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1.  Introduction
This paper discusses the inter-RAT transitions between E-UTRA and UTRA, and proposes an update to the state transition figure included in TS 36.331.
2. Discussion
2.1  General
TS 36.331 v8.2.0 Fig.4.2.1-1 shows the inter-RAT transitions that are supported. This is replicated in Fig.1.
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Fig.1  E-UTRA states and inter RAT mobility procedures, 3GPP.
In Stage 2, RAN2 has agreed to support service based redirection in both directions between E-UTRA and UTRA (as well as between E-UTRA and GERAN). This is stated in TS 36.300 section 10.2:
Service-based redirection between GERAN / UTRAN and E-UTRAN is supported in both directions. This should not require inter-RAT reporting in RRC CONNECTION REQUEST.
This implies that an update to Fig.1 is necessary, as redirection arrows are missing.

2.2  UTRA to E-UTRA redirection
For redirection from UTRA to GERAN, both RRC connection release with redirection and CCO (incl. NACC) were supported. For UTRA to E-UTRA, RRC connection release with redirection should be supported, as this is useful to push the UE to E-UTRA for idle mode camping. As RRC connection release would be applicable to CELL_DCH and CELL_FACH, redirection to E-UTRA is assumed possible from both these states.

Proposal 1
UTRA to E-UTRA transition by RRC connection release with redirection should be suppoted. This is applicable to CELL_DCH and CELL_FACH.

An important case that needs to be addressed is when the UE is camping on UTRA and a PS service is initiated. For this case, it is desirable that the UE quickly establishes connection in E-UTRA. The detailed procedure for this scenario has not been discussed in RAN2 yet and needs to be looked at. For this case, PS HO after establishing signalling bearers in UTRA is not a desirable option, as this would be considerably slower than redirection, and would take network processing resources. It is desirable that a fast redirection procedure is supported for this purpose. The detailed redirection procedure including what message can be used to redirect should be discussed further, so that the total service establishment delay is minimised.

Nevertheless, the performance gains provided by NACC seems to be marginal, considering that cell selection in E-UTRA should be quick, as well as system information acquisition. As only MIB, SIB1 and SIB2 are necessary before accessing E-UTRA, this should take only 100-200 ms. As such, NACC from UTRA to E-UTRAN seems unnecessary.
Proposal 2
A fast redirection procedure from UTRA to E-UTRA should be supported. This procedure is applicable e.g., when PS service is initiated while the UE was camping on UTRA, and should minimise the establishment delay.
To capture these transitions, corresponding arrows need to be added in Fig.1.
2.3  E-UTRA to UTRA redirection
Regarding CSFB, possible solutions were discussed at the last LTE RRC Ad Hoc. The solutions on the table are:

Option 1
PS HO

Option 2
CCO with NACC

Option 3
CCO without NACC

Option 4
RRC connection release with redirection
The PS HO solution (Option 1) is necessary for CSFB during ongoing PS service, and RRC connection release with redirecion (Option 4) is useful for pushing the UE to UTRA for idle mode camping. The options under debate are Options 2 and 3.

It is important that the CSFB delay is minimised for the case of CSFB from idle mode. Table 1 summarises the results of our internal analysis on the expected establishment delay for these options. As shown in Table 1, CCO with NACC is expected to provide the minimum setup delay. Moreover, CCO with NACC would be more efficient in terms of signalling and network processing power, e.g., since it does not involve SGSN. The PS HO solution is not the desirable solution for CSFB from idle mode, because of the incurred SGSN processing and the waste of Iu resources. As such, CCO with NACC to UTRA should be supported.
Proposal 3
NACC to UTRA should be supported.

Table 1  Expected establishment delay for CSFB options.
	Option
	Expected establishment delay

	Option 1: PS HO
	4.5 s
	LTE RRC establishment + PS HO + CM setup

	Option 2: CCO with NACC
	4.4 s
	LTE RRC establishment + UTRA synchronisation + CM setup

	Option 3: CCO without NACC
	6.1 s
	LTE RRC establishment + UTRA synchronisation + system info acquisition + CM setup

	Option 4: RRC connection release with redirection
	6.1 s
	LTE RRC establishment + cell selection + system info acquisition + CM setup


As have been discussed at the LTE RRC Ad Hoc, CSFB might not require any special handling from the AS perspective. This implies that the same set of solutions should, in principle, be applicable also for redirecting to the UTRA PS domain. At first glance, such scenario might seem irrelevant. Nevertheless, such scenario is in fact valid as the operator might only provide certain services by the legacy network. That is, an operator should be able to invest on new attactive services over E-UTRA, rather than spending a considerable sum for accommodating every legacy service in E-UTRA. If a legacy service is initiated while camping on E-UTRA, NACC can also be used to redirect the UE quickly to UTRA (“PS fallback”).
In any case, Options 1 and 4 have already been agreed and captured in Stage 3. To capture these transitions, Fig.1 needs to be updated so that redirection is also indicated. If Proposal 3 is agreeable, the same arrow can indicate also NACC. Moreover, if Proposal 3 is agreeable, an LS should be sent to SA2 so that TS 23.272 on CSFB can be updated.
3. Conclusions
The followings were proposed:
Proposal 1
UTRA to E-UTRA transition by RRC connection release with redirection should be suppoted. This is applicable to CELL_DCH and CELL_FACH.

Proposal 2
A fast redirection procedure from UTRA to E-UTRA should be supported. This procedure is applicable e.g., when PS service is initiated while the UE was camping on UTRA, and should minimise the establishment delay.

Proposal 3
NACC to UTRA should be supported.

Note that proposals 1 and 2 might already be the current status. In any case, Stage 3 details need to be progressed for these necessary solutions.
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Beginning of text proposal
4.2.1
UE states and state transitions including inter RAT

A UE is in RRC_CONNECTED when an RRC connection has been established. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states can further be characterised as follows:

-
RRC_IDLE:

-
A UE specific DRX may be configured by upper layers.

-
UE controlled mobility;

-
The UE:

-
Monitors a Paging channel to detect incoming calls;

-
Performs neighbouring cell measurements and cell (re-)selection;

-
Acquires system information.

-
RRC_CONNECTED:

-
Transfer of unicast data to/from UE.

-
At lower layers, the UE may be configured with a UE specific DRX.

-
Network controlled mobility, i.e. handover and cell change order with network assistance (NACC) to GERAN;

-
The UE:

-
Monitors control channels associated with the shared data channel to determine if data is scheduled for it;

-
Provides channel quality and feedback information;

-
Performs neighbouring cell measurements and measurement reporting;

-
Acquires system information.

The following figure illustrates the E-UTRA RRC states and mobility support between E-UTRAN, UTRAN and GERAN.
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Figure 4.2.1-1: E-UTRA states and inter RAT mobility procedures, 3GPP

The following figure illustrates the mobility support between E-UTRAN, CDMA2000 1xRTT and CDMA2000 HRPD. The details of the CDMA2000 state models are out of the scope of this specification.

[image: image4.emf] 

Handover   1xRTT  CS  Active  

1xRTT Dormant  

E - UTRA  RRC_CONNECTED  

E - UTRA  RRC_IDLE  

HRPD  Idle  

Handover    

Reselection   Reselection  

Connection  establishment/release  

HRPD Dormant  

HRPD Active  


Figure 4.2.1-2: Mobility procedures between E-UTRA and CDMA2000

Editor's note:
In Fig. 4.2.1-2, the procedure name is missing for some transitions. Terminology to be added is FFS.

The inter-RAT handover procedure(s) supports the case of signalling, conversational services (including a “voice call continuity” procedure [FFS depending on SA2 discussions]), non- conversational services and combinations of these. The mobility between E-UTRA and non-3GPP systems other than CDMA2000 is FFS.

In addition to the state transitions shown in Figure 4.2.1-1 and Figure 4.2.1-2 there is support for connection release with redirection information from E-UTRA RRC_CONNECTED to GERAN, UTRAN and CDMA2000, Idle/Dormant mode.

End of text proposal
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