TSG-RAN Meeting #6 TSGRP#6(99)692
Nice, France, 13 — 15 December 1999

Title: Agreed CRs of category "C" (Modifications) and "F" (Corrections) to TS 25.221
Source: TSG-RAN WG1

Agendaitem: 5.1.3

| Spec | CR [Rev |Phase| Subject | Cat | Version-Current | Version-New | Doc
25.221 001 02 R99 Primary and Secondary CCPCH in TDD F 3.0.0 3.1.0 R1-99k56
25.221 002 02 R99 Removal of Superframe for TDD F 3.0.0 3.1.0 R1-99i81
25.221 006 - R99 Corrections to TS25.221 F 3.0.0 3.1.0 R1-99i98
25.221 007 1 R99 Clarifications for Spreading in UTRA TDD C 3.0.0 3.1.0 R1-99k61
25.221 008 - R99 Transmission of TFCI bits for TDD F 3.0.0 3.1.0 R1-99k58
25.221 009 - R99 Midamble Allocation in UTRA TDD C 3.0.0 3.1.0 R1-99k60

NOTE: The source of this document is TSG-RAN WGL1. The source shown on each CR cover sheet is the originating organisation.



3GPP TSG RAN WG1 Meeting #9 Document R1-99K56
Dresden, Germany, 30 Nov — 3 Dec 1999 R A Ao

CHANGE REQUEST ' page for nsiuctons on howto il n this form cortcty.
25 221 CR 001r2 Current Version: 3.0.0

GSM (AA.BB) or 3G (AA.BBB) specification number 1 1 CR number as allocated by MCC support team
For submission to: RAN #6 for approval | X strategic (for SMG
list expected approval meeting # here 1 for information non-strategic use only)

Form: CR cover sheet, version 2 for 3GPP and SMG The latest version of this form is available from: ftp://ftp.3gpp.org/Information/CR-Form-v2.doc

Proposed change affects: (U)SIM |:| ME UTRAN / Radio Core Network |:|

(at least one should be marked with an X)

Source: Siemens AG, Motorola, Nokia Date: 1999-12-02
Subject: Primary and Secondary CCPCH in TDD
Work item:
Category: F Correction X | Release: Phase 2

A Corresponds to a correction in an earlier release Release 96
(only one category B Addition of feature Release 97
shall be marked C Functional modification of feature Release 98
with an X) D Editorial modification Release 99 X

Release 00

Reason for - Due to recent changes in WG2 (CR25.321-014 and CR25.301-018r1) the transport to
change: physical channel mapping in TDD can be changed in order to facilitate the channel

description and harmonize TDD and FDD mapping.

- TFCl is used for S-CCPCH

- Two beacons are provided in the case 3 of synchronisation schemes
- Block STTD for P-CCPCH

Clauses affected: 3,5.3,54,55,5.6,5.7, 6, Annex B

List of CRs: 25.223-001r1, 25.224-001r1,
25.225-001r1, 25.222-013,
25.224-004r1, 25.225-002r1

Other specs Other 3G core specifications X

!

affected: Other GSM core specifications - List of CRs:
MS test specifications - List of CRs:
BSS test specifications - List of CRs:
O&M specifications - List of CRs:
Other This CR contains several technical items, which influence the text of each other.

comments: Therefore the following Tdocs and CR’s were merged in this CR: CR001r1-221, R1-
99J62, R1-99193, CR004-221.

help.doc
<o double-click here for help and instructions on how to create a CR.



3G TS 25.221 version 3.0.0 (1999-10) 6

3 Abbreviations

For the purposes of the present document, the following abbreviations apply:
BCH Broadcast Channel
CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channel
CDMA Code Division Multiple Access
DPCH Dedicated Physical Channel
DSCH Downlink Shared Channel
FACH Forward Access Channel
FDD Frequency Division Duplex
FEC Forward Error Correction
GP Guard Period
GSM Globa System for Mobile Communication
NRT Non-Real Time
ODCH ODMA Dedicated Transport Channel
ODMA Opportunity Driven Multiple Access
ORACH ODMA Random Access Channel
OVSF Orthogonal Variable Spreading Factor
P-CCPCH Primary CCPCH
PCH Paging Channel
PDSCH Physical Downlink Shared Channel
PICH Page Indicator Channel
PDU Protocol Data Unit
PRACH Physical Random Access Channel
PSCH Physical Synchronisation Channel
PUSCH Physical Uplink Shared Channel
RACH Random Access Channel
RLC Radio Link Control
RF Radio Frame
RT Real Time
S-CCPCH Secondary CCPCH
SCH Synchronisation Channel
SFN Cell System Frame Number
TCH Traffic Channel
TDD Time Division Duplex
TDMA Time Division Multiple Access
USCH Uplink Shared Channel
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5.3 Common physical channels

5.3.1 Primary common control physical channel (P-CCPCH)

The BCH as described in section 4.1.2 is mapped onto the Primary Common Control Physical Channel (P-CCPCH). The
position (time slot / code) of the P-CCPCH is known from the Physical Synchronisation Channel (PSCH), see section
5.3.4.

5.3.1.1 P-CCPCH Spreading

The P-CCPCH uses fixed spreading with a spreading factor SF = 16 as described in section 5.2.1.1. The P-CCPCH

always uses channelisation code 8550 .

5.3.1.2 P-CCPCH Burst Types

The burst type 1 as described in section 5.2.2 is used for the P-CCPCH. No TFCI is applied for the P-CCPCH.

5.3.1.3 P-CCPCH Training sequences

The training sequences, i.e. midambles, as described in section 5.2.3 are used for the P-CCPCH. For those timeslotsin
which the P-CCPCH is transmitted, the midambles m®, m®, m® and m® are reserved for P-CCPCH in order to
support Block STTD antenna diversity and the beacon function, see 5.3.1.4 and 5.4. The use of midambles depends on
whether Block STTD is applied to P-CCPCH, see 5.3.1.4.

5.3.14 Block STTD antenna diversity for P-CCPCH

Block STTD antenna diversity can be optionally applied for the P-CCPCH. Its support is mandatory for the UE. Two
possibilities exist :

* If no antenna diversity is applied to P-CCPCH, m® is used and m® is left unused.

« If Block STTD antennadiversity is applied to P-CCPCH, m® is used for the first antenna and m is used for the
diversity antenna.

5.3.2 Secondary common control physical channel (S-CCPCH)

PCH and FACH as described in section 4.1.2 are mapped onto one or more secondary common control physical
channels (S-CCPCH). In this way the capacity of PCH and FACH can be adapted to the different requirements.

5.3.2.1 S-CCPCH Spreading

The S-CCPCH uses fixed spreading with a spreading factor SF = 16 as described in section 5.2.1.1.

5.3.2.2 S-CCPCH Burst Types
The burst types 1 or 2 as described in section 5.2.2 are used for the SSCCPCHs. TFCI may be applied for SSCCPCHs.

5.3.2.3 S-CCPCH Training sequences

The training sequences, i.e. midambles, as described in section 5.2.3 are used for the SS=CCPCH.

5.3.3  The physical random access channel (PRACH)
The RACH or in case of ODMA networks the ORACH as described in section 4.1.2 are mapped onto one or more

uplink physical random access channels (PRACH). In such away the capacity of RACH and ORACH can be flexibly
scaled depending on the operators need.
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This description of the physical properties of the PRACH also appliesto bursts carrying other signaling or user traffic if
they are scheduled on atime slot which is (partly) allocated to the RACH or ORACH.

5.3.3.1 PRACH Spreading

The uplink PRACH uses either spreading factor SF=16 or SF=8 as described in section 5.2.1.1. The set of admissible
spreading codes for use on the PRACH and the associated spreading factors are broadcast on the BCH (within the
RACH configuration parameters on the BCH).

5.3.3.2 PRACH Burst Types

The mobile stations send the uplink access bursts randomly in the PRACH. The PRACH burst consists of two data
symbol fields, a midamble and a guard period. The second data symbol field is shorter than the first symbol data field
by 96 chipsin order to provide additional guard time at the end of the PRACH time slot.

The precise number of collision groups depends on the spreading codes (i.e. the selected RACH configuration. The
access burst is depicted in figure 10, the contents of the access burst fields are listed in table 7 and table 8.

Data symbols Midamble Data symbols GP
976 chips 512 chips 880 chips 192
CP
25607 T,
< 4

Figure 12: PRACH burst, GP denotes the guard period

Table 7: number of symbols per data field in PRACH burst

Spreading factor (Q) Number of symbolsin datafield 1 Number of symbols in data field 2
8 122 110
16 61 55

Table 8: The contents of the PRACH burst field

Chip number (CN) | Length of field in chips | Length of field in symbols | Contents of field
0-975 976 cf table 1 Data symbols
976-1487 512 - Midamble
1488-2367 880 cf table 1 Data symbols
2368-2559 192 - Guard period
5.3.3.3 PRACH Training sequences

The training sequences, i.e. midambles, of different users active in the same time dot are time shifted versions of a
single periodic basic code. The basic midamble codes used for PRACH bursts are the same as for burst type 1 and are
shown in Annex A. The necessary time shifts are obtained by choosing either all k=1,2,3...,K’ (for cells with small
radius) or uneven k=1,3,5,...<K’ (for cellswith large radius). Different cells use different periodic basic codes, i.e.
different midamble sets.

For cells with large radius additional midambles may be derived from the time-inverted Basic Midamble Sequence.
Thus, the second Basic Midamble Code m;, is the time inverted version of Basic Midamble Code my.

In thisway, ajoint channel estimation for the channel impulse responses of all active users within one time slot can be
performed by a maximum of two cyclic correlations (in cells with small radius, a single cyclic correlator suffices). The
different user specific channel impulse response estimates are obtained sequentially in time at the output of the cyclic
correlators.

3GPP
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5.3.34 Association between Training Sequences and Spreading Codes

For the PRACH there exists a fixed association between the training sequence and the spreading code. The generic rule
to define this association is based on the order of the spreading codes aq™® given by k and the order of the midambles
mj(k) given by k, firstly, and j, secondly, with the constraint that the midamble for a spreading factor Q isthe same asin
the upper branch for the spreading factor 2Q. The index j=1 or 2 indicates whether the original Basic Midamble
Sequence (j=1) or the time-inverted Basic Midamble Sequence isused (j=2).

- For the case that al k are allowed and only one periodic basic code m; is available for the RACH, the association
depicted in figure 13 is straightforward.

- For the case that only odd k are allowed the principle of the association is shown in figure 14. This association is
applied for one and two basic periodic codes.
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m 1(1) - as(l){
m.@ . a16(2)

m 1(3) - 3_16(3)
3 2
M- 2 @.qa @
m,™-a
m.® . g, ()
m.® . a.® ! e
e ® .4 6
m,™ -8
m 1(7) - a16(7)
7 4
ml( ) - 3_8( ) o o
m,™ - a

ml(Z) a6

e e

m1(4) -a. 6

6 7
ml().ag()

8 8
ml(). aS( ){

Figure 13: Association of Midambles to Spreading Codes in the OVSF tree for all k
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Figure 14: Association of Midambles to Spreading Codes in the OVSF tree for odd k

3GPP



3G TS 25.221 version 3.0.0 (1999-10) 20

5.3.4  The physical synchronisation channel (PSCH)

In TDD mode code group of acell can be derived from the synchronisation channel. Additional information, received
from higher layers on SCH transport channel, is also transmitted to the UE in PSCH in case 3 from below. In order not
to limit the uplink/downlink asymmetry the PSCH is mapped on one or two downlink slots per frame only.

There are three cases of PSCH and P-CCPCH allocation as follows:
Casel) PSCH and P-CCPCH alocated in TS#k, k=0....14
Case2) PSCH alocated intwo TS: TS#k and TS#k+8, k=0...6; P-CCPCH allocated in TS#K.

Case3) PSCH alocated intwo TS, TStk and TS#k+8, k=0...6, and the P-CCPCH allocated in TS#i, i=0...6,
pointed by PSCH. Pointing is determined via the SCH from the higher layers.

These three cases are addressed by higher layers using the SCCH in TDD Mode. The position of PSCH (value of k) in
frame can change on along term basisin any case.

Due to this PSCH scheme, the position of P-CCPCH is known from the PSCH. EMBEDEMBED

Figure 15 is an example for transmission of PSCH, k=0, of Case 2 or Case 3.

1 Frame = 10 ns
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Figure 15: Scheme for Physical Synchronisation channel PSCH consisting of one primary sequence
C, and N=3 parallel secondary sequences in slot k and k+8

(example for k=0 in Case 2 or Case 3)

Asdepicted in figure 15, the PSCH consists of a primary and three secondary code sequences with 256 chips length. The
primary and secondary code sequences are defined in [8] chapter 7 'Synchronisation codes. The secondary codes are
transmitted either in the | channel or the Q channel, depending on the code group.

Due to mobile to mobile interference, it is mandatory for public TDD systems to keep synchronisation between base
stations. As a consequence of this, a capture effect concerning PSCH can arise. The time offset ts enables the system
to overcome the capture effect.
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The time offset tys IS One of 32 values, depending on the cell parameter, thus on the code group of the cell, cf. ‘table 7
Mapping scheme for Cell Parameters, Code Groups, Scrambling Codes, Midambles and tys' in [8]. The exact value for
torrset, €gaArding column ‘ Associated tys N table 7 from[8] is given by:
¢ =T 2560-96-2560
offset,n c H 31 E

=nJ1T,; n=0,...,31

Please note that [ X[ ] denotes the largest integer number less or equal to x and that T, denotes the chip duration.
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5.35 Physical Uplink Shared Channel (PUSCH)

For Physical Uplink Shared Channel (PUSCH) the burst structure of DPCH as described in section 5.2 shall be used.
User specific physical layer parameters like power control, timing advance or directive antenna settings are derived from
the associated channel (FACH or DCH). PUSCH provides the possibility for transmission of TFCI in uplink.

3GPP
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5.3.6 Physical Downlink Shared Channel (PDSCH)

For Physical Downlink Shared Channel (PDSCH) the burst structure of DPCH as described in section 5.2 shall be used.
User specific physical layer parameters like power control or directive antenna settings are derived from the associated
channel (FACH or DCH). PDSCH provides the possibility for transmission of TFCI in downlink.

To indicate to the UE that there is data to decode on the DSCH, three signalling methods are available:
1) using the TFCI field of the associated channel or PDSCH
2) using on the DSCH user specific midamble derived from the set of midambles used for that cell
3) using higher layer signalling.

When the midamble based method is used, the UE shall decode the PDSCH if the PDSCH was transmitted with the
midamble indicated for the UE by UTRAN.

3GPP
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5.3.7 The Page Indicator Channel (PICH)

The Page Indicator Channel (PICH) isa physical channel used to carry the Page Indicators (PI). The PICH substitutes
one or more paging sub-channels that are mapped on a S-CCPCH, see 6.2.2. The page indicator indicates a paging
message for one or more UEs that are associated with it.

The page indicators of length Lp=2, Lp=4 or Lp=8 symbols are transmitted in anormal burst (type 1 or 2) asseenin
figure 16. The PI may be repeated within one superframe. The number of repetitions within one superframe is given by
the repetition factor RFp. The number of page indicators Np, per superframe is given by the number of time dots per
superframe Npch, Used for the PICH, the number Ly of symbols for the page indicators, the burst type BT and the
repetition factor of the paging indicators, RFy. The same burst type is used for the PICH in every cell. In case of Lp=4
or Lp=8, one symbol in each data part adjacent to the midambleis left over. These symbols are filled by dummy bits
that are transmitted with the same power as the Pl. Figure 16 shows an example for Lp=4, BT 1, Npcy=4, RFp=2.

PICH Slot #1 PICH Slot #2 PICH Slot #3 PICH Slot #4
(PI#1 - PI#30) (PI#31 - PI#60) (PI#1 - PI1#30) (PI#31 - P1#60)

[T [T [T D [T

Midamble
(256/512 Chips)

| s I

Pl#31 P1#60 2 unused Pl#31 P1#60
symbols

GP

Figure 16: Example of PI Transmission in the PICH
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54 Beacon function of physical channels

For the purpose of measurements, a beacon function shall be provided by particular physical channels.

541 Location of physical channels with beacon function

The location of the physical channels with beacon function is determined by the PSCH and depends on the PSCH
allocation case, see 5.3.4:

Cesel) All physical channelsthat are allocated to channelisation code 8554 and in TS#k, k=0....14 shall

provide the beacon function.

Case2) All physical channelsthat are allocated to channelisation code agkjg and in TS#k and TS#k+8, k=0...6,

shall provide the beacon function.
Case3) All physical channelsthat are allocated to channelisation code 8554 and in TS# and TS#i+8, i=0...6,
pointed by PSCH, shall provide the beacon function.

Note that by this definition the P-CCPCH aways provides the beacon function.

54.2 Physical characteristics of the beacon function

The physical channels providing the beacon function

» aretransmitted with reference power,

* aretransmitted without beamforming,

e usebursttypel,

+  usemidamble m® and m® exclusively in thistime slot and

+  midamblesm® and m® are always left unused in thistime slot, if 16 midambles are allowed in that cell.

The reference power corresponds to the sum of the power allocated to both midambles m® and m®. Two possibilities

exist:

e If noBlock STTD antennadiversity is applied to P-CCPCH, all the reference power of any physical channel
providing the beacon function is allocated to m®.

e |f Block STTD antennadiversity is applied to P-CCPCH, for any physical channel providing the beacon function
midambles m™® and m® are each allocated half of the reference power. Midamble m® is used for the first antenna
and m® is used for the diversity antenna. Block STTD encoding is used for the datain P-CCPCH, see [9]; for all
other physical channelsidentical data sequences are transmitted on both antennas.

3GPP
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6 Mapping of transport channels to physical channels
This section describes the way in which transport channels are mapped onto physical resources, see figure 17.
Transport Channels Physical Channels
DCH Dedicated Physical Channel (DPCH)
ODCH*
BCH Primary Common Control Physical Channel (P-CCPCH)
FACH Secondary Common Control Physical Channel (S-CCPCH)
PCH
RACH Physical Random Access Channel (PRACH)
ORACH*
SCH Physical Synchronisation Channel (PSCH)
USCH Physical Uplink Shared Channel (PUSCH)
DSCH Physical Downlink Shared Channel (PDSCH)
Page Indicator Channel (PICH)
* in case of ODMA networks

Figure 17: Transport channel to physical channel mapping

6.1 Dedicated Transport Channels

A dedicated transport channel is mapped onto one or more physical channels. An interleaving period is associated with
each allocation. The frame is subdivided into slots that are available for uplink and downlink information transfer. The
mapping of transport blocks on physical channelsis described in TS25.222 (“multiplexing and channel coding”).

| RLC PDU | | RLC PDU |
v
| Coded bits | | Cotied bits |
Frame 1 Frame 2 Frame 3 Frame 4

Figure 19: Mapping of PDU onto the physical bearer

For NRT packet data services, shared channels (USCH and DSCH) can be used to allow efficient allocations for a short
period of time.

An ODCH is also mapped onto one or more sets of dots and codes within a TDD frame as shown in figure 4. The actual
transmission mode (i.e. combination of slots, codes, TX power, interleaving depth etc.) chosen for arelay link will be
negotiated between nodes prior to transmission. Several of these transmission mode parameters can be adapted during
transmission due to changes in propagation and data traffic.
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6.2 Common Transport Channels

6.2.1  The Broadcast Channel (BCH)

The BCH is mapped onto the P-CCPCH. The secondary SCH indicates in which timeslot a mobile can find the P-
CCPCH containing BCH. If the broadcast information requires more resources than provided by the P-CCPCH, the
BCH in P-CCPCH will comprise a pointer to additional SS=CCPCH resources for FACH in which this additional
broadcast information shall be sent.

6.2.2  The Paging Channel (PCH)

The PCH is mapped onto one or several S-=CCPCHSs so that capacity can be matched to requirements. The location of the
PCH isindicated on the BCH. It is always transmitted at a reference power level.

To allow an efficient DRX, the PCH is divided into several paging sub-channels within the multiframe structure of one
superframe. Examples of multiframe structures are given in the Annex B of this document. Each paging sub-channel is
mapped on 2 consecutive frames that are allocated to the PCH on the same S-CCPCH. Thus, the number of paging sub-
channels per S-CCPCH is half of the number of frames used for the PCH in one superframe. Layer 3 information to a
particular paging group is transmitted only in the associated paging sub-channel. The assignment of UES to paging
groupsisindependent of the assignment of UEs to page indicators.

6.2.3  The Forward Channel (FACH)

The FACH is mapped onto one or several S-CCPCHs. The location of the FACH isindicated on the BCH and both,
capacity and location can be changed, if required. FACH may or may not be power controlled.

3GPP
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Annex B (Informative):
CCPCH Multiframe Structure

In the following figures B.1 to B.3 some examples for Multiframe Structures on Primary and Secondary CCPCH are
given. The figures show the placement of Common Transport Channels on the Common Control Physical Channels.
Additional S-=CCPCH capacity can be allocated on other codes and timeslots of course, e.g. FACH capacity is related to
overall cell capacity and can be configured according to the actual needs. Channel capacities in the annex are derived
using bursts with long midambles (Burst format 1). Every TrCH-box in the figuresis assumed to be valid for two frames
(seerow ‘Frame#'), i.e. the transport channels in CCPCHs have an interleaving time of 20msec.

The actual CCPCH Multiframe Scheme used in the cell is described and broadcast on BCH. Thus the system
information structure hasits roots in this particular transport channel and allocations of other Common Channels can be
handled this way, i.e. by pointing from BCH.

3GPP
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5 Physical channels

All physical channelstake three-layer structure of-superframeswith respect to timeslots, radio frames and system frame
numbering (SFN), see [14]radio-framesand-timeslots. Depending on the resource allocation, the configuration of radio
frames or timeslots becomes different. All physical channels need guard symbolsin every timeslot. The time slots are
used in the sense of a TDMA component to separate different user signals in the time and the code domain. The physical
channel signal format is presented in figure 1.

A physical channel in TDD is aburst, which is transmitted in a particular timeslot within allocated Radio Frames. The
allocation can be continuous, i.e. the time slot in every frame is allocated to the physical channel or discontinuous, i.e.
the time slot in a subset of all framesis alocated only. A burst is the combination of a data part, a midamble and a guard
period. The duration of aburst is one time slot. Several bursts can be transmitted at the same time from one transmitter.
In this case, the data part must use different OV SF channelisation codes, but the same scrambling code. The midamble
part has to use the same basic midamble code, but can use different midambles.

P Super Frame (720ms) .
= -~ ey
| =
| Radio Frame (10ms) -
‘«——>» ~~__
frame #0 frame #1 frame #71
T T
Lo T T = —
¢ — T —=—=—
timedot#0 | timedot#1 | timedot#2 timeslot #13 | timedot #14

Time Slot (2560*T,)

B Radio Frame (10ms) -

frame #i frame#i+1

| Time Slot (2560*T) —--

timeslot #0 timeslot #1 timeslot #2 timeslot #13 | timeslot #14

Figure 1: Physical channel signal format

3GPP



3G TS 25.221 version 3.0.0 (1999-10) 9

The data part of the burst is spread with a channelisation code. This channelisation code is a OV SF code, that can have a
spreading factor of 1, 2, 4, 8, or 16. The data rate of the physical channel is depending on the used spreading factor of
the used OV SF code.

The midamble part of the burst can contain two different types of midambles: a short one of length 256 chips, or along
one of 512 chips. The datarate of the physical channel is depending on the used midamble length.

So aphyscal channel is defmed by frequency t| meslot, channelisation code, burst type and Radio Frame allocation.;
h- The scrambling code and the basic midamble code are
broadcasted and may be constant W|th|n acell When aphysical channel is established, a start frameis given. The
physical channels can either be of infinite duration, or a duration for the allocation can be defined.
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5.7 The Page Indicator Channel (PICH)

The Page Indicator Channel (PICH) isa physical channel used to carry the Page Indicators (PI). The PICH substitutes
one or more paging sub-channels that are mapped on a CCPCH, see 6.2.2. The page indicator indicates a paging
message for one or more UESs that are associated with it.

The page indicators of length Lp, 2, Lp, 4 or L =8 symbols are transmitted in anormal burst (typelor2) as seen in
figure 16. W W ,
the+epq+nen4aetepRFm—The number of page |nd|cators NP| per supeﬂﬁrametl me slot is glven by theﬂumber—ef—u-me

sletsper-superframe Np cy-bsed-for-the PLCH,-the number Ly of symbols for the page indicators and; the burst type-BF

and-therepetition-factor-of the paging-Hadicators-RFp,. In Table 5 this number is shown for the different possibilities of
burst types and Pl lengths.

Table5 Number Np,_of Pl per time dlot for the different burst types and Pl _lengths Lp

Lp=2 Lp=4 Lp=8
Burst Type 1 61 30 15
Burst Type 2 69 34 17

The same burst type is used for the PICH in every cell. In case of Lp=4 or Lp=8, one symbol in each data part adjacent
to the midambleisleft over. These symbols are filled by dummy bits that are transmitted with the same power asthe PI.
Figure 16 shows an-examples for the transmission of page indicatorsin the different burst typesfor L 5=4; B+
Npcy=4-RFp=2.

PICH Slot #1 PICH Slot #2 PICH Slot #3 PICH Slot #4
(PI#1 - PI1#30) (PI1#31 - PI#60) (PI1#1 - PI#30) (PI1#31 - PI#60)
18 A
2560T
S >
Midamble GP

(256/512 Chips)

| | |
I R I
PI#31 PI#60 2 unused PI#31 P1#60
symbols

2560T, 25607,

Midamble Midamble
(256 Chips) GP l (512 Chips) J GP
i / ro e~ = 1 f
Pl#1 Pl1#34 2 unused Pl#1 P1#34 Pl#1 PI1#30 2 unused Pl#1 P1#30
symbols symbols

A
v
A
v

Figure 16: Example of PI Transmission in the-PICH_bursts of different types for Lp=4
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6.2.2 The Paging Channel (PCH)

The PCH is mapped onto one or several CCPCHSs so that capacity can be matched to requirements. The location of the
PCH isindicated on the BCH. It is always transmitted at a reference power level.

To allow an efficient DRX, the PCH is divided into several paging sub-channels within the allocated multiframe

structure-ef-one-superframe. Examples of multiframe structures are given in the Annex B of this document. Each paging
sub- channel is mapped onto 2 consecutlveframesthat are allocated tothe PCH on the same CCPCH. Ihus—thehumber

mformatlon to aparucular paging group |stransm|tted only in the aseomated pagi ng sub- channel The assgnment of
UEsto paging groups is independent of the assignment of UES to page indicators.
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5.2.3  Training sequences for spread bursts

Asexplained in the section 5.2.1, two options are being considered for the spreading. The training sequences presented
here are common to both options.

The training sequences, i.e. midambles, of different users active in the same time dot are time shifted versions of one
single periodic basic code. Different cells use different periodic basic codes, i.e. different midamble sets. In thisway a
joint channel estimation for the channel impulse responses of all active users within one time slot can be done by one
single cyclic correlation. The different user specific channel impulse response estimates are obtained sequentially in time
at the output of the correlator. Following this principleit is shown hereafter how to derive the midambles from the
periodic basic code.

Section 5.2.2 contains a description of the spread speech/data bursts. These bursts contain Lm midamble chips, which

(k) , (k) .

are also termed midamble elements. The Lm elements My~ ; i=1,...,.L m; k=1,...,K; of the midamble codes m" " ;

k=1,...,K; are taken from the complex set
Mm:{lij"l"}' (1)
K is the maximum number of users, i.e. the available number of spreading codes per time slot.

(k

The elements M ) of the complex midamble codes m(k) fulfil the relation

m® =)' m® m®o{L,-3;i=1..,L;k=1..,K. )

(k
i

(k

Hence, the elements M ) of the complex midamble codes M ) of the K users are alternati ng real and imaginary.

With W being the number of taps of the impulse response of the mobile radio channels, the Lm binary elements
m(k); i1=1,..,L,;k=1..,K; of (2) for the complex midambles m(k) i k=1,...,K; of the K users are generated
according to the following method from a single periodic basic code

m= (ml,mz,...,mLm+(K-_1)W+DP,KD)T m D{:L —i, | Z:L...,(Lm + (Kl_l)W + |])/ KD (3)

xOdenotes the largest integer smaller or equal to x, K’ = K/2.

Theelements m;;i =1...,(L,, + (K'-D)W + [P/ K[]}, of (3) fulfil therelation

m, = m_p for thesubset i = (P +1),..., (L, + (K'-DW + [P/ K[]. 4
The P elements M ; i =1,..., P, of one period of m according to (3) are contained in the vector
_ T
m, =(m,m,,...m,)". (5)

With M according to (3) the Lm binary elements m(k); i=1,..,L;k=1..,K; of (2) for the midambles of the first
K’ users are generated based on the following formula

EMBEDM™ =m, ow | =L Ly k=1, K", 6)

The midambles for the second K’ users are generated based on a dight modification of this formulaintroducing
intermediate shifts

EMBED M™ =M, ywsmrig | =L Ly K= K+L. K. 7)

Whether intermediate shifts are allowed in a cell is broadcast on the BCH.
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In the following the term 'a midamble code set’ or 'a midamble code family’ denotes K specific midamble codes m(k)

k=1,...,K. Different midamble code sets m(k) ; k=1,...,K; are specified based on different periods M according (5).

In adjacent cells of the cellular mobile radio system, different midamble codes sets m™ ; k=1,...,K: should be used to
guarantee a proper channel estimation.

(k)

As mentioned above asingle midamble codeset M ; k=1,...,K; consisting of K midamble codes is based on asingle

period M, according to (5).

Inthe Annex A the periods M according to (5), i.e. the Basic Midamble Codes, which shall be used to generate

different midamble code sets m(k) ; k=1,...,K; arelisted in tables in a hexadecimal representation. As shown in table 4
aways 4 binary elements M are mapped on asingle hexadecimal digit.

Table 4: Mapping of 4 binary elements IM on a single hexadecimal digits

4 binary elements M Mapped on hexadecimal digit
-1-1-1-1 0
-1-1-1 1 1
-1-11-1 2
-1-111 3
-11-1-1 4
-11-11 5
-:111-1 6
-:1111 7
1-1-1-1 8
1-1-11 9
1-11-1 A
1-111 B
11-11 C
1111 D
1111 E
1111 F

As different Basic Midamble Codes are required for different burst formats, the Annex A shows the codes mp for burst
type 1 and mps for burst type 2. It should be noted that the different burst types must not be mixed in the same timeslot
of one cell.
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5 Physical channels

All physical channelstake three-layer structure of superframes, radio frames, and timeslots. Depending on the resource
allocation, the configuration of radio frames or timeslots becomes different. All physical channels need guard symbolsin
every timedot. The time slots are used in the sense of a TDMA component to separate different user signalsin the time
and the code domain. The physical channel signal format is presented in figure 1.

A burst isthe combination of a data part, a midamble and a guard period. The duration of aburst is one time dot.
Several bursts can be transmitted at the same time from one transmitter. In this case, the data part must use different
OV SF channelisation codes, but the same scrambling code. The midamble part has to use the same basic midamble
code, but can use different midambles.

Super Frame (720ms) .~

d
-

I
| Radio Frame (10ms) -
—————»

frame #0 frame #1 frame #71

— —~ —

|
Time Slot (2560*T,)
—

~ —~

timedot #0 timedot#1 | timedot #2 timeslot #13 | timedot #14

Figure 1. Physical channel signal format

A physical channel in TDD isaburst, which is repeated in the same timesl ot with a certain repetition length of
consecutive RF in and after each RF defined by a repetition period, starting at a certain frame number defined by the
superframe offset in the multiframe, where the repetition period is a submultiple of 72,i.e. 1, 2, 3,4, 6, 8, 9, 12, 18, 24,
36, or 72, and the superframe offset isin the interval O...(repetition period-1). The repetition length of each repeated
allocation can have the values 1, 2, 4 or 8 frames. It should be equal to the longest interleaving depth of all transport
channels on this physical channel.

The data part of the burst is spread with a combination of channelisation code and scrambling code. FhisThe
channelisation code is a OV SF code, that can have a spreading factor of 1, 2, 4, 8, or 16. The data rate of the physical
channel is depending on the used spreading factor of the used OV SF code.

The midamble part of the burst can contain two different types of midambles: a short one of length 256 chips, or along
one of 512 chips. The datarate of the physical channel is depending on the used midamble length.

3GPP
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5.2.1 Spreading-cedes

Spreading is applied to the data part of the physical channels and consists of two operations. Thefirst isthe
channelisation operation, which transforms every data symbol into a number of chips, thus increasing the bandwidth of
the signal. The number of chips per data symbol is called the Spreading Factor (SF). The second operation is the
scrambling operation, where a scrambling code is applied to the spread signal. Details on channelisation and scrambling
operation can be found in [8].

5.2.1.1 Spreading for Downlink Physical Channels

Downlink physical channels shall use SF =16. Multiple parallel physical channels can be used to support higher data
rates. These parallel physical channels shall be transmitted using different channelisation codes, see [8]. These codes
with SF =16 are generated as described in [8].

Operation with asingle code with spreading factor 1 is possible for the downlink physical channels.

5.2.1.2 Spreading for Uplink Physical Channels

The range of spreading factor that may be used for uplink physical channels shall range from 16 down to 1.

For multicode transmission a UE shall use a maximum of two physical channels per timeslot simultaneously. These two
parallel physical channels shall be transmitted using different channelisation codes, see [8].

3GPP
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Two types of bursts for dedicated physical channels are defined: The burst type 1 and the burst type 2. Both consist of
two data symbol fields, a midamble and a guard period. The bursts type 1 has alonger midamble of 512 chips than the
burst type 2 with a midamble of 256 chips. Sample sets of midambles are given in section 5.2.3.1.

Because of the longer midamble, the burst type 1 is suited for the uplink, where up to 16 different channel impulse
responses can be estimated. The burst type 2 can be used for the downlink and, if the bursts within atime slot are
allocated to less than four users, also for the uplink.

3GPP
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5.2.2.2 Transmission of TPC
Both burst types 1 and 2 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is negotiated at call setup and can be re-negotiated during the call. If applied, transmission of
TPC is donein the data parts of the traffic burst. Hence the midamble structure and length is not changed. The TPC
information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in atraffic burst.

For every user the TPC information is to be transmitted once per frame. The TPC is spread with the same spreading
factor (SF) and spreading code as the data parts. TPC and TFCI are always transmitted in the same physical channel.

TPC symbol
Data symbols Midamble % Data symbols P
< Ny, -
N 7
512/256 chips
< >
2560* T,

Figure 11: Position of TPC information in the traffic burst
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5.3.2.4 Association between Training Sequences and Spreading-Channelisation
Codes

For the PRACH there exists a fixed association between the training sequence and the spreading-channelisation code.
The generic rule to define this association is based on the order of the spreading-channelisation codes aQ(k) given by k
and the order of the midambles m® given by k, firstly, and j, secondly, with the constraint that the midamble for a
spreading factor Q isthe same as in the upper branch for the spreading factor 2Q. Theindex j=1 or 2 indicates whether
the original Basic Midamble Sequence (j=1) or the time-inverted Basic Midamble Sequence is used (j=2).

- For the case that all k are allowed and only one periodic basic code m; is available for the RACH, the association
depicted in figure 13 is straightforward.

- For the case that only odd k are allowed the principle of the association is shown in figure 14. This association is
applied for one and two basic periodic codes.
m,M-a W
m,® - 38(1){ o
m.@ . 3_16(2)

m.® .a, .0
m.® .a. ! e
b @ . g @
m,™ -8
m,®-a,®
m.® . g @
1 8
6 6
ml( ) - als( )
m.MD.q, (M
m.M . a4 ! e
! s (8) (8)
m,™- a5

m,@ - a0

R I

m1(4) -a. 6

6 7
ml().as()

8 8
m,® - a, ){

Figure 13: Association of Midambles to Spreading-Channelisation Codes in the OVSF tree for all k
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m. @ a, (1)
1 1

3 2
m,®-a, @

m.0® . a16(3)

m,® - a,@
7 4
m ().3_16()

m.@ . 3_16(5)

mz(l) -a @
3 6

©- a0

mz()'a(
a 8
B 16()

m1(3) a6

e W= S

m1(7) - a6

3 7
m,® - a,

7 8
mz(). a8( ){

Figure 14: Association of Midambles to Spreading-Channelisation Codes in the OVSF tree for odd k

5.4 The physical synchronisation channel (PSCH)

In TDD mode code group of acell can be derived from the synchronisation channel. Additional information, received
from higher layers on SCH transport channel, is also transmitted to the UE in PSCH in case 3 from below. In order not
to limit the uplink/downlink asymmetry the PSCH is mapped on one or two downlink slots per frame only.

There are three cases of PSCH and PCCPCH allocation as follows;
Casel) PSCH and PCCPCH dllocated in TS#k, k=0....14
Case2) PSCH intwo TSand PCCPCH inthe sametwo TS: TS#k and TS#k+8, k=0...6

Case3d) PSCHintwo TS, TS#k and TS#k+8, k=0...6, and the PCCPCH in TS#i, i=0...14, pointed by PSCH.
Pointing is determined via the SCH from the higher layers.

These three cases are addressed by higher layers using the SCCH in TDD Mode. The position of PSCH (value of k) in
frame can change on along term basisin any case.

Due to this PSCH scheme, the position of PCCPCH is known from the PSCH. The PCCPCH are using burst type 1,
spreading-channelisation code aék:fg and midamble ml(l) . To simplify measurements of PCCPCH power, this

midamble shall not be used by other physical channels in the same timeslot.
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5221 Transmission of TFCI

Both burst types 1 and 2 provide the possibility for transmission of TFCI both in up- and downlink.

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is
indicated by higher layer signalling, which TFCI format is applied. Fhistmeans,Additionally for each allocated timeslot
it is thdieatedsignalled individually whether theat timeslot carries the TFCl-+s-apphied or not. If apptiedatime slot
contains the TFCI, then it is always transmitted using the first allocated channelisation code in the timeslot, according to
the order in the higher layer allocation message.

The transmission of TFCI is done in the data parts of the respective physical channeltraffie-burst, this means TFCI and
data bits are subject to the same spreading procedure as depicted in [8]._ Hence the midamble structure and length is not
changed. The TFCI information is to be transmitted directly adjacent to the midamble, possibly after the TPC. Figure 7
shows the position of the TFCI in atraffic burst, if no TPC is transmitted. Figure 8 shows the position of the TFCI ina
traffic burst, if TPC is transmitted.

TFCI
Data symbols Midamble Data symbols P
<>
512/256 chips
< >
2560* T,
1% part of TFCI 2" part of TFCI
\\ /
Data symbols Midamble Data symbols P
< >
512/256 chips
< >
2560* T,

Figure 7: Position of TFCI information in the traffic burst in case of no TPC
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TFCI
Data symbols Midamble Data symbols P
<
N
512/256 chips
< >
2560* T,
1% part of TFCI 2" part of TFCI
\\ 7 //
Data symbols Midamble Data symbols P
< > \TpC
512/256 chips
< >
2560* T,

Figure 8: Position of TFCI information in the traffic burst in case of TPC

Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the figure 9 and

figure 10 below. Combinations of the two schemes shown are also applicable. It should be noted that the SF can vary for
the DPCHs not carrying TFCI information.

B 2560* T, _
Code M
] |||||||||||||||||||||||||||||||||||||||||||||||%
__ NV
[ ] Data
- MM Midamble
t TFCI

Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain

2560* T,

L A7 = [ -] [T
[] Daa
[M Midamble
@ TrC t

Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain
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5.2.2.2 Transmission of TPC
Both burst types 1 and 2 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is negotiated at call setup and can be re-negotiated during the call. If applied, transmission of
TPC is donein the data parts of the traffic burst. Hence the midamble structure and length is not changed. The TPC
information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in atraffic burst.

For every user the TPC information is to be transmitted once per frame._If the TPC is applied, then it is aways
transmitted using the first allocated channelisation code and the first allocated timeslot, according to the order in the
higher layer allocation message. The TPC is spread with the same spread| ng factor (SF) as the data parts of the
respective physical channel. FRC-a

TPC symbol
Data symbols Midamble \% Data symbols P
< >
512/256 chips
< >
2560* T,

Figure 11: Position of TPC information in the traffic burst

3GPP



3GPP TSG RAN WG1 Meeting #9 Document R1-99K60
Dresden, Germany, 30 Nov — 3 Dec 1999 R A Ao

CHANGE REQUEST ' page for nsiuctons on howto il n this form cortcty.
25 221 CR 009 Current Version: 3.0.0

GSM (AA.BB) or 3G (AA.BBB) specification number 1 1 CR number as allocated by MCC support team
For submission to: RAN #6 for approval | X strategic (for SMG
list expected approval meeting # here 1 for information non-strategic use only)

Form: CR cover sheet, version 2 for 3GPP and SMG The latest version of this form is available from: ftp://ftp.3gpp.org/Information/CR-Form-v2.doc

Proposed change affects: (U)SIM |:| ME UTRAN / Radio Core Network |:|

(at least one should be marked with an X)

Source: Siemens AG, Nokia Date: 1% December 99
Subject: Midamble Allocation in UTRA TDD
Work item:
Category: F Correction Release: Phase 2
A Corresponds to a correction in an earlier release Release 96
(only one category B Addition of feature Release 97
shall be marked C Functional modification of feature X Release 98
with an X) D Editorial modification Release 99 X
Release 00
Reason for Default mappings between midambles and channelisation codes reduce signalling
change: overhead and enhance UE code detection performance.
Clauses affected: 5.8, annex A.3
Other specs Other 3G core specifications - List of CRs:
affected: Other GSM core specifications - List of CRs:
MS test specifications - List of CRs:
BSS test specifications - List of CRs:
O&M specifications - List of CRs:
Other
comments:
help.doc

Semmmmmmen double-click here for help and instructions on how to create a CR.



3G TS 25.221 version 3.0.0 (1999-10) 22

5.8 Midamble Allocation for Physical Channels
In general, midambles are part of the physical channel configuration which is performed by higher layers.

Optionally, if no midambleis allocated by higher layers, a default midamble allocation shall be used. This default
midamble allocation is given by a fixed association between midambles and channelisation codes, see annex A.3,
and shall be applied individually to all channelisation codes within one time slot. Different associations apply for
different burst types and cell configurations with respect to the maximum number of midambles.

5.8.1 Midamble Allocation for DL Physical Channels

For DL physical channels the midamble alocation depends on whether the midambles are signalled by higher
layers or by default and whether TxDiversity/Beamforming is used.

5.8.1.1 Midamble Allocation by signalling
5.8.1.1.1 DL Physical Channels without TxDiversity/Beamforming

If the midamble is part of the physical channel configuration, a common midamble shall be assigned to al
physical channelsin one time dlot, except for physical channels providing the beacon function, see 5.4. When
PDSCH physical layer signalling based on the midamble is used, each UE that may share the PDSCH shall get an
individual midamble, see 5.3.6.

5.8.1.1.2 DL Physical Channels with TxDiversity/Beamforming

When DL beamforming or TX Diversity is used, each user to which TxDiversity/Beamforming is applied and
which has a dedicated channel shall get one individual midamble, see 5.2.4.

5.8.1.2 Midamble Allocation by default

If no midambleis allocated by signalling, the UE shall derive the midamble from the associated channelisation
code and shall use an individual midamble for each channelisation code, except for physical channels providing
the beacon function, see 5.4. For each association between midambles and channelisation codesin annex A.3,
there is one primary channelisation code associated to each midamble. A set of secondary channelisation codes
is associated to each primary channelisation code. All the secondary channelisation codes within a set use the
same midamble as the primary channelisation code to which they are associated.

Higher layers shall allocate the channelisation codes in a particular order. Primary channelisation codes shall be
alocated prior to associated secondary channelisation codes. If midambles are reserved for the beacon function,
al primary and secondary channelisation codes that are associated with the reserved midambles shall not be used.

Primary and its associated secondary channelisation codes shall not be allocated to different UE’s.

In the case that secondary channelisation codes are used, secondary channelisation codes of one set shall be
allocated in ascending order, with respect to their numbering.

5.8.2 Midamble Allocation for UL Physical Channels

If the midamble is part of the physical channel configuration, an individual midamble shall be assigned to all
UE’sin onetime slot.

If no midambleis allocated by higher layers, the UE shall derive the midamble from the assigned channelisation
code as for DL physical channels. If the UE changes the SF according to the datarate, it shall always vary the
channelisation code along the lower branch of the OV SF tree.
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A.3 Association between Midambles and Channelisation Codes

The following mapping schemes apply for the association between midambles and channelisation codes if no midamble
isalocated by higher layers. Secondary channelisation codes are marked with a (*). These associations apply both for
UL and DL.

A.3.1 Association for Burst Type 1 and K=16 Midambles
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Figure A-1 Association of Midambles to Spreading Codes for Burst Type 1 and K=16

A.3.2 Association for Burst Type 1 and K=8 Midambles
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Figure A-2 Association of Midambles to Spreading Codes for Burst Type 1 and K=8
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A.3.2 Association for Burst Type 1 and K=4 Midambles

Figure A-3 Association of Midamblesto Spreading Codes for Burst Type 1 and K=4

A.3.4 Association for Burst Type 2 and K=6 Midambles
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Figure A-4 Association of Midamblesto Spreading Codes for Burst Type 2 and K=6
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A.3.5 Association for Burst Type 2 and K=3 Midambles
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Figure A-5 Association of Midambles to Spreading Codes for Burst Type 2 and K=3
Note that the association for burst type 2 can be derived from the association for burst type 1, using the following table:

Burst Type 1 m(1) m(2) m(3) m(4) m(5) m(6) m(7) m(8)

Burst Type 2 m(1) m(5) m(3) m(6) m(2) m(4) - -
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