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1. Introduction

Uplink Synchronous Transmission Scheme (USTS) is an alternative technology applicable for low mobility terminals. USTS can reduce uplink intra-cell interference by means of making a cell receive orthogonalized signals from UEs. And accordingly, USTS is expected to yield better performance. This feature is intended to support uplink synchronous transmission with low overhead, good capacity characteristics, and minimal impact on hardware and software resources at the UE and in the UTRAN.

USTS was proposed to WG1 and it is now study item of Release 5. In the 3GPP TSG RAN Plenary meeting #11 WG3 was asked to study if USTS is feasible at WG3#20 meeting, and it was also decided that WG1 could continue working on further details without this SI being formally approved by TSG-RAN as a WI.

In this document, we present several technical issues of USTS and impact of WG2 specification.   

2. Technical issues of USTS 

The main concept of USTS is to increase transmission efficiency by reducing the interference between UE signals the same cell, which is synchronized uplink transmission time at the UE. To support USTS, UTRAN provides some method such as notification of initial synchronous transmission time, re-establishment and maintenance of synchronous transmission timing and code allocation of DPDCH between UE and UTRAN.

· Transmission of UE capability for USTS to UTRAN: When UE transmits RRC message to UTRAN via RACH, the information element, USTS support indicator, should be included to notify RNC whether the UE supports USTS or not. From this information element, RNC decide USTS reference time, 
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, calculated from propagation delay field of RACH data frame.

· Transmission of initial synchronization information (
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): UTRAN should transmit initial synchronization information to UE. The initial synchronization information is delay time value to support uplink synchronization at UE. After calculation of initial synchronization information is completed, RNC transmit this information to UE via RRC message. 

· Code allocation of DPDCH: In order to support dedicated signalling and data transmission in USTS, UTRAN shall assign new scrambling and channelization code based on OVSF (orthogonal variable spreading factor) channel allocation rule. Scrambling code is used to identify each cell, and channelization code is used to identify each UE and physical channel. Scrambling and channelization code informations are transmitted with RRC message by UTRAN to allocate DPDCH for each UE.

· Maintenance of synchronous timing for dedicated channel transmission: To adapt time synchronization in UE, UTRAN transmits TAB (timing alignment bit) field replaced with TPC(transmit power control) field in slot #14 every two frames for each UE. When UE received TAB from UTRAN, transmission timing is arbitrated based on TAB value. If TAB = “0”, transmission time shall be delayed by 1/oversamples chip. If TAB = “1”, transmission time shall be advanced by 1/oversamples chip.   

· Re-establishment of synchronous timing information : When RRC connection using common physical channel is existed and allocation of first DPCH due to channel type switching or new radio bearer assignment is needed, UTRAN re-establishes initial synchronization via RRC message. 

3. Impact of USTS on WG2 specification 

To support USTS on radio interface, some RRC messages should be included some information such as scrambling code and channelization code based on USTS, code allocation method  and  initial synchronization information. To support USTS, some information element of following message should be modified.

3.1 RRC Connection Request Message

When UE has a capability of supporting USTS, RRC Connection Request message, which is transmitted from UE to UTRAN via RACH, should include USTS support indicator to notify whether the UE supports USTS or not. UTRAN decides that UE supports or not based on this indicator. 

3.2 RRC Connection Setup Message, RRC Connection Re-establishment Message

When UTRAN receives RRC Connection Request message(RRC Connection Re-establishment Request message), RNC checks whether the UE supports USTS or not using the USTS support indicator. In case the UE supports USTS, RRC at UTRAN transmits RRC Connection Setup message (RRC Connection Re-establishment message) with initial synchronization information after calculation of timing value for initial synchronization using reference time of each cell and time measurement value at Node B. Also, scrambling code and channelization codes are included by RRC Connection Setup message (RRC Connection Re-establishment message).

This information is used establishment of physical channel during RL setup procedure by UE. 

3.3 Radio Bearer Setup Message, Radio Bearer Reconfiguration Message

In cell-FACH state, signalling and user data traffic of UE transmit common channel. However, when signalling and user data traffic increase rapidly, new-dedicated channel should be allocated by UTRAN to transmit increasing UE traffic and  RRC state transmit cell-FACH to cell-DCH. In this case, Radio Bearer Setup message, which is transmitted UTRAN to UE to allocate DPDCH, shall include initial synchronization timing information, scrambling code and channelization codes. RRC at UE uses this parameter to setup dedicated physical channel.  

3.4 Transport Channel Re-configuration Message  

In radio interface between UE and UTRAN, UTRAN could perform channel type switching based on UE measurement result. When UE perform data transmission through common channel and signalling and user data traffic of UE increase rapidly, UTRAN request channel type switching to UE using Transport Channel Re-configuration message. Thus, USTS related information elements such as synchronization timing information, scrambling code and channelization codes are included by Transport Channel Re-configuration message to support USTS. RRC at UE use these information elements to setup dedicated physical channel.  

3.5 Physical Channel Reconfiguration Message

When the quantity of buffering information at UE or UTRAN increased and not supported sufficient transmission rate only using TF changing, new DPDCH shall allocated between UE and UTRAN after current DPDCH is released. In this case, Physical Channel Reconfiguration message shall include scrambling code and channelization codes. The initial synchronous information for new allocated DPDCH have to acquire from synchronous timing information of previous DPDCH.  Physical Channel Re-configuration Message is used at scrambling code reassignment for handover.

3.6 UE Capability Information Message

When UE has a capability of supporting USTS, UE Capability Information message, which is transmitted from UE to UTRAN, should include USTS support indicator to notify  UE supports USTS. 

3.7 Other impacts

To support USTS, CPHY-RL-Setup-REQ primitive, which is inter-layer interface primitive between RRC layer and physical layer, should include some parameters such as synchronization timing information, scrambling code and channelization codes. Also, CPHY-RL-Modify-REQ primitive should include some parameters such as scrambling code and channelization codes.

4. Conclusion 

  This document described necessary technical issue and impact of radio interface to support USTS. We will study detail information fields and operation procedure, and will submit results of further study in next meeting. 
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