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1 Introduction

USTS was introduced in 3GPP TSG RAN WG3#14 meeting and TR 25.839 for USTS was created in WG3#15 meeting. But any further process on USTS has not been made afterward due to the shortage of time. So in the last 3GPP TSG RAN Plenary meeting#11, USTS couldn’t be approved as a Work Item of Release 5 because the feasibility of USTS was not confirmed from WG3 especially regarding Iur interface even though USTS is feasible from WG1‘s point of view. 

As a leading working group of this item, WG1 has achieved a noticeable progress from feasibility study point of view. Consequently, WG1 concluded that USTS is feasible and provided the TR 25.854 (v1.0.0). The techniques to support USTS were covered in the TR 25.854, which inculdes timing control, scrambling/channelisation codes usage, and handover. Performance improvement was agreed through simulations. And the additional complexity in WG1 and the impact to WG2 were also discussed in the TR.

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, as soon as feedback from WG3 was received.
This document provides the brief summary of the WG1 TR and explains the parts relevant to handover in more details. And the expected impacts of USTS onto WG3 specifications and the comments from WG3#18 meeting  are discussed. 

In this meeting, it is expected to send a feedback to WG1 whether or not USTS is feasible from WG3‘s point of view.
2 Summary of leading WG’s TR (TR 25.854)

The WG1 TR covers all the issues including overall description, simulation results for USTS performance, complexity, and impacts to WG2. The study area part of the TR consists of three main issues; (1) timing control to make the receiving signals at the cell site synchronised (2) code usage for USTS to get orthogonal property (3) soft handover in USTS mode.

Timing control

In order to preserve orthogonality at the receiving side (Node B), the transmission timing at the UE side needs to be adjusted so that the arrival times in the Node B become 
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, where 
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 is DPCH frame timing offset [existing in the section 7 of TS25.211 v350]. The reference time 
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 is given to CRNC as initial loading data for USTS and informed to Node B for tracking process. 
---------------------- start copy from TR25.854----------------------

The reference time 
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 is given to RNC as initial loading data and the desired arrival time becomes 
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 ( {0, 1, …, 149}, the desired arrival time may exist every 256 chips according to 
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 and the orthogonality among channelisation codes can be preserved.
---------------------- end copy from TR25.854----------------------

The transmission timing control is performed in two steps. At initial synchronisation phase, the amount of adjustment 
[image: image11.wmf]SYNC

INIT

T

_

 is calculated by SRNC with the measured propagation delay and 
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, and this value is delivered to the corresponding UE. And then, the tracking process is performed in the Node B during call to compensate the variation due to UE movement in a very similar way to closed loop power control. During tracking process, the timing control commands [Tim Alignment Bits: TABs] are transmitted to the corresponding UE by puncturing TPC commands every two frames. 

---------------------- start copy from TR25.854----------------------

Closed loop timing control

· The proposed procedure is as follows;

· Node B compares the received arrival time with the desired arrival time from UE every 200 msec (according to WG4 UE transmit timing assumptions [1]).
· When the received arrival time is earlier than the desired arrival time at a Node B, Time Alignment Bit (TAB) is set to "0". When this is later than the desired arrival time, TAB = "1".

· TAB replaces the TPC bit in slot #14 in frames with CFN mod 2 = 0.
· At the UE, a number of Time Alignment Bits are combined over a 200 ms interval, which increases the reliability of the time alignment process. When the combined time alignment command is judged as "0", the transmission time shall be delayed by (T, whereas if it is judged as "1", the transmission time shall be advanced by (T. (T is the timing control step size, whose minimum value depends on the oversampling rate.
2.1 ---------------------- end copy from TR25.854----------------------

2.2 Code usage for USTS

2.3 USTS makes the signals orthogonal by sharing a common scrambling code and assigning different channelisation codes to the UEs similarly to the downlink. After descrambling, only channelisation codes need to remain as in the downlink to get orthogonality. To do so, the generation of the common scrambling code is controlled to start at a same reference time for all users and to be aligned in time domain for different users even when different 
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 is assigned to different DPCH.
Handover in USTS mode

There are four candidates for soft handover in the WG1 TR according to the modes in the original cell, in SHO region, and in the target cell. It is too lengthy to explain the details of all four candidates in this WG3 meeting. In this document, the candidate 3 is picked up for a representative example.

---------------------- start copy from TR25.854----------------------

For seamless communication, soft handover needs to be considered for USTS, where the different code usage of scrambling and channelisation codes, and the transmission timing control should be taken into account.

· The radio link can be in one of the following three modes:

· Normal mode : No timing control, UE discrimination by Scr code

· USTS mode : Timing control, UE discrimination by both Scr and Ch codes

Non-USTS mode : No timing control, UE discrimination by both Scr and Ch codes

The difference between Normal mode and Non-USTS mode is as follows. If one of the radio links to the cell sites in Active set is in USTS mode, it is discriminated by both scrambling code and channelisation codes assigned for USTS mode in all cells in Active set. Therefore, the other links should be in non-USTS mode. This is because the UE has only a single transmitter and there can be more than one UEs who enter the SHO region from the same original cell and accordingly, they use the common scrambling code and the discrimination can be done only by channelisation codes. In normal mode, the UEs in SHO region use their own unique scrambling codes.
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Figure 4.4 shows handover procedure for candidate 3 in more details. Both cells are in USTS mode, and UE2 and UE3 are in USTS mode with Node B1 and Node B2, respectively. When UE1 is in USTS mode, Node B1 assigns Scr1 and Ch3 to UE1. During soft handover, UE1 continues to use these codes and continues to be in USTS mode with Node B1. However, while UE1 is in SHO but it is in non-USTS mode with Node B2 because Tx timing of UE is controlled only to Node B1. When the UE1 moves out of SHO region, reconfiguration is required to assign new Scr and Ch codes and to inform the amount of timing adjustment for non-USTS to USTS transition. The amount of timing adjustment can be calculated with Round trip time measured in TS 25.215 (accordingly, RTPD) and 
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. At this point, abrupt timing control may be required, which results in transmission gap at UE1. The same procedure is also required for normal to USTS mode transition.
Figure 4.4 Two-way soft handover procedure for Candidate 3.

---------------------- end copy from TR25.854----------------------

It is recommended to refer to TR 25.854 itself for any more details.

3 Expected Impacts on WG3

7.1.1.1.1.1.1.1.1 General

· In this chaper, the followings will be clarified to give good understanding of USTS’s impacts to WG3

· What kind of parameters should be added

· Which messages will be affected in the point of each Interface

How will handover be supported with USTS technology

For USTS, USTS Indicator, USTS Support Indicator,  
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, 
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, USTS Scrambling Code, USTS Scrambling Code Offset,  and USTS UL Channelisation Code Number are necessary. The following will give the detail information of each one.

New parameters

New parameters for USTS
Functions
Messages
7.1.1.1.1.1.1.1.2 
USTS  Indicator
To let Node B setup the radio link in  USTS mode
S(C)RNC ( Node B

· RADIO LINK SETUP REQUEST
· RADIO LINK RECONFIGURATION PREPARE
7.1.1.1.1.1.1.1.3 

To let CRNC setup the radio link in  USTS mode
SRNC ( CRNC

· RADIO LINK SETUP REQUEST

· RADIO LINK RECONFIGURATION PREPARE
7.1.1.1.1.1.1.1.4 
USTS Support Indicator
To notify SRNC whether CRNC’s Node B supports USTS or not
CRNC ( SRNC

· RADIO LINK SETUP RESPONSE
7.1.1.1.1.1.1.1.5 
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To be calculated from 
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 and Propagation Delay in SRNC
N/A
7.1.1.1.1.1.1.1.6 
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To let Node B execute the tracking process with this
S(C)RNC ( Node B

· CELL SETUP REQUEST

· CELL RECONFIGURATION REQUEST
7.1.1.1.1.1.1.1.7 

To be given to CRNC as initial loading Data

To calculate 
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 in SRNC
CRNC ( SRNC

· RADIO LINK SETUP RESPONSE

· RADIO LINK RECONFIGURATION READY
7.1.1.1.1.1.1.1.8 
USTS Scrambling Code
To let Node B know the scrambling code of UE
S(C)RNC ( Node B

· RADIO LINK SETUP REQUEST
7.1.1.1.1.1.1.1.9 

To let CRNC know the scrambling code of UE (In case of handover)
SRNC ( CRNC

· RADIO LINK SETUP REQUEST
· RADIO LINK ADDITION REQUEST
7.1.1.1.1.1.1.1.10 

To let SRNC know the scrambling code of UE assigned by CRNC
CRNC ( SRNC

· RADIO LINK SETUP RESPONSE

· RADIO LINK RECONFIGURATION READY

USTS Scrambling Code Offset
To let Node B know the scrambling code offset of UE 
S(C)RNC ( Node B

· RADIO LINK SETUP REQUEST


To let CRNC know the scrambling code offset of UE (In case of handover)
SRNC ( CRNC

· RADIO LINK SETUP REQUEST
· RADIO LINK ADDITION REQUEST
7.1.1.1.1.1.1.1.11 
USTS UL Channelisation Code Number
To notify Node B of Channelisation Code information
S(C)RNC ( Node B

· RADIO LINK SETUP REQUEST
7.1.1.1.1.1.1.1.12 

To let CRNC know the channelisation code information of UE (In case of handover)
SRNC ( CRNC

· RADIO LINK SETUP REQUEST
7.1.1.1.1.1.1.1.13 

To retrieve Channelisation Code for USTS
CRNC ( SRNC

· RADIO LINK SETUP RESPONSE

· RADIO LINK RECONFIGURATION READY
7.1.1.1.1.1.1.1.14 
Table 3-1 New paramters for USTS

3.1.1 Impacts to Interfaces

3.1.2 Iub Interface

To support USTS in Iub Interface, the followings will be done.

· To transmit the USTS Indicator from CRNC to Node B, USTS Indicator should be added in NBAP messages, RADIO LINK SETUP REQUEST and RADIO LINK RECONFIGURATION PREPARE.

· Through CELL SETUP REQUEST and CELL RECONFIGURATION REQUEST, 
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 will be sent to Node B from CRNC and will be used to execute the tracking process in Node B.

· USTS Scrambling Code and USTS Scrambling Code Offset will be sent to Node B from CRNC through RADIO LINK SETUP REQUEST.
· In NBAP messages, RADIO LINK SETUP REQUEST and USTS UL Channelisation Code Number should be added to retrieve USTS channelization code.
Iur Interface

To support USTS in Iur Interface, the followings will be done. And these are very similar with Iub’s.

· SRNC should indicate to CRNC whether or not the UE is in USTS mode. Therefore, USTS indicator should be added in RNSAP messages, RADIO LINK SETUP REQUEST and RADIO LINK RECONFIGURATION PREPARE.
· To let SRNC know whether or not CRNC’s Node B supports USTS, USTS Support Indicator should be added in RNSAP messages, RADIO LINK SETUP RESPONSE (in neighbouring cell informaiton).

· To transmit the 
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 of CRNC’s node B to SRNC, 
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 should be added in RNSAP messages, RADIO LINK SETUP RESPONSE in the case of set up with USTS and RADIO LINK RECONFIGURATION READY in the case of change mode from non-USTS or normal to USTS when USTS indicator has been received by DRNC.

· USTS Scrambling Code and USTS Scrambling Code Offset will be sent to CRNC from SRNC through RADIO LINK SETUP REQUEST and RADIO LINK ADDITION REQUEST in the case of handover

· To send the USTS Scrambling Code assigned by CRNC to SRNC, USTS Scrambling Code should be added in RNSAP messages, RADIO LINK SETUP RESPONSE and RADIO LINK RECONFIGURATION READY.

· USTS UL Channelisation Code Number will be sent to CRNC from SRNC through RADIO LINK SETUP REQUEST in the case of handover

To send the USTS UL Channelisation Code Number assigned by CRNC to SRNC, this IE should be added in RNSAP messages, RADIO LINK SETUP RESPONSE and RADIO LINK RECONFIGURATION READY.

Iu Interface

No impact on Iu Interface.

3.1.3 Procedures

Mode Change procedure

The main principle to support USTS during handover or RRC state change is Mode Change.

The Mode Change from USTS to non-USTS will be executed at the beginning of handover if necessary. And the reverse mode change, from non-USTS to USTS will be executed at the end of handover or RRC State change if necessary. So with this Mode Change, all soft handover are possible with USTS.

In the last call flow ( Inter RNS Handover procedure ), it will be shown how Mode Change can be applied to support soft handover with USTS technology.

The following is the procedure of Mode Change. Mode Change will be at the end of soft handover procedure. The scrambling and channelisation codes for USTS will be assigned to UE and UE will synchronize the timing with 
[image: image24.wmf]SYNC

INIT

T

_

 which was calculated by SRNC. From Mode Change UE can get the timing control and the codes for USTS.

RADIO LINK RECONFIGURATION PREPARE

This message transmits USTS Indicator to DRNC from SRNC. DRNC will be requested by SRNC whether or not the UE would be in  USTS mode with USTS Indicator.
RADIO LINK RECONFIGURATION PREPARE

This message sends USTS Indicator , USTS scrambling code, and USTS UL Channelisation Code Number to Node B from DRNC.

RADIO LINK RECONFIGURATION READY

NBAP Message RADIO LINK RECONFIGURATION READY is sent from DRNC’s Node B to DRNC.

RADIO LINK RECONFIGURATION READY

This message transmits 
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, USTS scrambling code, USTS scrambling code Offset, and USTS UL Channelisation Code Number to SRNC from DRNC.

RADIO LINK RECONFIGURATION COMMIT

RNSAP Message RADIO LINK RECONFIGURATION COMMIT is sent from SRNC to DRNC.

RADIO LINK RECONFIGURATION COMMIT

NBAP Message RADIO LINK RECONFIGURATION COMMIT is sent from DRNC to Node B.

PHYSICAL CHANNEL RECONFIGURATION

SRNC sends RRC message PHYSICAL CHANNEL RECONFIGURATION to UE.

1. Actualizing modification

Both UE and Node B actualise modification of the physical channel.

PHYSICAL CHANNEL RECONFIGURATION COMPLETE

UE sends RRC message PHYSICAL CHANNEL RECONFIGURATION COMPLETE to SRNC.
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Example call flows of USTS

The following are call flows for USTS. The first one is for basic call that Iur Interface is  not necessary, and the second is for the call which needs Iur Interface because of RRC State Change. And the last one is for the call which have to use Iur Interface because of Inter RNS handover.

3.1.3.1.1  Call flow of USTS without Iur Interface
Call Setup

This is the basic call procedure for USTS. In this scenario, Iur Interface is not necessary. So SRNC and CRNC are same.

RRC CONNECTION REQUEST

UE sends RRC message RRC CONNECTION REQUEST to SRNC.

RADIO LINK SETUP REQUEST

This message transmits USTS Indicator, USTS Scrambling Code, and USTS UL Channelisation Code Number to the Node B.

RADIO LINK SETUP RESPONSE

Node B allocates resources, starts PHY reception, and responses with NBAP message RADIO LINK SETUP RESPONSE.

RRC CONNECTION SETUP

SRNC sends RRC message RRC CONNECTION SETUP to UE.

RRC CONNECTION COMPLETE

UE sends RRC message RRC CONNECTION COMPLETE to SRNC.
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3.1.3.1.2  Call flow of USTS with Iur Interface
RRC State Change
Regarding to RRC state changes which gives some impacts on procedures for USTS, Two cases could be considered. One is the transition from CELL_DCH to CELL_FACH state, which might occur when all dedicated channels have been released via explicit signalling (e.g. PHYSICAL CHANNEL RECONFIGURATION, Radio Bearer Reconfiguration, Radio Bearer Release, Radio Bearer Setup, Transport Channel Reconfiguration, etc.). The other case is the transition from CELL_FACH to CELL_DCH state, which might occur, when a dedicated physical channel is established via explicit signalling (e.g. PHYSICAL CHANNEL RECONFIGURATION, Radio Bearer Reconfiguration, Radio Bearer Release, Radio Bearer Setup, RRC CONNECTION REESTABLISHMENT, Transport Channel Reconfiguration, etc.). 
Transition from CELL_DCH to CELL_FACH state
 Since there exists no more dedicated channel in this case, No additional procedures are required
Transition from CELL_FACH to CELL_DCH state
 In this case, dedicated channel is established by explicit signalling. New parameters for USTS should be added to the messages in the process of state transition, which follows Mode Change procedure described above. When this transition is associated with handover, call flow for USTS is illustrated in Figure 3-3.
This is the call procedure for USTS which needs Iur Interface because of RRC state change. In this scenario, Iur Interface should be considered. So the impact of RNC will be described in the point of  SRNC’s and CRNC’s.

0. UE was moved to CRNC’s Node B with CELL_FACH state, and is going to be CELL_DCH state
RADIO LINK SETUP REQUEST

This message transmits USTS Indicator to CRNC from SRNC. CRNC will be known whether or not the UE will be in USTS mode with USTS Indicator.
RADIO LINK SETUP REQUEST

This message transmits USTS Indicator, 
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, USTS scrambling code, and USTS UL Channelisation Code Number to Node-B from CRNC.

RADIO LINK SETUP RESPONSE

Node B allocates resources, starts PHY reception, and responses with NBAP message RADIO LINK SETUP RESPONSE.

RADIO LINK SETUP RESPONSE

This message sends USTS Support Indicator, 
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, USTS scrambling code, USTS Scrambling Code Offset, and USTS UL Channelisation Code Number to SRNC from CRNC.

RADIO BEARER SETUP

SRNC sends RRC message  RADIO BEARER SETUP to UE.

1. Actualizing modification

Both UE and Node B actualise modification of the physical channel.

RADIO BEARER SETUP COMPLETE

UE sends RRC message RADIO BEARER SETUP COMPLETE to SRNC.
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Inter RNS Handover
This is the call procedure for USTS which needs Iur Interface due to handover. In this scenario, Iur Interface should be considered. So the impact of RNC will be described as SRNC’s and CRNC’s impacts.

1. ---------------------------- The following is Mode Change procedure ---------------------------

RADIO LINK RECONFIGURATION PREPARE

This message transmits USTS Indicator to DRNC from SRNC. DRNC will be requested by SRNC whether or not the UE would be in  USTS mode with USTS Indicator.
RADIO LINK RECONFIGURATION PREPARE

This message sends USTS Indicator , USTS scrambling code, and USTS UL Channelisation Code Number to Node B from DRNC.

RADIO LINK RECONFIGURATION READY

NBAP Message RADIO LINK RECONFIGURATION READY is sent from DRNC’s Node B to DRNC.

RADIO LINK RECONFIGURATION READY

This message transmits 
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, USTS scrambling code, USTS scrambling code Offset, and USTS UL Channelisation Code Number to SRNC from DRNC.

RADIO LINK RECONFIGURATION COMMIT

RNSAP Message RADIO LINK RECONFIGURATION COMMIT is sent from SRNC to DRNC.

RADIO LINK RECONFIGURATION COMMIT

NBAP Message RADIO LINK RECONFIGURATION COMMIT is sent from DRNC to Node B.

PHYSICAL CHANNEL RECONFIGURATION

SRNC sends RRC message PHYSICAL CHANNEL RECONFIGURATION to UE.

2. Actualizing modification

Both UE and Node B actualise modification of the physical channel.

PHYSICAL CHANNEL RECONFIGURATION COMPLETE

UE sends RRC message PHYSICAL CHANNEL RECONFIGURATION COMPLETE to SRNC.

-----------------------------The end of mode change procedure---------------------------------
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4 Conclusion and Proposal

According to the decision of last RAN plenary#11, WG1 is expecting the Liaison from WG3 which reports about the feasibiliy of USTS in point of WG3.

In chaper 2, TR25.854 was summaried to introdue the USTS technology in the view of WG1. The timing control to make the receiving signals at the cell site synchronised and code usage for USTS to get orthogonal property and soft handover in USTS mode were explained.

In chaper 3, the impacts to WG3 were introduced and new parameters to be added in RNSAP and NBAP messages and basic call procedure and Handover procedures with Iur interface were explained. 

Chapter 3 is same as the section 6.3 of TR 25.839. Therefore, it is suggested that the contents of chapter 3 will be added in the section 6.3 of TR 25.839.
From the feasibility study of USTS in previous chapters, the technology of USTS is feasible in the point of WG3. So it is suggested that following Liaison be sent from WG3 to WG1 and WG2.
TSG-RAN WG 3  meeting #20 
                                                 TSGR3#20(01)XXXX

Beijing, China, 2nd -6th April, 2001
SOURCE:  TSG RAN WG3

To:
TSG RAN WG1

CC:
TSG RAN WG2

Title:           Draft LS on feasibility of USTS in point of WG3

Contact: jhpark90@sktelecom.com
· In the last RAN#11 meeting at Palm Springs, USA. WG3 was asked to study on the feasibility of USTS regarding Iur interface to support handover. So WG3 discussed on the following issues;

· New parameters to be added in RNSAP and NBAP messages

· Basic call procedure

Handover procedures with Iur interface

Based on the discussion, the expected impact on WG3 specifications is not significant. Accordingly, WG3 would like to inform the Leading WG (WG1) that it was concluded that USTS is feasible from WG3 point of view.
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