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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The present document is to proceed the Release 2000 study item “Uplink synchronous transmission scheme”.
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 RAN1 and once included in Release 99. However, it is postponed to Release 2000 and it is now one of study items because of missing support from other WGs about the impact on higher layers, e.g.,RRC, Iu, Iur, and Iub interfaces. In Release 2000, the expected amount of work in RAN1 seems to be very small because most of the issues were already discussed and we are now elaborating the specifications in WG2 and WG3.

1
Scope 

The present document clarifies:

· what is the issue to be improved under the work task,

· requirements for the solution from UTRAN transport network configuration point of view,

· solution to solve the issue,

· possible impact of the solution on Release 99 specifications, and

· What Change request is needed to reflect the solution to enhance Release 99 specifications to Release 2000 specifications.

Transmission time control of each UE to orthogonalize receiving signals from UEs.

* 
Required modifications in Specifications

· Sections 5.3.2 Dedicated downlink physical channels of TS25.211 to include Time Alignment Bit (TAB) command 

· Section 7.6.3 Uplink/downlink timing at UE of TS 25.211 for initial synchronisation and tracking process (Closed Loop Timing Control)

     -      Adding one Section for the procedure for USTS in TS 25.214.

Code allocation to discriminate physical channels, users, and cells for USTS mode. 

*
Required modification in Specification

· Section 4.3.1.2 Code allocation for DPCCH/DPDCH of TS 25.213 to include the case of USTS.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.
[1] R1-99e68, “Uplink synchronous transmission scheme (USTS)”, SK Telecom

[2] R1-99j82, “Code allocation and timing control for USTS”, SK Telecom

[3] R1-99j84, “CR for TAB structure and timing relation for USTS in TS 25.211”, SK Telecom

[4] R1-99j85, “CR for channelisation code allocation for USTS in TS25.211”, SK Telecom

[5] R1-99j86, “CR for the procedure for USTS in TS25.214”, SK Telecom

[6] R1-99j87, “Initial synchronisation and CR for initial synchronisation for USTS in 25.215”, SK Telecom

[7] R1-99l29, “CR for TAB structure and timing relation for USTS in TS25.211”, SK Telecom

[8] R1-99l30, “CR for channelization code allocation for USTS in TS25.213”, SK Telecom

[9] R1-99l31, “CR for the procedure for USTS in TS25.214”, SK Telecom

[10] R1-00422, “CRs to 25.211, 25.213, and 25.214 for clean up of USTS related specifications”, SK Telecom

[11] R1-00451,”Proposed Work Item on USTS”, SK Telecom
[12] R2-99j93, “Proposed CR 107r1 to 25.331 on Modification of RRC message for USTS”, SK Telecom
3
Definitions, symbols and abbreviations

3.1
Definitions

No specific definition is made in this document.

3.2
Symbols

No specific symbol is defined in this document.

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

CFN                   Connection frame number

DPCCH              Dedicated physical control channel

DPDCH              Dedicated physical data channel

RTD                    Round trip delay

RTPD                  Round trip propagation delay

TAB                    Time alignment bit

Tref                                     Reference time

UE                      User equipment

USTS                  Uplink synchronous transmission scheme
UTRAN              Universal terrestrial radio access network

4
Overview of USTS
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. To orthogonalize receiving signals from UEs,
-
the network may allocate the same scrambling code to more than one UE,

-
the different channelization codes are allocated to all dedicated physical channels across all UEs in a cell and the spreading factor and node number of channelization code are delivered from network to each UE, and 
-
the signal transmission time of each UE is adjusted by UTRAN.

The spreading and modulation scheme for USTS is same as section 4 of TS 25.213. In case of USTS, the long scrambling code is used. However, this long scrambling code is not UE specific, but cell specific.  In order to generate the cell specific long scrambling code, the initial loading value of PN generator is determined by the network 

The channelisation codes for DPDCH and DPCCH in a UE are chosen to follow OVSF code allocation rule. More information about the method for the channelization codes allocation for USTS is described in this document later.
In a USTS mode, time alignment is required to preserve orthogonality between channelisation codes from different UEs and also to properly despread the cell-specific long scrambling code. The transmission time control is carried out by two steps. The first step is Initial synchronization and the second is tracking.
1) Initial synchronization: Adjust transmission time through the initial timing control message given by higher layer

2) Tracking process (Closed Loop Timing control): Adjust the transmission time through the Time Alignment Bit (TAB) over DPCCH.
First, let’s make clear the definition of the reference time. The reference time (Tref) is mainly dependent of the round trip propagation delay (RTPD) of first significant path, where RTPD is a function of the distance between Node B and UE, and the first significant path variation due to fading as well. The cell size is the main design parameter for Tref, however, it is up to network operators to determine the value of Tref. One simple way is to set Tref to the average value of the RTPD.
Figures 1 and 2 explain the measurement of RTPD and timing control, respectively, where the resolution is given by 1/oversampling rate. If the oversampling rate of a system is 8, the resolution comes to 1/8 and the timing counter increases by one every 1/8 chip interval.
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Figure 1: Measurement of RTPD 
[image: image2.wmf]NodeB

Local timing

UE

Local timing

T

P

UE RACH RX

Access slot

(5120 chips)

UE RACH TX

T

P

T

measure

n-

th access slot


Figure 2: Initial synchronisation and Tracking for DPDCH/DPCCH
In Figure 2, the RTPD can be calculated as 

RTPDmeasure = Tmeasure  mod  (5120 / resolution). 
                           (1.1)

And hence the initial synchronization time is obtained by 

TINIT_SYNC = Tref - RTPDmeasure.                                              (1.2)

5
Procedure of USTS
In case of USTS, the uplink DPCCH/DPDCH frame transmission for Initial synchronization takes place T0+TINIT_SYNC +DPCH,n from the beginning of each frame to overcome misalignment at an initial stage, where TINIT_SYNC is Initial synchronization time delivered by UTRAN. 
And the uplink DPCCH/DPDCH frame transmission for Tracking of USTS takes place approximately T0+TINIT_SYNC+DPCH,n ((T from the beginning of each frame, where (T is the resultant timing adjustment due to the timing control by TAB command bits. This timing adjustment needs to overcome a small-scale misalignment (i.e., variation in RTPD or RTD) at Node B due to the movement of UEs. And accordingly, it keeps the uplink DPCCH/DPDCH frame arrive at Node B at the same point of each frame which is determined during Initial synchronisation process.
5.1
Initial synchronization 
      -   UTRAN measures RTPD and set TINIT_SYNC to compensate the difference between the measured RTPD and Tref .
· The reference to the timing control for initial synchronization at UE is the time of reception of the beginning (the first significant path) of DPCCH/DPDCH frame from the Node B.
      -      The amount of time offset for initial synchronization is equal to T0+TINIT_SYNC.
      -     UE adjust its transmission time according to TINIT_SYNC delivered from UTRAN.
5.2
      Tracking 
-
Node B compares the desired receiving time with received signal timing from UE every 20msec.
-
The desired receiving time comes to T0+Tref, offset by DPCH,n from the beginning of each DPCCH/DPDCH frame.
-
When the received timing is earlier than the desired receiving time at a Node B, Time Alignment Bit (TAB) = "0". When this is later than the desired receiving time, TAB = "1".

-
TAB replaces the TPC bit in slot #14 in frames with CFN mod 2 = 0.

· At the UE, hard decision on the TAB shall be performed, and when it is judged as "0", the transmission time shall be delayed by 1/oversamples chip, whereas if it is judged as "1", the transmission time shall be advanced by 1/oversamples chip.
6
Code allocation for USTS
Basically  the channelisation code allocation for USTS is very similar to that for downlink because the same OVSF code is used for both cases. However, a special code allocation scheme is required for USTS due to the following facts:

· A whole set of OVSF code are shared by all UEs in a cell.

· At least two codes should be assigned to each UE for DPCCH and DPDCH.

In case of USTS, for the DPCCH, the UTRAN assigns a node number vc (0 ( vc ( 255) in the code-tree that corresponds to a channelization code of length 256. For a DPDCH, the UTRAN assigns a node number vd (0(vd(L-1) in the code-tree that corresponds to a channelization code of length L (i.e.,  SF for the UE). The sub-tree below the assigned node is used for spreading of DPDCH. When more than one DPDCH is to be transmitted, all DPDCHs have the same spreading factor of 4. In this case, the UTRAN assigns node numbers vd1, vd2, and vd3 (0 ( vd1, vd2, and vd3( 3) that correspond to channelization codes of length 4.
· The DPCCH is always spread by code Cch,0 = Cch,256,k, where k=vc.
· When only one DPDCH is to be transmitted, DPDCH1 is spread by code Cch,SF,k, where SF is the spreading factor of DPDCH1 and k= vd*SF/L.

· When more than one DPDCH is to be transmitted, all DPDCHs have spreading factors equal to 4 (i.e., L=4). DPDCHn is spread by the code Cch,n = Cch,4,k, where k = vd1 if n ( {1, 2}, k = vd2 if n ( {3, 4}, and k = vd3 if n ( {5, 6}.
As an example case, let’s consider a situation when L=4 and SF=8. Then, the DPDCH can be spread by one of Cch,8,0, Cch,8,2, Cch,8,4, and Cch,8,6. And the code for the DPCCH can be assigned any one from the codes not occupied by other channels if it does not violate OVSF code allocation rule.
7
Impacts of USTS on Interfaces
7. 1       Uu interface

7. 2       Iub interface

7.3        Iur interface

8
Associated signalling for USTS
9
Simulation results
9.1 Simulation environment

To be defined later.

9.2        Simulation results
                      To be shown later. 
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