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1. Introduction
At the RAN#28 meeting (Quebec), the requirements and targets of Evolved UTRA and UTRAN were approved [1]. In the contribution, 2-branch antenna diversity at a UE was decided as working assumption. Meanwhile, it is necessary to provide high data rate and wide coverage area in the uplink using the restricted transmission power at a UE. Therefore, making use of the fact such as two UE antennas, we propose transmit antenna selection/switching for uplink transmission which has only one active antenna for transmitting at one time. More importantly, it requires only one RF chain and one power amplifier for transmission. 

2. The Transmit Antenna Selection/Switching Scheme
2.1. Proposed Transmit Antenna Selection Scheme
As was decided in the requirement TR [1], the current working assumption is 2-branch antenna diversity at a UE.  In the uplink, due to the considerations of lower power consumption and cost reduction for RF components, only one power amplifier and one transmit RF circuitry configuration is desirable. On the other hand, to improve the achievable data rate and provide wider coverage area, as high as possible diversity order should be exploited by the uplink transmission scheme.
Thus, this contribution proposes antenna selection/switching transmission, as pointed out in [2],   employing 2 transmission antennas for FDD and TDD in the Evolved UTRA uplink. Figure 1 illustrates the block diagram of a UE employing the proposed transmit antenna selection scheme.
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Figure 1.  Block diagram of a UE employing transmit antenna selection scheme
The transmit antenna selection scheme has the following advantages:
· One RF transmitter circuitry including RF power amplifier, hence simpler implementation and lower power consumption;
· Same diversity order as a 2-antenna transmit diversity system.
It is therefore a promising technique for uplink transmission.
2.2. FDD Mode

There are two types of transmit antenna selection schemes for FDD: open loop and closed loop types.

(1) Open loop type
The open loop scheme is identical to the time switched transmit diversity (TSTD) scheme in UMTS, which is used for the synchronization channel as shown in Fig. 2. In the open loop scheme, the uplink shared data channel is transmitted from 2 antennas alternately. Thus, the space diversity is obtained to avoid deep fade in the shared data channel.
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Figure 2. Operational principle of the open loop type transmit antenna selection in FDD
Features of the open loop type are as follows.

· Reference signal transmission for antenna selection is not necessary;
· Feedback bits informing the selected antenna is not necessary in the downlink;
· Less diversity gain compared to closed loop type;
· Appropriate for contention based channel and shared channel.
(2) Closed loop type
In the closed loop type transmit antenna section mode, UE must transmit reference signals (i.e., pilot channel) from 2 antennas for channel quality measurement at a Node B in advance. Then, the antenna providing the higher received signal power is selected for transmitting succeeding shared data channel. The selected antenna information is fed-back to the target UE through the downlink control channel. Finally, the UE transmits uplink shared data channel employing the antenna selected. 
Features of the closed loop type are as follows:
· Reference signal transmission for antenna selection is required;
· Feedback bits informing the selected antenna is required in the downlink;
· Larger diversity gain compared to the open loop type, as the optimum transmit antenna is selected at every data-symbol block when the control loop tracks channel variation; 
· Appropriate for shared channel.
In this case, the reference signal for antenna selection must be transmitted alternately from 2 antennas associated with the antenna index, in order to keep one RF transmitter circuitry configuration as shown in Fig. 3.  Note that when the timing of the transmitted reference signals is known to Node B, the antenna index may not be required.  To keep the one RF transmitter circuitry restriction, additional delay occurs to transmit reference signals from 2 antennas. The reference signals should be transmitted periodically in-between the coded data symbol blocks.
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Figure 3.  Reference signal transmission for transmit antenna selection in FDD
Assuming two receiver antennas at Node B and two transmit antennas at UE, a simple flat-fading channel can be expressed as:
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where the first number in the subscript denotes the Node B antenna index, the second number is the UE antenna index, and term n denotes the sub-frame index. The uplink 1-by-2 maximal ratio combining (MRC) gains corresponding to the two UE antennas are then respectively 
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Node B will then select the UE antenna corresponding to the higher gain as the active transmit antenna of UE. For multipath fading channels, the above measurement shall be made for individual sub-carriers/chunks allocated for the UE in the uplink transmission. The selection shall be based on the average over all the allocated sub-carriers/chunks.

Finally, based on the feedback information of the selected UE antenna from Node B, UE transmit data channels using selected UE antenna with the allocated time duration and frequency band.
2.3. TDD mode
For TDD mode, reciprocity can be assumed for the uplink and downlink channels. Antenna selection can therefore be performed based on the downlink MIMO channel estimates. Supposing a 2-branch MIMO downlink, i.e., two antennas transmitting from basestation to the UE which has two receive antennas, a simple flat-fading 2-by-2 downlink MIMO channel can be expressed as:

[image: image6.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

)

(

)

(

)

(

)

(

)

(

22

21

12

11

n

h

n

h

n

h

n

h

n

H

DL

,
where the first number in the subscript denotes the UE antenna index, the second number is the Node B antenna index, and term n denotes the sub-frame index. The uplink 1-by-2 MRC gains corresponding to the two UE antennas are then respectively 
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UE will then select the antenna corresponding to the higher gain as its active transmit antenna. For multipath fading channels, the above measurement shall be made for individual sub-carriers/chunks allocated for the UE in the uplink transmission and the selection shall be based on the average over all the allocated sub-carriers/chunks.
When UE detects a power order change between the two antennas, it will switch to the other antenna.
3. The Various Operation Scenarios
The antenna selection scheme can work with the following operation scenarios:
· Normal transmission

· Inter-sector handoff
· Inter-cell handoff
4. Conclusions
A simple uplink transmit antenna selection scheme for FDD or TDD has been proposed. The proposed antenna selection scheme provides more diversity gain than single antenna transmission while keeping only one active antenna at one time for transmission. Only one RF chain and one power amplifier is required to keep the transmission complexity comparable to the single antenna transmission. No / very little additional overhead is needed to support the proposed scheme. 
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