
	
	
	
	

	>RRC State Indicator
	MP
	
	RRC State Indicator 10.3.3.35a
	RRC State Indicator

NOTE 2
	

	>CHOICE RNTIs
	MP
	
	
	
	

	>>Clear
	
	
	
	
	

	>>Continue
	
	
	
	
	

	>>New
	
	
	
	
	

	>>>New H-RNTI
	MP
	
	H-RNTI 10.3.3.14a
	
	

	>>>New Primary E-RNTI
	MP
	
	E-RNTI 10.3.3.10a
	
	


NOTE 1: Value of this IE can be set only to “CELL_FACH” or “CELL_PCH” or “URA_PCH”.

NOTE 2: Value of this IE can be set only to “CELL_PCH” or “URA_PCH”. 

2.4 Other considerations
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 inactivity timer expires because of no activity on DTCH triggering autonomous state transition, while some data is being exchanged over DCCH. One way to handle it is to adopt a general approach that autonomous state transition cannot be initiated, i.e. the SCRI message cannot be sent, 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.
3
Conclusions

In this discussion paper we have presented our general considerations concerning the autonomous state transition as well as further details on how it can be accomplished. Accounting for the fact that the fast dormancy SCRI request is already widely supported by UEs and used by the networks, it seems more than natural to base autonomous state transition solution on the SCRI message eliminating existing RRC re-configuration messages. As a summary of our proposals, we suggest that:
Proposal 1: Discuss which option for the autonomous state transition should be introduced. 
Proposal 2a: Allow autonomous state transition for CELL_DCH-to-CELL_FACH and CELL_FACH-to-CELL/URA_PCH.

Proposal 2b: Allow autonomous state transition for CELL_DCH-to-CELL/URA_PCH.

Proposal 3: Autonomous state transition configuration is provided to a UE in the dedicated control signalling.

Proposal 4: Autonomous state transition configuration information should have a possibility of signalling a retrievable configuration index, which will be applied for the target state.

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.
