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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 digitisincremented 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<g[.b[.c]]>}[onwards])]: "<Title>".
[1] 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, especialy crucia for the UE due to the potentially 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 determining 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 any pair of cellsthat have overlapping coverage areas

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 Concept of Node B Synchronisation

7.1 General

In addition to proprietary means there are two ways to achieve cell synchronisationin a TDD system:
?? Synchronisation of nodes Bsto an external reference viathe synchronisation portstandardised for Rel. 99
?? Synchronisation of cells or Node Bsviathe air interface described in this report for Rel. 4

The solution described in this report allows a mixture of both schemes, i. e. some cells may be synchronised 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.

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.



A new procedure facilitates the transmission of measurements and commands between the RNC and the node B
aswell as allows the adjustment of the node B timing. Details of this procedure can be found in TR 25.838.

7.2 Synchronisation Procedure

The synchronisation procedure is based on using transmissions of cell synchronisation burstsin predetermined
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. The RNC sendstiming updates over the lub to all the cells, apart from the one containing the GPS,
instructing them to adjust their clocks towardsits own timing. Each of the timing offsetsis again adjusted by
the lub round trip delay for that cell.

3. Atthispoint, 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 areinstructed 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+) 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 al cells have made their transmissions, the RNC computes the set of updates which will bring
the cells nominally into synchronisation.

5. Steps3and 4 are repeated several times (typically 10). This serves two purposes:-

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

?? The S/(N+1) 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
neighboursif either their estimated average S/(N+l) 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 parallel.

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. Attheend 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 continuesindefinitely.

Lateentrant Node Bs

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

1. Thereisaspecialised sync transmission at regular intervals or event driven. A single common code (i.e.
with the same, nominally zero, shift) istransmitted 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.



2. Thus, at thispoint, the late 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.

3. After thistimethe 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 give the late 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.

7.3 Potential Improvements for Handover

For handover the UE may 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. Inlargecellsand low sync accuracy (3 us), HO will be done without TA, so that the maximum timing error
would be twice the propagation delay, e. g. 6 usor 24 chipsfor 1 km radius . It might be advantageous to
transmit a special burst type 3.

2. Inlarge cells with medium sync accuracy (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 2 s or 8 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.

3. Inlarge cellswith 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 cellsno TA shall be used. The maximum timing inaccuracy will be twice the propagation delay.

The figuresin the description above are just an exanple. The difference between small cellsand large cellsis
whether TA hasto be applied 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
calculated TA value accordingly.

8 Impact on Interfaces

8.1 Uu Interface

Thereisan impact in the transmitting as well asin the receiving cell.

In the transmitting cell, aRACH timeslot is blocked during synchronisation burst transmission. In the receiving
cell the Synchronisation Burst isinterfered by PRACH bursts as well 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.

The cell sync codes to be used are Concatenated periodically Extended Complementary sequences as described
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 may 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 aNodeB and the RNC 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 clock (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 have the capability to take into account the blocking of timeslotsin up- and downlink.
It shall support the synchronisation accuracy signalling mechanism and have the capability to correct its TA
value for handover.

9.2 Node B

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

Furthermore, the cells shall 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 shall initialise, establish and maintain a connectivity plan. It
shall collect measurements and compute adjustment commands as well as support the necessary NBAP
signalling. It may estimate the synchronisation accuracy between cells and signal the relevant information to the
UEsfor handover. All algorithmsinvolved in the computation of timing updates and schedules are proprietary.

10 Performance Analysis

A performance analysisisincluded in Tdoc R1-00-0074. There it 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 requirementsis considerably lower and in the order
of 0.04 % of the RACH capacity.



11 Backward Compatibility

UTRAN: The synchronisation over the air in Rel. 4 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 timeslots cannot be successful. However, the algorithms
involved in the RACH transmission have to cope with aRACH failure in any case.

Annex A

3GPP TSG RAN WG1#17 R1- 00- 1351
Stockholm / Sweden

November 21% - 24", 2000

Agenda ltem: AH30

Sour ce; Siemens, Mitsubishi Electric

Title: CEC sequences with multiple offsets for Node B syncin UTRA TDD

Document for: Discussion and Decision

Summary

It has been proposed to use Concatenated periodically Extended Complementary sequences [2] for inter-base
station synchronisation in UTRA TDD. CEC-sequences provide a perfect channel estimation window, i.e. no
auto-correlation side lobes at al around the main correlation peak in a window of adjustable size, whilst till
exhibiting excellent auto-correlation properties for the overall aperiodic auto-correlation function. Due to the
existence of low complexity matched-filter structures for Polyphase complementary pairs, a significant
computational complexity reduction can also be achieved for correlation with CEC-sequences.

The option that several Node B's within one RNS transmit their cell sync bursts simultaneously, i.e. in the same
PRACH timeslot has been proposed recently [1]. The introduction of this option into the current Node B sync
concept could allow a more efficient usage of the allocated resources and could also alow more frequent
measurement occasions. A straightforward approach for enabling simultaneous reception and detection of more
than one neighbouring Node B is to assign them different code offsets by means of cyclically shifted versions of
one common basic sequence.

In this contribution, the construction of CEC-sequences is extended to the multiple code offset case and it is
shown that these Node B sync sequences offer the same advantages as the original ones in terms of their auto-
correlation properties and low-complexity receiver implementation.

Introduction

The construction principle of the original CEC-sequences as proposed in [2] is shown in Figure 1. The basic
sequences s(n) and g(n) make up a Golay or Polyphase complementary pair with an integer power of 2 aslength.
The sum of the aperiodic auto-correlation functions of acomplementary pair yields a perfect Dirac-function.
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Figure 1: Construction principle of the CEC-sequences without code offset

The receiver in a first step correlates the overall received signal separately with a local replica of s(n). In a
second step, it correlates at a N+2 K chip offset with alocal replica of g(n). Finally, the auto-correlation sum is
obtained after adding up corresponding matched-filter outputs.

It can be shown that following the construction principle in Figure 1, a perfect auto-correlation window of size
+K can be obtained around the main correlation peak. The size of the perfect auto-correlation window is scalable
and dependent on the length of the pre- or post extensions. In addition, the overall aperiodic auto-correlation
properties, i.e. outside the window are better than can be obtained by a Gold-sequence of comparable length.

In an aternative way, CEC-sequences could be constructed from a complementary pair by either leaving out the
pre- or the post-extension for each of the basic sequences . Without pre-extensions, the overall CEC-sequence
would look like shown inFigure 2.

s(n) a(n)
A N

\ Cyclic Extensions /

Figure 2: CEC-sequences with post-extensions only

The receiver would in a first step correlate the received signal with a cyclically rotated version of s(n), here
denoted as s'(n). The elements of this local replica s'(n) are obtained from the original basic sequence s(n) as
being,
S??g Sknyi | ? N?:K?1y2

SSxupion 12 N?2K 2172

Here, K denotes the length of the post-extension and N the length of the complementary pair. If K is an odd
- r r
number, the nominal code correlation position startswith s; where i ? (K ?1:/2?1.

The receiver would in a second step proceed in an analogue way correlate the received signal with a cyclically
rotated version of g(n) at the time offset N+ K chips and finally add up corresponding correlation values from the
first and second step in order to obtain the auto-correl ation sum.

When removing the pre-extension and correlating with a cyclically rotated version of the basic sequences, the
size of the perfect auto-correlation window around the main correlation peak is reduced to +K/2. If K is not an
odd number, the perfect auto-correlation window becomes very slightly asymmetrical.

CEC-sequences derived following either Figure 1 or Figure 2 are equivalent, both have excellent aperiodic auto-
correlation properties and for both the possibility to use low-complexity eceiver structures for Polyphase
complementary pairs exists. However, CEC-sequences with post-extension only, such as shown in Figure 2 are
conceptually closer to the multiple code offset case that is described in the next section.

CEC-sequences with multiple code offsets

If CEC-sequences are derived as in Section 0, a single Node B sync sequence is obtained from a single Golay or
Polyphase complementary pair. When several Node B's in a RNS shall be enabled to transmit simultaneously,
they can be differentiated by either



(1) using different complementary pairs or
(2) using different code offsets of the same complementary pair

for constructing different Node B sync sequences.

The second option offers the advantage that because of the perfect auto-correlation sum property of
complementary pairs, orthogonality is preserved between different Node B sync sequences derived from the
same complementary pair by means of a different code offset. It is therefore advantageous to generate a family
of CEC-sequences from one particular Golay or Polyphase complementary pair by allowing variable cyclic shifts
of the basic sequencess(n) and g(n). The construction principle is shown in Figure 3 and Figure 4.
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Figure 3: Deriving different code offset versions of the basic sequence s(n)
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Figure 4: Deriving different code offset ver sions of the basic sequence g(n)

The cyclically shifted versions of s(n) and g(n), referred to as S,,(n) and Gy,(n) for code offset m are derived by
selecting appropriate elements from the repetitions of s(n) and g(n) respectively. The periodically repeated

25 i?N
59 !

version of s(n) is denoted by s.(n), with its elements given as S, ? 1 ) .
"8,y 17N

Then the elements of Sy(n), denoted as Sy aregivenby S, ? S, ;521712 - Where w is the offset in terms of the

number of code elements. Typically w is chosen to equal K and the total available number of offsets M is then
given by M=N/K athough other relationships are not excluded. The corresponding cyclically shifted versions of
Gm(n) are constructed in identical fashion.

The overall Node B sync sequence derived from a particular Golay or Polyphase complementary pair s(n) and
g(n) and corresponding to a particular code offset misfinally given by the concatenation of Sy(n) and Gy(n) as
illustrated in Figure 5. Node B sync sequences build from CEC-sequences with multiple code offsets have an
overall length of 2(N+K) chips.

| Sy(n) | Gyln) |

Figure 5: Node B sync sequence derived from a complementary pair s(n) and g(n) for code offset m

The receiver in a first step cyclically correlates the first half of the overall received signal with a local replica
s'(n) whose elements are derived from s(n) as in Section 0. The first K chips of the N+K chip long segment
corresponding to s(n) are discarded. This is equivalent to the computation of the periodic auto-correlation with
the local replicas'(n) by means of acyclic shift register.



The correlation with g'(n) is done in a second step in an analogue manner on the second half of the overall
received signal. By discarding the first K chips, any undesired cross-correlation between the parts corresponding
to s(n) and g(n) due to amulti-path channel with channel impulse response length smaller than K can be avoided.
Finally, the auto-correlation sum is obtained after adding up corresponding matched-filter outputs from the first
and second step.

A typical auto-correlation obtained for the case of N=1024 and M=16 possible code offsets with a resolution of
K=64 chips between different smultaneously transmitting Node B's is shown in the Appendix for the case of
code offsets 1, 3and 7 being present.

Conclusion

CEC-sequences with multiple code offsets have all the benefits of the original proposed CEC-sequences in terms
of ease of implementation of the decoder [2] and ideal auto-correlation properties. In addition, multiple code
offsets are available for a particular Golay or Polyphase complementary pair. Due to the complementary
property of the CEC-sequences their offset versions also remain orthogonal, i.e. without any undesired cross-
correlation.

Golay complementary pairs of length N=1024 seem to be a good choice for building the CEC-sequences, as the
EGC-receiver structure simplifies the most for this special binary case of Polyphase complementary pairs.
Providing M=16 possible code offsets for one RNS leaves K=64 chips of resolution between different Node B's
which should be more than sufficient. The overall length of a Node B sync sequence would then be 2176 chips
which yields a maximum usage of the available time in the cell sync timeslots. Also, we propose that at least 8
Golay complementary pairs are chosen for deriving the CEC-sequences with multiple code offsets. These basic
Golay complementary pairs could be chosen based on their aperiodic auto-correlation properties which are
important in theinitial Node B sync scenario.

Note also that when applying a continuously increasing phase offset to the elements of a Node B sync sequence
derived from CEC-sequences, the order of applying the phase offset and deriving the code offset versions are
inter-changeable as all code parameters are multiple's of 4. The same holds for the receiving side.

References:

[1] R1-00-1349, "Node B synchronisation for TDD — some refinements’, Siemens

[2] R1-00-1181, "Sequencesfor the Node B synchronisation burst”, Mitsubishi Electric

[3] R1-00-0946, "Sequences for the Cell Sync burst”, Siemens
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Appendix

The following figures show a typical auto-correlation sum for CEC-sequences with multiple code offsets. The
code offset versions of the CEC-sequence are derived from a Golay complementary pair with weight vector
W=[W1 W, ... Wy]=[1-111 -1-1-1-1-1-1] and permutation vector P=[P, P, ... Pig] =S[90817 2635 4].
Code offsets 1, 3and 7 were selected.
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Figure 6: Cyclic correlator output for correlation with s'(n)
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Figure 7: Cyclic correlator output for correlation with g'(n)
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