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1.  Introduction
Although TR25.913 states that inter-working with legacy 3GPP RANs is a requirement for LTE, TR25.913 also states that the reduction in network/terminal complexity and cost by not mandating certain inter-RAT transitions should be considered. This document discusses inter-RAT state transitions between UTRAN and EUTRAN, extending the discussions made in our previous contribution [1].
2.  Inter-RAT transitions involving LTE
One of the eminent issues in realising inter-RAT mobility is to determine the state transitions that are to be mandated in the specification. In the LTE meeting in Tallin, a conclusion was reached, i.e., “for inter-system inter-working, transitions between all RRC states of UTRAN/GERAN and all RRC states of EUTRAN might not be required.” In [2] the transitions between the UTRAN and EUTRAN states have been identified, and those essential have been suggested.

In the initial stage of EUTRAN deployment, the EUTRAN coverage is likely to be limited to densely populated area and hot spots, whereas the UTRAN and GERAN coverage are likely to be near completion. Hence, supporting downward transitions from EUTRAN is crucial to provide service continuity as a UE moves beyond the EUTRAN coverage border (Fig. 1). However, some upward transitions might be unnecessary. By supporting only the essential transitions, the eRRC protocol and related measurements can be simplified.
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Figure 1.  Abstract representation of inter-RAT transitions.
Figure 2 shows NTT DoCoMo’s view on the transitions to mandate between the UTRAN and EUTRAN states. The UTRAN IDLE - LTE IDLE transitions are relatively easy to realise in both directions, since UEs will have enough time to perform the relevant measurements. As in GERAN - UTRAN IDLE state transitions, the UE can perform measurements autonomously, following the cell reselection parameters directed by the RANs. As has been suggested in [2] the IDLE state transitions should be mandated on both directions. Another transition that should be mandated is the downward transition from LTE ACTIVE to CELL_DCH. This is due to the aforementioned reason, i.e., to provide service continuity. However, the inverse transition from CELL_DCH to LTE ACTIVE may not be needed:

Reasons for omitting CELL_DCH to LTE ACTIVE:

· A UE would be able to move to EUTRAN during its IDLE mode, after ending the session over CELL_DCH.

· No significant problem in terms of service continuity, unless the UTRAN coverage is less in parts than EUTRAN.

· For realtime services, performance gain of LTE is unclear, and service interruption caused by the transition may be a burden.

· No need for compressed mode to measure EUTRAN cells.

Reasons for supporting CELL_DCH to LTE ACTIVE:

· Better satisfaction (e.g., high data rate) for non-realtime services.
The necessity of the CELL_DCH to LTE ACTIVE transition (as well as the other transitions not mentioned) should therefore be assessed considering both the service/performance requirements and terminal/network complexities.
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Figure 2.  State transitions to support between UTRAN and EUTRAN.
Tables 1 and 2 summarise NTT DoCoMo’s view on the downward and upward transitions, respectively.
Table 1.  EUTRAN to UTRAN downward transitions to support.

	Source state
	Target state
	Necessity
	Reasons to support
	Reasons to omit

	LTE ACTIVE
	CELL_DCH

	Definitely needed.
	· For service continuity (LTE coverage would be limited in the beginning).

	

	
	CELL_FACH

	Needed.
	· Needed for certain QoS and policies.

· Needed in case DCH resources are unavailable in UTRAN.

· Can be realised similarly as the transition to CELL_DCH from LTE perspective.


	

	LTE IDLE
	CELL/
URA_PCH

	Not needed.
	
	· EUTRAN may not have UE context in IDLE mode.



	
	IDLE

	Definitely needed.
	
	


Table 2.  UTRAN to EUTRAN upward transitions to support.

	Source state
	Target state
	Necessity
	Reasons to support
	Reasons to omit

	CELL_DCH
	LTE ACTIVE


	Unsure (needs to be assessed).
	· Better satisfaction (e.g., high data rate) for non-realtime services.

	· No significant problem in terms of service continuity.

· UE can move to LTE while in IDLE mode.
· No need for compressed mode.
· For realtime services, performance gain of LTE is unclear.

· For realtime services, interruption caused by the transition may be a burden.


	CELL_FACH
	
	Unsure (needs to be assessed).
	· Similar remarks as above (CELL_DCH to LTE ACTIVE).

· UE maybe in CELL_FACH unwillingly due to DCH resource shortage in UTRAN.

	· Similar remarks as above (CELL_DCH to LTE ACTIVE).

· No need to configure FACH meas. occasion.



	CELL/

URA_PCH


	LTE IDLE


	Needed.
	
	

	IDLE


	
	Definitely needed.
	
	


4.  Conclusions

Inter-RAT state transitions between UTRAN and EUTRAN were discussed. NTT DoCoMo proposes that a new subsection 9.2.1 entitled “State transitions to support” is introduced in section 9.2 of the RAN2 TR25.813, incrementing the current subsections 9.2.1 onwards. NTT DoCoMo also proposes that RAN2 studies the necessity of the state transitions (including GERAN) using the format of Tables 1 and 2 above, and includes the resulting tables into the newly introduced subsection 9.2.1 of the TR.
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