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Introduction

The 1.28 Mcps TDD option is a work item for release 2000 of 3GPP. The basis for the work has been the proposal from CWTS. The work aims at having a harmonised TDD mode. 

For operators, the most important harmonisation issue concerns co-existence between the two TDD options. It must be possible to operate the 1.28 Mcps TDD and the 3.84 Mcps TDD modes in the same and in adjacent frequency bands in the same geographical area. The operator requirement is that harmonisation should aim at minimising capacity loss, and simplifying inter mode co-ordination, for such operation. For the case when the two co-existing TDD modes are operated by different operators, this requirement is vital for system viability.

The co-existence of two TDD modes, creates problems related to the frame structure and to BS to BS and mobile to mobile interference. These issues were identified for study at an early stage by RAN WG1, and an LS was sent to RAN WG4 [3]. In an answer [2] to this LS, RAN WG4 stated that operation in adjacent bands will be studied by WG4 but not the operational scenarios in the same band. It was also said that the studies shall be performed related to spectrum mask, ACLR and ACS issues, but not related to frame structures.

At the RAN WG1 meeting #15 in Berlin [1] it was realised that the responsibility for this very important part of the investigation has been lost between RAN WG1 and RAN WG4. Since RAN WG1 does not possess the expertise for identifying interference scenarios and calculating/evaluating the interference, WG4 is seen as the possible source to guide WG1 in this issue.

This paper highlights the effects of the differences in frame structure between the two TDD options of today, and the importance of having a full investigation on their co-existence before any decision is made on frame and timeslot structures of the 1.28 Mcps TDD option.

Frame structures of the two TDD options

Frame structure of the 3.84 Mcps TDD option

The TDMA frame has a duration of 10 ms and is subdivided into 15 time slots (TS) of 2560*Tc duration each. A time slot corresponds to 2560 chips.

Each 10 ms frame consists of 15 time slots, each allocated to either the uplink or the downlink (figure 1), thus it is possible to have a switching point between every time slot. 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 allocated for the downlink and at least one time slot has to be allocated for the uplink.
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Figure 1: The 3.84 Mcps TDD frame structure

Frame structure of the 1.28 Mcps TDD option

For low chip rate option, the frame length is 10ms and the 10ms frame is divided into 2 sub-frames of 5ms. The frame structure for each sub-frame in the 10ms frame length is the same.
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Figure 2: Structure of the sub-frame for the 1.28 Mcps TDD option

· Tsn (n from 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 the figure above, the total number of normal traffic time slot 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 Ts1 is always allocated as uplink. The time slots for the uplink and the downlink are separated by a switching point.  Between the downlink time slots and uplink time slots, the special period is the switching point to separate the uplink and downlink. In each sub-frame of 5ms for 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.

Co-existence problems

Adjacent channel interference BS - BS or MS - MS, depends on transmission power, the receiver and transmitter filter, coupling loss and the level of synchronisation of UL and DL transmission. For example in the MS-MS scenario the minimum coupling loss could correspond to the distance of 1 m. When operators are deploying TDD in the same geographical area, co-ordination in terms of synchronisation is probably needed to decrease interference and to improve capacity. Synchronisation is not possible between the 3.84 Mcps TDD and the 1.28 Mcps TDD of today, due to the fact that the 1.28 Mcps TDD option has a different frame structure compared to the existing 3.84 TDD option. 

The size of a time slot in 3.84 Mcps TDD is 0.667 ms and for the 1.28 Mcps TDD the time slot duration is 0.675. The control slot of the 1.28 Mcps TDD has a duration of 0.276 ms, which makes it impossible to synchronise the two options, see figure 3.


[image: image2.wmf]10 ms



[image: image3.wmf]
Figure 3. One TDD synchronisation scenario of the TDD options. Note that the 1.28 Mcps TDD option just has one flexible switching point, and that the 3.84 Mcps TDD has 14.

A number of possible scenarios have already been depicted already in previous LS from WG1 [3]. Those include both same band scenarios and adjacent band scenarios, with and without co-ordination. 

Those scenarios are for geographic areas in which both UTRA 3.84 Mcps TDD and UTRA 1.28 Mcps TDD are deployed. We focus on the interference scenarios between the different TDD options and not on interference between TDD of same option. Since the two modes have different basic physical frame structures and slot lengths there will always be BS-to-BS and MS-to-MS interference. Hence, the BS-to-Bs and MS-to-MS interference situations should be taking into account by employing possible ACLR and ACS performance requirements.    

In order to limit the number of cases one typical example would be the case of a system with 1.28 Mchip/s mode with adjacent system using 3.84 Mcps. Both of them are uncoordinated.
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Figure 4. The TDD options uncoordinated. 

One example of interference, based on this figure, is that every other subframe in the BS receiver of the1.28 mode is suspected to 3.84 BS interference. The same applies for some of the slots of the 3.84 mode in its uplink receiver. The same interference situations apply also for the case with same band. 

Proposal

It is suggested that WG4 experts studies and evaluates the possible interference situations and consequences with respect to spectrum co-existence taking into account the differences in basic physical frame structure. A natural reference case would be when the 1.28 Mcps TDD has the same frame structure as the 3.84 Mcps TDD. Advice should be given to WG1 on consequences and possibilities to mitigate problems, how could a possible structure look like to achieve ‘best’ possible spectrum co-existence possibilities with and without co-ordination.

A liaison statement should be sent to TSG RAN, and to RAN WG1 concerning the division of work between RAN WG1 and RAN WG4 on this issue.
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