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Foreword

This Technical Specification has been produced by the 3™ 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 thefirst digit:
1 presentedto TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.



1 Scope

This TR describes the solution recommended to enable the synchronisation of NodeBs in UTRA TDD beyond
that included in Rel. 99.

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 aspecific reference, subsequent revisions do not apply.

?? For anon-specific reference, the latest version applies.

[<seg>] <doctype> <#>[ ([up to and including]{ yyyy[-mm]|V<d[.b[.c]]>}[onwards])]: "<Title>".
[14] 3G TS 25.123: "Example 1, using sequence field".
[2] 3G TR 29.456 (V3.1.0): "Example 2, using fixed text".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the [following] terms and definitions [givenin ... and the following]
apply.
Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2 Symbols

For the purposes of the present document, the following symbols apply:
Symbol format

<symbol> <Explanation>

3.3 Abbreviations

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

<ACRONYM> <Explanation>

4 Background and Introduction

NodeB synchronisation for TDD is arelease 2000 work item that was agreed in RAN#7 plenary meeting. This
work item involves the introduction of functionality to enable nodeBs to be synchronised.

This report identifies the required modifications within the UTRA layers 1/2/3.  The method described isin
addition to the Rel. 99 feature of the synchronisation port contained in TS 25.402.



5 Motivation

Cell synchronisation is planned for UTRA TDD in order to fully exploit the system capacity. There are several
factors, that have an impact on the system capacity. The most important ones are:

?? Inter-dlot interference: without frame synchronisation there could be leakage from an UL timeslot into a DL
timeslot, especially crucia for the UE due to the potentialy close distance between UEs and the near-far
effect.

?? neighbouring cell monitoring: In TDD mode, certain measurements have to be performed in certain parts of
certain timeslots of neighbouring cells. Without cell synchronisation, the UE would have to synchronise
itself before being able to perform the measurements.

?? Handover: The TDD mode may use timing advance in order to align receptions from all UEs at the cell’s
receiver. After a handover, the UE has to start transmission in the new cell with a timing advance value as
good as possible. With the assumption, that the TDD cells are synchronised to each other, the handover
performance can be optimised.

6 Accuracy Requirements

Several issues have been identified as of key importance in determi ning the accuracy requirements that the
solution for synchronisation between cells should fulfill:

1) Impact of Time Error on Inter Slot Interference
2) Impact of Time Error on Timing Advance Adjustment for handover
3) Impact of Cell Timing Adjustments on UE receive and tracking performance

The minimum requirement for cell synchronisation accuracy in order to minimise the above impacts on the
system performance has been defined by WG 4 to be 3 ?s. The accuracy is defined as the maximum deviation in
frame start times between anv pair of cells that have overlapp| ng coverage areas hastobe definedA-first

In addition to the above requirement, the chosen solution should provide the option, that the accuracy can be
enhanced, e. g. viamore frequent measurements.

It is advantageous to signal information about the synchronisation accuracy to the UE for handover, so that the
UE can apply the proper timing advance procedure as described in section 7.3.

7 General-Concept of Node B Synchronisation

7.1 General

Fhe different solutionsto |n addition to proprietary means there are two ways to achieve cell synchronisation in
a TDD _systemcan-be grouped-into-two-mainclasses:

?? Synchronisation of nodes Bsto an ext ernal reference via the synchronisation port standardised for Rel. 99
?? Synchronisation of cells or Node Bs via the air interface described in this report forte-be-Hacluded-in Rel.

A 5 awbacksThe solution described in this report allows
a m|xture of both schemes, i. e. some cells may be Svnchromsed over the air, some via the synchronisation port.




In general, at least one time reference (e. g. GPS) is needed for each island of cells having connectivity to each

other..-and-a solution shall be adopted that combines both technigues

The RNC shall be the master of the synchronisation process, since the measurements either performed by a cell
or by aUE, shall be signalled to and processed by the RNC.

Fhismeansthat at least A new procedure facilitates the transmission of measurements and commands- between
the RNC and the node B-is and as well as allows the adjustment of the
node B timing. Details of this Drocedure can befound in TR 25. 838

7.2 Synchronisation Procedurelayer1-concepts

Fhelayer1 concept-methodT he synchronisation procedure is based on using-+afreguent transmissions of cell
synchronisation bursts in predeterminedthe PRACH time slots based on an RNC schedule. Such soundings

between neighbouring cells facilitate timing offset measurements by the cells. The timing offset measurements
are reported back to the RNC for processing. The RNC generates cell timing updates that are transmitted to the
Node Bs and cells for implementation. CEC sequences with multiple offsets are used as cell synchronisation

bursts. The synchronisation procedure has two phases:

Initial Synchronisation

1. TheRNC sends arequest over the relevant lub to the cell(s) with GPS reference for atiming signal. The
RNC adjustsits clock appropriately, compensating for the known round trip lub delay.

2. TheRNC sendstiming updates over the lub to all the cells, apart from the one containing the GPS,
instructing them to adjust their clocks towards its own timing. Each of the timing offsetsis again adjusted by
the lub round trip delay for that cell.

3. At this point, none of the cellsis supporting traffic so alarge proportion of the time can be given over to
achieving synchronisation. It is assumed that there is as yet no information available on which to base the
generation of are-use pattern for sync transmissions. Thus all cells are instructed to transmit their cell sync
burstsin turn one after the other withno re-use, i. e. the same sync burst sequence and offset is used by all
cells.

4, All cellslisten for transmissions and those which successfully detect a cell sync burst report their timing and
received S/(N+1) to the RNC over the relevant lub. Knowing the schedule, the RNC is able to determine the
cell which made the transmission and place a measurement entry in the relevant place in its measurement
matrix. After all cells have made their transmissions, the RNC computes the set of updates which will bring
the cells nominally into synchronisation.

5. Steps 3 and 4 are repeated several times (typically 10). This serves two purposes:-

?? Therapid updates allow the correction of the clock frequencies as well asthe clock timingsto be
adjusted in a short space of time. This rapidly brings the network into tight synchronisation.

?? The S/(N+I) values are averaged over this period. This provides more accurate measurements
(averaging over noise and fading) which can be used in the automatic generation of are-use plan.

6. The S/(N+I) values are used, automatically, to plan are-use pattern. Thisis performed as follows:-

?? A matrix of minimal connectivity is computed on the basis of designating pairs of cells are minimal
neighbours if either their estimated average S/(N+1) exceeds athreshold or if they have mutual
neighbours.

?? Theset of cellsisdivided into partitions of cells. Each partition must satisfy the requirement that no
pairs of cellswithin that partition are minimally connected. All cells within a partition transmit the same
code offset in parall€l.

Steady-State Phase

7. All of the cellsin the same partition are arranged to transmit / receive in the same cell sync frames according
to the above procedure and they transmit the same code offset in parallel. All cells report the reception times
for all relevant code offsets back to the RNC.

8. At theend of each cycle, the RNC collates the information. In general there should always exist a path of
bidirectional valid measurements that link every cell either directly or indirectly to the cell with UTC
capability. However, the model is arranged such that only those cells which have such a path will be updated
on any given occasion.

9. Theprocess of partition transmissions and updating then continues indefinitely.

Lateentrant Node Bs




The scheme for introducing new nodeBs into a synchronized RNS s as follows:

1

Thereisaspecialised sync transmission at reqular intervals or event driven. A single common code(i.e.

with the same, nominally zero, shift) is transmitted in parallel by all NodeBs which are synchronised in the
system. The late entrant NodeB will correlate against the specialised sync transmissions. The late entrant
NodeB will take the earliest reception as the timing of the system.

Thus, at this point, the |ate entrant NodeB has obtained system time, subject to an unknown propagation

delay between it and its nearest neighbour. The late entrant NodeB cannot, at this time, tell which of its
neighboursisthe nearest. However, thislevel of synchronisation is good enough that from then on the late
entrant NodeB can distinguish the overlaid normal sync transmissions unambiguously for the various code
shifts.

After this time the late entrant NodeB can measure the timings of sync transmissions received from specific

NodeBs and report these to the RNC. In turn, the RNC can qive the |ate entrant NodeB its own schedules for
sync transmission and to use one or more of these. The RNC can then use the bi-directional sounding, which
will then be available, to compute the true timing error and to instruct the NodeB to adjust its timing

appropriately.

For handover the UE mayeeuld be provided with information about the synchronisation accuracy of the new cell
so that it can apply the proper timing advance value and procedure in the new cell:

1

Inlarge cellsand low sync accuracy (=—2.5-3 us), HO will be done without TA, so that the maximum timing
error would be twice the propagation delay, e. g. 6 us or 24 chips for 1 km radius—FA-would-only be useful
foracell-largerthan 1.5 kminradius . It might be advantageous to transmit a special burst type 3.

In large cells with medium sync accuracy (e-g-e. g. 0.5 us) HO will be performed with TA autonomously
calculated by the UE. However, the UE will correct the calculated TA value for the sync inaccuracy. The
maximum timing error would be for the example given 24 us or 816 chips. For an estimation window of 57
chipsthisisbetolerable. Even the TA step sizeis 4 chips. The correction valueis calculated in the RNC and
signalled to the UE before handover execution.

In large cells with high sync accuracy (+- 100 ns) autonomous TA calculation in the UE will be used after
HO. The maximum timing inaccuracy will be 400 ns.

In small cells no TA shallwiH be used. The maximum timing inaccuracy will be twice the propagation delay.

Thefiguresin the description abovedessription-aboveis are just an example. The difference between small cells
and large cellsis whether TA has to be appliedisheeded in these cells or not.
Higher layer signalling determines, whether TA isused in acell or not and whether it shall be applied in a new

cell after handover.

If the synchronisation accuracy is signalled in the handover phase, then the UE shall adjust its autonomously

ca cuI ated TA val ue accordl naly.




8 Impact on Interfaces

8.1 Uu Interface

Thereisan impact in the transmitting as well asin the receiving cell.
In the transmitting cell, a RACH timeslot is blocked during synchronisation burst transmission. In the receiving
cell the Synchronisation Burst isinterfered by PRACH bursts aswell asit generates interference for these. In
order to avoid these known losses of RACH transmissions, the UEs may be informed about timeslots that are
blocked for cell sync burst transmissions. H-is-highly-desirable that the UE performance be unaffected by these

in more detail in R1-00-1351 (see Annex A). Different code offsets are used in order to preserve the correlation

property of these sequences.
For handover the UE mayceuld be provided with information about the synchronisation accuracy so that it can

apply the proper timing advance value and procedure in the new cell as described in section 7.3.

8.2 lub Interface

The messages between a NodeB and the RNC haveto-be standardised-—-are described in detail in TR 25.838.
In the uplink these messages are:

?? Neighbouring cell measurements

?? Timing information

In downlink these are:
?? Timing adjustment commands
?? Transmit and receive schedule

8.3 lur Interface

Each RNC areais synchronised individually to at least one reference UFCclock (e. g. GPS). This automatically
ensures synchronisation between RNC areas. Therefore, no communication over lur is necessary for cell
synchronisation between RNC areas.

9 Impact on network elements

9.1 UE

The UE shall may-berequiredto have the capability to take into account the blocking of timeslotsin up- andfor
downlink.

It could shall support the synchronisation accuracy signalling mechanism and have the capability to ef-correcting
its TA value forafter handover.

9.2 NodeB

The cellsshallhaveto support the reception of the Cell Synchronisation Bursts as well as measure the reception
time. In addition, the cells have to support the transmission of the Cell Synchronisation Burst.



Furthermore, the cellsshall have to provide means for adjusting their timing and optionally the clock rate on
command. The changesin the NBAP protocol have to be supported.

9.3 RNC

The RNC has the control of the whole algorithm. It shallhaste initialise, establish and maintain a connectivity
plan. It shallhaste collect measurements and compute adjustment commands as well as support the necessary
NBAP signalling. It mayceuld estimate the synchronisation accuracy between cells and signal the relevant
information to the UEs for handover. All algorithmsinvolvedin the computation of timing updates and
schedul es willare-be proprietary.

10 Performance Analysis

A performance analysisisincluded in Tdoc R1-00-0074. Thereit is shown, that it is possible, to fulfill the
accuracy requirements for support of LCS. The resource stealing for thisisin the order of 0.5 % of the RACH
capacity. The resource stealing neccesary for the minimum requirements is considerably lower and in the order
of 0.042 % of the RACH capacity.

11 Backward Compatibility

UTRAN: The synchronisation over the air in Rel. 42000 can be used in addition to and in combination with the
synchronisation viathe sync port in Rel. 99. Therefore, backward compatibility is ensured for the UTRAN.

UE: The Rel. 99 UE’s are affected by the blocking of RACH resourcesin certain timeslots, i. e. these UEs are
not aware, that their RACH transmission in certain timesl ots cannot be successful. However, thisisnot regarded
asaproblem, since the algorithms involved in the RACH transmission have to cope with a RACH failure in any
case.

Annex A

R1-00-1351.zip
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