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1. Introduction

As stated in [1] possible enhancements on Fast DCH Setup issue include, but are not limited to, the physical random access procedure, NBAP and RRC signalling, and uplink/downlink synchronisation procedures. 

This contribution addresses some aspects to be considered for further discussion on Fast DCH Setup issues related to the physical random access procedure. In detail the impact of RACH transmission delay on the switching delay to/from CELL_DCH state, i.e. on the time required for DCH establishment and release is described.

2. Description of RRC connected mode state transitions

In the following subsections two simplified examples of procedures for RRC connected mode state transitions related to the establishment and release of DCH resources are outlined. A comprehensive description on these issues is provided in [2].

2.1. Transition from CELL_DCH to CELL_FACH

Fig. 1 illustrates an example of procedure for the transition from CELL_DCH to CELL_FACH state initiated by UTRAN, i.e. SRNC, by transmitting the dedicated RRC message “Physical Channel Reconfiguration” to the UE. This message is sent on DCCH mapped onto DCH in either acknowledged or unacknowledged RLC transmission mode optional to the network and contains the new RRC state to switch over. After reception the UE releases all DCHs used and enters CELL_FACH state. As response the UE has to transmit the RRC message “Physical Channel Reconfiguration Complete” to the network. This message is sent on DCCH mapped onto RACH using RLC acknowledged mode. This message triggers the release of resources in the network associated with the DCHs. 

In Fig. 1 two time durations are indicated:

· TRACH denotes the time duration from the instant when the physical random access procedure is started in the RRC sublayer in UE to the instant when the “Physical Channel Reconfiguration Complete” message has been received in the RRC sublayer in UTRAN. In the following TRACH is denoted as RACH transmission delay and its characteristics are discussed in section 3 in more detail.

· TDCH,release denotes the time duration from the instant when the procedure is triggered by the RRC sublayer in UTRAN by transmitting the “Physical Channel Reconfiguration” message to the instant when the RRC sublayer in UTRAN has received the “Physical Channel Reconfiguration Complete” message. TDCH,release is mainly determined by RRC signalling delay, internal processing time in UE und UTRAN and RACH transmission delay TRACH.
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Figure 1: DCH release and transition to CELL_FACH

2.2. Transition from CELL_FACH to CELL_DCH

Fig. 2 illustrates an example of the procedure for the transition from CELL_FACH to CELL_DCH state initiated by UTRAN by transmitting the dedicated RRC message “Transport Channel Reconfiguration” to the UE. This message contains the dedicated transport channel and dedicated physical channel resources the UE is allowed to use, e.g. the transport formats, the allowed transport format combinations, minimum SF and maximum UE transmit power. This message is sent on DCCH mapped onto FACH in either acknowledged or unacknowledged RLC transmission mode optional to the network. After reception the UE establishes its DCH resources as configured and enters CELL_DCH state. Afterwards the UE performs physical layer synchronisation procedure as described in [3]. When physical layer synchronisation is detected the UE transmits the RRC message “Transport Channel Reconfiguration Complete” to the network as response on DCCH mapped onto DCH using RLC acknowledged mode. 
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Figure 2: DCH establishment from CELL_FACH

As indicated in Fig. 2 TDCH,establish denotes the time duration from the instant when the procedure is triggered by the RRC sublayer in UTRAN by transmitting the “Transport Channel Reconfiguration” message to the instant when the RRC sublayer in UTRAN has received the “Transport Channel Reconfiguration Complete” message. TDCH,establish is mainly determined by RRC signalling delay, internal processing time in UE und UTRAN and the DCH synchronisation procedure. In case RLC acknowledged mode is applied for the transmission of the “Transport Channel Reconfiguration” message an additional RACH transmission delay TRACH has to be taken into account.

3. Discussion on RACH Transmission Delay

As outlined in section 2, the delay caused by the physical random access procedure has impact on the switching delay to/from CELL_DCH state, particularly on the time required to release DCH resources. The procedure is initiated by the RRC sublayer in the UE when there is uplink data to be transmitted, whereby all air interface protocol layers are involved in the subsequent steps. Thus, the characteristics of the resulting RACH transmission delay TRACH are discussed in the following. In detail the value of TRACH is determined by the following procedures:

On RRC sublayer, as described in [2]:

· Acquisition of valid RACH/PRACH related information within the PRACH system information broadcast on BCH/P-CCPCH. The corresponding delay can take multiple numbers of radio frames depending on the cell configuration and scheduling of system information.  

· Selection of PRACH, if more than one PRACH is configured within the cell.

On RLC sublayer:

· In case acknowledged RLC mode is applied for RACH, data transmitted on PRACH message part (either with 10 or 20ms TTI length) will be retransmitted upon reception of a negative acknowledgement from the peer entity at network side or after expiration of transmission timer.

On MAC sublayer, as described in [4]:

· Dynamic persistence check in order to control the RACH access in the cell. Based on this persistence check MAC decides whether to start a new physical layer random access procedure in the present transmission time interval or not.

· Control of successive preamble ramping cycles in case none or a negative acknowledgement is received on AICH. Basically, the maximum number of preamble ramping cycles can be set up to 32.

· Backoff algorithm in case a negative acknowledgement has been received on AICH. This mechanism is also applied to control the RACH access in the cell but unlike the dynamic persistence check the start of a new physical layer random access procedure is delayed for a specified time, denoted as backoff time. This backoff time is randomly (with uniform distribution) chosen within a time interval given in terms of numbers of 10ms transmission time intervals. 

On physical layer, as described in [3]:

· Preamble power ramp-up procedure either if no positive acknowledgement is received on AICH and the maximum number of preamble retransmissions is not exceeded or if the preamble power does not exceed the maximum allowed transmission power by 6dB. In both cases physical layer sends another preamble with increased power at the next available access slot within the given ASC. Otherwise, control is handed back to MAC, where a new preamble ramping cycle may be initiated according to the number of preamble ramping cycles configured and to the dynamic persistence check. Basically, the maximum number of preamble retransmissions can be set up to 64.

· PRACH message part transmission after three or four access slots of the last transmitted preamble if a positive acknowledgement is received on AICH.
In view of above procedures there are a number of possible enhancements that can be taken into account in order to reduce the switching delay to/from CELL_DCH state caused by the physical random access procedure. One approach is the dedicated signalling of RACH/PRACH related information to the UE in order to reduce the delay caused by the necessity to read system information broadcast on BCH/P-CCPCH. The possible enhancement that can be achieved with this approach is out of scope of this contribution and subject to further study.

4. Conclusion 

In this contribution the impact of the physical random access procedure on the switching delay to/from CELL_DCH state has been addressed, particularly the time required to release DCH resources has been looked at. In view of possible enhancements, it is proposed that RAN1 should discuss and clarify at this stage to which extent RACH related enhancements is assumed to be within the scope of the study item „Uplink enhancements for dedicated transport channels“.
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