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1. Introduction 

During the joint RAN2/RAN3/SA2 meeting in London, a tentative agreement on the RRC states for E-UTRA was made. Unfortunately there seemed to be some misunderstandings on the terminology used by different companies and so Vodafone believes clarification is useful.

In TR 23.882, Annex Captures the summary of different MM concepts and RAN2 should decide, based on that, the foreseen RRC states.  In Section 2 a common terminology is proposed as well as a comparison to the current UTRA RRC states. An agreement is then proposed on the RRC states for E-UTRA.

Another point worth to be assessed is the foreseen state transitions between:

· E-UTRA states

· E-UTRA and UTRAN states

· E-UTRA and GERAN states

In doing this, the following conclusion reached in LTE meeting in Tallin should be considered:

“For inter-system interworking, transitions between all RRC states of UTRAN/GERAN and all active/non-active (TBD) states of EUTRAN might not be required.”

In Section 3 Vodafone proposes those transistions considered to be “unnecessary” and discusses the need for other transistions. The general idea is to avoid specifying transitions that are not proved to be definitely needed, in order to reach the design goal of making E-UTRA as simple as possible. 

2. E-UTRA RRC states  

When looking at the RRC states for the E-UTRA it is worth starting from the foreseen MM states captured in 23.882. The MM state machine can be imagined as follow:
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Figure  1 - E-UTRAN MM states
In particular the following principles govern the MM states:

· Detached state:  In this state the UE is not registered on the network. From the network point of view the UE is not present and no call can be terminated to it. The only service the UE might be able to obtain from the network is to initiate an Emergency call.  
· (MM) Idle State: In this state, the UE is registered on the network; its position is also known on a “Tracking Area” level within the network. When any call is to be terminated to the UE, the UE is located (paged) before the call setup procedure can take place. 
· (NN) Active State: In this state the UE is known at a cell level and it is able to transmit/receive data without the need of any previous MM procedure.
While it is obvious that the Detached state does not require any specific RRC state to be handled, it is less obvious if it is sufficient to map one-to-one these states to a corresponding RRC one.

In particular we believe that the following concept should be taken into account:

· State Transition and Call setup time:  in general an idle state that is rather similar to the UTRA RRC Idle is unlikely to be sufficient since it is hard (at least within the current UTRA) to fulfill the E-UTRA requirement of 100 ms Idle-to-Active transition. 

· Impacts on Node(s) capacities: as far as UTRA is concerned, states like URA/CELL_PCH have an impact on the RNC capacity. This is mainly due to the fact that the RNC has to store the context of each UE, perform IMSI/TMSI lookup when paging from the CN arrives (in order to verify the kind of paging to perform), etc. This point is seen potentially as a critical issue for scalability and it has to be carefully assessed when proposing xxx_PCH RRC states to be used to handle MM Idle state.  Also the relocation of the UE context has some impact on the Transmission efficiency even if probably is not so critical.

·  Impacts on Inter-RAT interworking: another point to be carefully assessed is the impact on signaling load (both Radio and CN) in case of inter-RAT change.  In general the possibility to have a single LA/RA spanned over different RATs should not be precluded unless the additional complexity is seen as very high.

2.1 Comparison with the UTRA RRC states 

 In order to derive the needed E-UTRA RRC states from the MM states, one useful exercise is to look at the UTRA RRC states and analyze the typical usage of them. 
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Figure  2 - UTRA RRC States
· CELL_DCH: CELL_DCH is usually used to handle the active UEs, i.e. UEs that are transferring data toward the network. As far as CS call is concerned, this state is usually the only one involved during the call session: the call is usually started from Idle and once terminated the UE is put again in Idle.  As far as PS connections are concerned, the situation is typically different: in case of I/B calls, in fact, it is common to maintain the UEs in other states (like CELL_FACH, xxx_PCH) as soon as low/no activity is detected. 
UEs in CELL_DCH experience the highest battery consumption and so proper action to reduce the time elapsed in this state shall be taken. This requirement might be mitigated in the future depending on the results of the “Continuous connectivity for packet data users” WI, but it is Vodafone belief that CELL_DCH alone will not be sufficient to handle semi-active UEs.  In the SA2/RAN2/RAN3 joint meeting in London some companies refer to the usage of some of the techniques proposed as part of the “Continuous connectivity for packet data users” as possible target for an “Active sub-state”.  Considering the amount of misunderstanding that this proposal has brought, Vodafone believes it is worth avoiding such a terminology and rather referring to a single Active state with all the optimizations that can be applied! 

· CELL_FACH: CELL_FACH is typically used as a temporary state inside PS I/B calls and as a candidate state for Signalling only calls (e.g. SMS delivery – but there are problems with this in a mixed UMTS-GSM network), and PS call setup.  Another important usage of this state is to handle the UEs that have experienced a RL failure. The UE battery requirements on CELL_FACH state are lower than CELL_DCH (roughly about 50%).
As far as E-UTRA is concerned, a large number of companies have proposed to remove this state from the RRC. The main reason is that the usage of this state is limited, while the burden to specify state transition, measurement procedures upon state transition and bearer handling in the different states is high.  Vodafone agrees on this analysis; however alternative handling of RL failure should be found in advance. 

· CELL/URA_PCH: CELL/URA_PCH are commonly used as states to handle inactive UEs. The need for two different states has been argued several times, also considering that URA_PCH can act as CELL_PCH by configuring single cell URAs!  In UTRA another advantage of XXX_PCH state is that the transition to active state (CELL_DCH) is potentially very quick, especially with the Rel.6 enhancements.  We believe that this is one of the most important aspects to consider when discussing about the need for it in E-UTRA.
As far as E-UTRA is concerned, xxx_PCH has been usually referred to as “Dormant” state. The characteristics of the dormant state have never been defined explicitly but in our understanding they are summarized as follow:

· UE battery requirements ( As Idle Mode

· Signalling Impact ( As low as Idle Mode

· Transition to Active State ( Similar or preferably better than xxx_PCH to CELL_DCH

· Low impact on network (RNC or CN) processing load

Note that if the transition from Idle to Active State is quick enough to fulfil the LTE requirements in [2], the need for a CELL/URA_PCH can be argued. However the processing impact of frequent Idle to Active transition on the E-UTRAN Node(s) has to be carefully assessed.  

2.2
Proposal for E-UTRA RRC states 

Based on the analysis in Section 3.1 it is proposed to specify the following E-UTRA RRC states:

· E-UTRA RRC IDLE 

· E-UTRA RRC ACTIVE 

It is also proposed to take as a working assumption that “Dormant” state should not be specified. If in the future it will be clear that the requirements for idle to active transition time in [2] cannot be fulfilled, “Dormant” state should be introduced.

Finally it is proposed to study how to handle the RL failure scenario within the RRC states foreseen for E-UTRA. 

3. E-UTRA Interworking and states transition

As part of the important task to reduce as much as possible the complexity of the E-UTRAN right from the design phase, one of the points to carefully consider are which state transitions should be specified in the interworking case. 

This is important since the interworking is one of the keys for the success of a system but is also a source of complexity. The UTRAN-GERAN interworking is a good example of the mentioned point and considering that with E-UTRAN the other RATs to be considered are (at least) UTRAN and GERAN the issue is foreseen to be even more critical.

In the following picture the possible transitions from E-UTRAN and UTRAN states are indicated.  The E-UTRAN states are assumed to be based on the Proposal made in Section 3.2.

In figure 3 the following colur coding applies:

RED – this transition is needed.

Grey – this transition might be needed

Blue – this transition is not thought to be needed
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· E-UTRAN Idle – UTRAN Idle: this transition is governed by cell reselection rules which the UE applies autonomously. The network will broadcast reselection parameters so that the operators can control the inter-RAT reselection.  These transitions allow the UEs to reselect the RATs based on their availability and the operator policy and are foreseen to be similar to GERAN – UTRAN reselection.  These transitions are considered mandatory to be supported in both directions.

· ACTIVE to CELL_DCH: this transition aims to allow the handover to UTRAN in case the E-UTRAN coverage is not continuous. Considering the focus on the high bit rate of the E-UTRAN as well as the timeframe for E-UTRAN availability, when UTRAN is foreseen to have been extensively deployed, we believe that this transition shall be considered mandatory to be supported in order to provide service continuity. The details of the handover procedure are out of the scope of this document.

· CELL_DCH to ACTIVE: this transition aim at allowing the handover from UTRAN to E-UTRAN. The usefulness of this handover is for the scenario where the E-UTRAN coverage is greater than (or distinct from) the UTRAN or in order to recover back from an E-UTRAN to UTRAN handover (e.g. for the case of a large file transfer being delayed by a short loss of E-UTRA coverage). If we assume that the efficiency of the E-UTRAN is greater than the UTRAN system, then it could be arguable that this transition is also needed for Optimisation purposes. However if we consider load balancing policy, again this transition has to be standardised. In conclusion we believe that this transition should be standardised.

· CELL_FACH to ACTIVE: this transition would allow the UTRAN to handover the UE toward UTRAN having as a target state ACTIVE. For sake of clarity this transition could be obtained with an RRC CELL CHANGE ORDER message. Considering the modifications needed to the RRC message to carry the additional IE and the usefulness of the transition (as well as the potential complexity for the RNC to know the channel parameters of the E-UTRAN cell), it is proposed to avoid this transition and not specify this option. It is worth to mention that if CELL_DCH to ACTIVE is specified it would be possible to have CELL_FACH to ACTIVE transition via CELL_DCH transition.

· ACTIVE to CELL_FACH: this transition would allow handover from E-UTRA to UTRAN with a target state CELL_FACH. We do not see any use of this transition and so we propose to avoid this transition and not specify this option.
· (UTRA) CELL_FACH to (E-UTRA) IDLE:  this transition would allow UTRAN to release the RRC connection and redirect the UE toward E-UTRAN. We failed in see a real need for this transition a part from severe congestion handling mechanism. However considering that alternative solutions can be identified we propose to avoid this transition and not specify this option. This would also imply that reselection to E-UTRAN is not available in CELL_FACH state. It is also proposed to consider worth to be standardisedthe extension of  the Redirection Info of the RRC Connection Reject including E-UTRAN. This would enable a call to be retried in the E-UTRAN 

· (E-UTRA) IDLE to (UTRA) CELL_FACH: this transition would allow E-UTRAN to redirect UEs to UTRAN (mainly at call setup) with CELL_FACH as a target state. We do not see any use of this transition and so we propose to avoid this transition and not specify this option.
· CELL/URA_PCH to (E-UTRA) ACTIVE: this transition would allow UTRAN to redirect UEs to E-UTRAN at the state transition from CELL/URA_PCH (i.e. at CELL_UPDATE phase). We believe that the benefit from handling this scenario does not justify the complexity of specifying this option, and so we propose to avoid this transition and not specify this option.
· (E-UTRA) ACTIVE to CELL/URA_PCH: this transition is not seen as possible in practise and so we propose to avoid this transition and not specify this option. 

· (E-UTRA) IDLE to CELL/URA_PCH: this transition is not seen as possible with current CN specifications and so we propose to avoid this transition and not specify this option unless CN specifications change. It might be worth mentioning that UTRAN can always keep the UEs in CELL/URA_PCH when the UE next accesses the network to perform RAU.

· CELL/URA_PCH to (E-UTRA) IDLE: this option would mainly allow UEs to reselect E-UTRAN while in CELL/URA_PCH. Considering that cell reselection in CELL_URA_PCH is the same as Idle Mode, the extra complexity to allow this transition is seen as marginal and so it may well be worth allowing it. 

3.1 Proposal for E-UTRAN/UTRAN RRC states transitions

Based on the above analysis it is proposed to discuss and agreed about the allowed E-UTRAN/UTRAN RRC state transitions. 

In particular is is proposed:

· to allow state transitions in Red in Figure 3, 

· to avoid and not specify state transitions in Blue in Figure 3,

· to consider the need for state transitions in Grey In Figure 3.
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Figure 3 - Transitions between UTRAN and EUTRAN at RRC state level
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