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1. Summary

UTRA has two modes, FDD (Frequency Division Duplex) & TDD (Time Division Duplex), and the TDD mode
has two options, high chip rate option (with 3.84 Mcps) and low chip rate option (with 1.28 Mcps). Because of the
different transmitting rate, the frame structure of the two options has some difference. In high chip rate option, 210 ms
radio frameis divided into 15 dots (2560 chip/dot at the chip rate 3.84 Mcps). Whilein low chip rate option, a10 ms
radio frameis subdivided into 2 equal 5 ms sub-frames. Each sub-frame is divided into 7 normal traffic sots (864
chip/dot), two pilot slots (one is 96 chips, the other is 160 chips) and one specia guard period (96 chips). There are
total 6400 chips/5 ms at the chip rate 1.28 Mcps.

2. Introduction and comparison with high chip option

Asin high chip rate TDD option, al physical channelsin low chip rate option take three-layer structure with
respect to timedots, radio frames and system frame numbering (SFN). The length of the radio frameis 10 ms both in
high and low chip rate TDD option. But in low chip rate TDD option, this 10 msradio frame is subdivided into 2 equal
5 ms sub-frame to allow the fast update of power control, uplink synchronization, and smart antenna beamforming.

Thetime dots are used in the sense of a TDMA component to separate different user signals in the time and the code
domain. In high chip option, the 10 ms radio frame is subdivided into 15 time slots (TS) of 2560* T, duration each. A
time slot corresponds to 2560 chips. All the time dots in the radio frame are same.

Whilein low chip rate option, a5 ms sub-frame is subdivided into 7 normal traffic time slots (each corresponds to
864 chips) with 2 pilot time dotsand 1 specia guard period. The 2 pilot time slots (DwWPTS and UpPTS) are used for
downlink and uplink synchronisation. (Note that the UpPTS is not continuously transmitted and the DWPTS is not
continuously received.) The specia guard period is used as a switching point to separate the uplink and downlink. Its
96 chips length ensures that the UpPTS transmitted by one UE will not disturb the reception of the DWPTS for other
UEs being close by and the 96 chips length can support the cell radius up to about 11km. If the distortion is accepted in
the network the cell radius can be bigger.

In high chip rate option, each of the 15 time dlots in one radio frame can be allocated to either the uplink or the
downlink which means that there can be multiple switching points in one radio frame.

In low chip rate option, among the 7 normal traffic time ot in the 5 ms sub-frame, T<0 is aways alocated as
downlink while Tsl is always allocated as uplink. The time dots for the uplink and the time dots for the downlink are
separated by the switching point. Between the downlink time slots and uplink time slots, the specia guard period is the
switching point to separate the uplink and downlink. In each 5ms sub-frame, there are two switching points (uplink to
downlink and vice versa). Thisisto ensure that Node B can update the smart antenna’ s beamforming in 5 ms. And it is
also based on the consideration of decrease the interference between different UE in an synchronized TDD mode(e.g.
an UE may need to pre-transmit its signal due to the uplink synchronisation requirement, if multiple switching points
are assigned, this pre-transmitted signal may cause some serious interference to other downlink time slot). Using the
above frame structure, the low chip rate TDD option can operate on both symmetric and asymmetric mode by properly
configuring the number of downlink and uplink time dlots; (note that whatever the time slot configuration will be, the



GP and DwPT S position within the frame should not change in order not to desynchronise the UEs and in order to
allow Node B on air synchronisation procedures which make use of the DwWPTS channel!) . It should be noted that in
asymmetric operation mode, at least one normal uplink time slot and one downlink time slot will be allocated for traffic
(TS0 for downlink and Ts1 for uplink).

3. Proposal

We propose to modify following paragraphs in the TS25.221 as the description of the frame structure of the low chip
rate TDD option.
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5 Physical channels

All physical channels take three-layer structure with respect to timeslots, radio frames and system frame numbering
(SFN), see [14]. Depending on the resource allocation, the configuration of radio frames or timesl ots 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 signalsin the time and the code domain. The physical channel signal format for high and low
chip rate TDD option are-s presented in figure 1 and figure 2 respectively.-

A physical channel in TDD is aburst, which is transmitted in a particular timeslot within alocated Radio Frames. The
allocation can be continuous, i.e. the time dot in every frameis allocated to the physical channel or discontinuous, i.e.
the time slot in asubset of al framesis allocated only. A burst is the combination of a data part, amidamble and a
guard period. The duration of a burst is one time slot. Severa 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.

Radio Frame (10ms)
+—>

frame # frame#i+1

| TimeSlot (2860°T) T T m———__
—  TTT e

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

Figure 1: Physical channel signal format_for the high chiprate TDD option

Radio frame (10ms)
« >

frame #i frame #i+1

subframe (5ms)

P
subframe #1 subframe #2
TS0 TS1 TS2 TS3 TS4 TS5 TS6

Figure 2: Physical channel signal format for the low chiprate TDD option

The data part of the burst is spread with a combination of channelisation code and scrambling code. The channelisation
code isa 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.

So aphysical channel is defined by frequency, timeslot, channelisation code, burst type and Radio Frame allocation The
scrambling code and the basic midamble code are broadcast and may be constant within a cell. When a physical channel
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is established, a start frame is given. The physical channels can either be of infinite duration, or a duration for the
allocation can be defined.

5.1 Frame structure

51.1 Frame structure for the high chiprate TDD option

The TDMA frame has a duration of 10 ms and is subdivided into 15 time dots (TS) of 2560* T, duration each. A time
slot corresponds to 2560 chips. The physical content of the time dlots are the bursts of corresponding length as
described in subclause 5.2.2.

Each 10 msframe consists of 15 time slots, each allocated to either the uplink or the downlink (figure 2). With such a
flexibility, the TDD mode can be adapted to different environments and deployment scenarios. In any configuration at
least one time slot has to be alocated for the downlink and at Ieast one time slot has to be alocated for the uplink.

frequency

P 10 ms >
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| > e 2560* T

‘ Figure 23 : The TDD frame structure_for the high chiprate TDD option

Examples for multiple and single switching point configurations as well as for symmetric and asymmetric UL/DL
‘ alocations are given in figure 34.
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Multiple-switching-point configuration (symmetric DL/UL allocation)
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Multiple-switching-point configuration (asymmetric DL/UL allocation)

10 ms

PP EPRREERER

Single-switching-point configuration (symmetric DL/UL allocation)
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Figure-3Figure 4: TDD frame structure examples
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5.1.2 Frame structure for the low chiprate TDD option

The TDMA frame has a duration of 10 ms and is divided into 2 sub-frames of 5ms. The frame structure for each sub-
frame in the 10ms frame length is the same.

4——— Subframe 5ms (6400chip)

Switching Point

1.28Mchipls Tov |[|| T | ToA| Tah| Tsav| TSV | THY

DwWPTS ) UpPTS Switching Point
(96chips) CP (96ChipS)  (150chips)

Figure 5 Structure of the sub-frame for low chip rate option

Tsn (nfrom 0 to 6): the nth normal time slot, 864 chips duration;
DwPTS: downlink pilot time slot, 96 chips duration;

UpPTS: uplink pilot time slot, 160 chips duration;

GP: main guard period for TDD operation, 96 chips duration;

In Figure 5, the total number of normal traffic time dot for uplink and downlink is 7, and the length for each normal
time slot is 864 chips duration. Among the 7 normal traffic time slot, TS0 is always allocated as downlink while Tsl is
aways alocated as uplink. The time slots for the uplink and the downlink are separated by a switching point. Between
the downlink time sots and uplink time slots, the specia period is the switching point to separate the uplink and
downlink. In each sub-frame of 5msfor low chip rate option, there are two switching points (uplink to downlink and

vice versa).

Using the above frame structure, the low chip rate TDD option can operate on both symmetric and asymmetric mode by
properly configuring the number of downlink and uplink time slots. In any configuration at |east one time slot (TS0) has
to be allocated for the downlink and at least one time slot has to be allocated for the uplink (TS1).

Examples for symmetric and asymmetric UL/DL allocations are given in figure 6.
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symmetric DL/UL allocation
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asymmetric DL/UL allocation

Figure 6: low chip rate TDD sub-frame structure examples
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