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1 Introduction

During the last RRC drafting session a number of new open issues were identified, some of them related to the transitions between RRC modes and states, as well as their relationship with the MAC states. Vodafone volunteered to study these issues.

This paper reviews the current RRC and MAC state models, as contained in the GERAN stage 2 (see 3GPP TS 43.051 [1]), to check whether the current working assumptions are still valid. It also addresses the mentioned open issues and proposes some modifications to the current models.

2 New open issues

The following new issues were identified at the last RRC drafting session [1] (Kista, Sweden; 24th – 26th September) related to the transitions between RRC modes and states, as well as their relationship with the MAC states:

1.
Transition between RRC‑Idle and RRC‑Connected mode
In which RRC/MAC states the MS is when it sends the Channel Request message or it receives the Immediate Assignment message.

2.
Transition between RRC‑GRA_PCH and RRC‑Cell_Dedicated state
It seems to be unclear whether or not this transition is necessary.

3 Discussion

3.1 RRC modes and states

Figure 1 shows the agreed RRC modes and states, as well as transitions between these modes and states. Vodafone believe that this model does not need to be modified due to the new open issues mentioned in section 2.
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Figure 1 – RRC modes, states and transitions.

3.2 MAC states

Figure 2 shows the MAC model currently described in 3GPP TS 43.051 [1]. Again, no modifications are necessary due to the new open issues. However, three modifications have been made for different reasons. They are shown in blue:

1. The transition from MAC‑Idle state to MAC‑Dedicated state has be included in solid lines (e.g. SDCCH allocation)

2. The transition from MAC‑Dedicated state to MAC‑Shared state has be included in solid lines (e.g. PDCH allocation)

3. A transition from MAC‑DTM state to MAC‑Idle state has been added in dotted lines. This transition corresponds to the release of one or more DBPSCHs and one or more SBPSCHs simultaneously (e.g. RRC Connection Release with immediate release of all bearers). This transition is for further study.
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Figure 2 – States and transitions of the MAC Control Entity.

3.3 Correspondence between RRC modes and states and MAC states and transitions

3.3.1 Study on the open issues

3.3.1.1 Transition between RRC‑Idle and RRC‑Connected mode

The RRC model in Figure 1 shows a direct transition from RRC‑Idle mode to the RRC‑Dedicated and RRC‑Shared states of the RRC‑Connected mode. These two transitions take place when the RRC connection is established. However, during the drafting session on RRC, it was identified that there may be an interim mode/state when the MS may be allocated a DBPSCH but remain in RRC‑Idle mode, since the RRC connection has not been established yet. The same issue appears when the MS is allocated an SBPSCH.

There were two initial proposals during the drafting session to solve this issue:

1.
Definition of a transition from RRC‑Idle mode to RR Dedicated mode (in A/Gb mode): when the dedicated resource is allocated, the A/Gb mode procedures would apply. The RRC connection would then be built on the dedicated resource, hence with a transition from RR Dedicated mode to the RRC Cell_Dedicated state.

However, this solution violates the agreed criteria for mode selection, whereby if both the mobile and the network support Iu mode, this is the mode to be used. 

2.
Definition of a new establishment cause in the (Packet) Channel Request message: so that the network can discriminate accesses in A/Gb mode and in Iu mode.

However, this may not be of much help since still the establishment of the RRC connection cannot be performed on the CCCH as in UTRAN. Hence, a radio resource (dedicated or shared) needs to be allocated.

The solution proposed in this paper is to decouple the transition from RRC‑Idle mode to RRC‑Cell_Dedicated mode from the transition from MAC‑Idle state to MAC‑Dedicated state. As shown in Figure 3, when the MS is allocated the dedicated resource moves into MAC‑Dedicated state while it remains in RRC‑Idle mode. The establishment of the RRC connection would be then performed on the DBPSCH, moving the RRC state machine into RRC‑Cell_Dedicated state. An analogous situation appears for the transition from RRC‑Idle mode to RRC‑Cell_Shared, where there is an interim state when the MS still is in RR‑Idle but in MAC‑Shared state.
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Figure 3 – RRC and MAC states and transitions during the establishment of an RRC connection on a DBPSCH.

When the MS is in this interim state (RRC‑Idle and MAC‑Dedicated), the MS is unknown to the GERAN. It needs to be studied whether the procedures in RR dedicated mode apply (i.e. assignment, handover, DTM assignment, etc).

A similar situation occurs when the RRC connection is released but the radio resource is maintained.

3.3.1.2 Transition between RRC‑GRA_PCH and RRC‑Cell_Dedicated state

When the MS is in RRC‑GRA_PCH state, the MS may request a radio resource to answer a paging message or to perform a GRA/URA update procedure). The network may choose to allocate a dedicated resource. Therefore the transition to RRC‑Cell_Dedicated is possible, as depicted in Figure 1.

Note that the transition from RRC‑GRA_PCH and MAC‑Idle to RRC‑Dedicated and MAC‑Dedicated is direct with no interim states: it takes place after the exchange of the Channel Request and the Immediate Assignment messages.

3.3.2 Study on transitions

While the transitions of the RRC and MAC models are still correct, the start of the stage 3 work uncovered that it is unclear what events trigger some of the transitions. Further, these events may imply a transition in the RRC model but not on the MAC mode, or viceversa. Thus, Table 1 is proposed as a combined model of the RRC and MAC modes and states, where the dual states are indicated.
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Table 1 – Combined transitions between RRC modes/states and MAC states.

The combination of the four state RRC and four state MAC models results in 16 combinations. As shown in the table, only half of them are allowed; the others have been shadowed with diagonal lines. This table should replace the one in clause C.3 of annex C in the stage 2 [1]. Table 1 also includes the transitions between the allowed dual states.

The bottom row of the table indicates the vertical logical OR of the other four rows. As expected, it is the same as the MAC model in Figure 2. Likewise, the right column is the horizontal logical OR of the other columns, resulting in the RRC model of Figure 1.

The transitions shown in discontinuous lines are for further study:

-
From MAC‑Dedicated to MAC‑Shared (in RRC‑Connected mode): this transition already exists in GPRS for RRC‑Idle: PDCH Assignment procedure.

-
From MAC‑Dedicated to MAC‑Shared (both in RRC‑Idle and RRC‑Connected modes): this transition would exist if the Radio Bearer reconfiguration from DBPSCH to SBPSCH is allowed.

4 Conclusion and recommendations

After investigation of some of the new issues uncovered during the RRC drafting session, this papers proposes to:

1. Agree on the current RRC model. In particular, the transition between RRC‑GRA_PCH and RRC‑Cell_Dedicated state should be kept.

2. Agree on the modifications to the MAC model. The stage 2 (and later 3GPP TS 44.060) should be modified accordingly.

3. Agree on the combined RRC/MAC model. This model should be the base for the description of the applicability of procedures in 3GPP TS 44.018 and 3GPP TS 44.060.

Futher, it needs to be agreed:

4. Whether or not the traditional procedures in RR dedicated mode (e.g. handovers) apply when the MS is in RRC‑Idle mode but in MAC‑Dedicate state.

5. Whether or not a reconfiguration of a Radio Bearer (from DBPSCH to SBPSCH and viceversa) is needed.

6. Whether or not the transition from MAC‑DTM to MAC‑Idle is possible (e.g. when the network releases the RRC connection and all Radio Bearers of an MS in RRC‑Dedicated and MAC‑DTM states).
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