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1. Introduction

At RAN1#17, WG1 discussed on downlink transmit diversity schemes for 1.28 Mcps TDD and agreed that TSTD may be also applied to P-CCPCH, DwPCH and DPCH. [1] In this contribution, detail discussion is described on downlink transmit diversity schemes for 1.28 Mcps TDD and the text for signalling support for the downlink transmit diversity schemes of 1.28 Mcps TDD is proposed to be added in TR 25.834. [2]

2. Discussion
The performance of a mobile communication system depends largely on how well the system is designed to overcome the time varying characteristics of the communication channel. One way of improving the performance in time varying channel environment is to use diversity technology. TSTD (Time Switched Transmit Diversity), TxAA (Transmit Antenna Array), and STTD (Space Time Transmit Diversity) are three of the methods that use (time and) space diversity technology. Each of these three methods has its own advantages and disadvantages. The advantages of TSTD are that it is quite simple to implement and the receiver structure requires little changes to receive the TSTD transmitted signal. Even though the performance of TSTD may not be the best among other transmit diversity schemes mentioned above, at worst the performance of TSTD is on par with the single antenna case. Furthermore, taking advantage of the frame structure of 1.28Mcps UTRA TDD, the base station can use TSTD with only a single power amplifier, by alternately switching the power amplifier between the two antennas. Since the power amplifier is the most expensive part of the base station system, this feature makes TSTD a quite attractive technique as long as the system cost is concerned.

2.1 Frame Structure of 1.28Mcps TDD mode

Figure 1 shows the frame structure of 1.28Mcps UTRA TDD. As shown in the figure, a 10ms radio frame consists of two 5ms sub-frames, each of which in turn consists of 7 traffic timeslots, DwPTS (Downlink Pilot Time Slot), UpPTS (Uplink Pilot Time Slot) and a Guard Period. And each of the traffic timeslots consists of two data fields, a midamble part, and a 16 chip long guard period at the end of the timeslot. Thus, there is a 16 chip long guard period of 12.5 (sec at the end of each sub-frame (marked in red in figure 1).
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Figure 1. The frame and sub-frame structure of 1.28Mcps TDD mode.

2.2 TSTD Transmission

For TSTD transmission, two spatially separated antennas alternate with each other to transmit the signal every sub-frame. During the 12.5 (sec period at the end of each sub-frame, the power amplifier is switched from one antenna to the other of the two antennas every 5 ms sub-frame. Thus, each of the two antennas transmits the signal 100 times a second, for 5 ms each time, and the power amplifier is switched from antenna 1 to antenna 2 or from antenna 2 to antenna 1 200 times a second. The transmission pattern of the two TSTD antennas is shown in figure 2. Note that TSTD transmission is identical to the transmission of the signal by a single antenna without Tx diversity, except for the switching operation between the two antennas.

A summary of the TSTD scheme is as follows.
· The TSTD scheme takes advantage of the sub-frame structure of 1.28Mcps TDD mode.

· Negligible additional hardware cost for base station (no additional power amplifier).

· There is little impact on UE receiver structure.

· TSTD requires minimal higher layer signalling. The higher layer only need to inform the UE that TSTD scheme is used so that UE can use appropriate power control algorithm.


Figure 2. TSTD switching pattern utilizing sub-frame structure

2.3 Tx Diversity and Beamforming

Depending on the capability of the base station and the characteristics of the physical channels, many different combinations of TSTD, STTD, and beamforming are possible. For DwPCH, STTD cannot be used due to its nature. For P-CCPCH, both of the STTD and TSTD can be used but beamforming cannot be used because P-CCPCH carries the broadcast channel BCH. On the other hand, beamforming as well as Tx diversity schemes such as STTD or TSTD can be used for DPCH. Table 1 summaries the possible cases of the combination of these technologies for three physical channels: DwPCH, P-CCPCH, DPCH.

Table 1. Tx Diversity and beamforming


DwPCH
P-CCPCH
DPCH

Case 1
None
None
None or BF

Case 2
None or TSTD
STTD
BF

Case 3
TSTD
TSTD
TSTD or BF

When the base station is equipped with an array antenna, TSTD can be used with beamforming (case 2 or case 3); beamforming can be used for the transmission of dedicated channels, but common channels such as P-CCPCH or S-CCPCH can be transmitted using TSTD.

3. Conclusion
As explained in the previous section, UTRAN shall inform the UE that TSTD scheme is used so that UE can use appropriate power control algorithm. We propose the following text proposal is included in TR 25.834 to inform the usage of TSTD to UE.
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13.3.2.x Parameter required to inform the usage of TSTD

Depending on the capability of the base station and the characteristics of the physical channels, TSTD can be used to overcome the time varying characteristics of the communication channel. In 1.28Mcps UTRA TDD, TSTD can be applied to P-CCPCH, DwPCH, and DPCH. In case of DPCH, UE shall have the knowledge about the usage of TSTD due to the power control of DPCH. Transmission power control of DPCH is currently discussed for 1.28Mcps in WG1. Similar as for the IE “Tx diversity indicator” for FDD, “TSTD indicator” can be defined and used to inform the application of TSTD to DPCH.
===============  partially omitted ====================

13.3.3.x Additional information element for TSTD

The following information element is proposed to be additionally included in IE “Downlink DPCH info for each RL”.
Information Element/Group name
Need
Multi
Type and reference
Semantics description

TSTD indicator
MD

Boolean
Default value is “TRUE”

-------------------------------------- End of text proposal for working CR for 25.834 ----------------------------------------
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