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1. Introduction

Closed-loop transmit adaptive array (TxAA) for 2-antenna base stations has been incorporated in the Release 99 specification for the downlink [1, Section 7]. It consists of 2 modes:

· Mode 1: 1-bit phase feedback with filtering at the base station.

· Mode 2: 3-bit phase and 1-bit magnitude feedback with incremental increase in phase resolution.

For Mode 2, a total of 4 bits are needed to represent a weighting vector (magnitude and phase). That is, one weighting codeword for Mode 2 consists of 4 bits. A per-slot feedback update rate is used, and one uplink DPCCH slot carries only 1 feedback information (FBI) bit. Hence, for Mode 2 a full codeword is received within 4 slots.

Note that the initial working assumption for TxAA in Release 99 was 16 slots per frame instead of 15 slots per frame (prior to the harmonization between WCDMA and cdma2000). This was perhaps one of the reasons that 4-bit feedback was chosen for Mode 2, which is the highest resolution TxAA mode (since 16 is a multiple of 4). For both Mode 1 and 2, moving from 16 to 15 slots per frame results in some edge effects for weighting the vector computation since the phase adjustment determination is initialized at the beginning of each frame (see [1, Section 7]).

It has been decided for HSDPA that one frame (TTI) consists of 3 slots. To apply TxAA for HSDPA, it is preferable to be able to fit one full weighting codeword into one TTI. This is not possible for the current Release 99 Mode 2 since 1 codeword consists of 4 bits. This results in an increased feedback delay, which lowers the UE speed threshold at which the switching from Mode 2 to Mode 1 is done. Hence, it decreases the overall gain of TxAA over the open-loop scheme (STTD). 

2. The Proposed Modification for Mode 2 TxAA

For low UE speeds, the gain of Mode 2 over Mode 1 mainly comes from the additional magnitude bit instead of the additional phase bits. Mode 1 has achieved a fairly fine phase resolution due to the filtering operation. This suggests that one phase bit from Mode 2 can be removed. For HSDPA, we propose to modify Mode 2 as follows:

· 2-bit phase feedback is used instead of 3-bit phase feedback. The possible phase values are 
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· The same 1-bit magnitude feedback is used. The relative power between two antennas remains the same.

· If further phase resolution is desired, a filtering approach analogous to Mode 1 can be used.

Hence, a total of 3 bits are used in a codeword. This fits into one HSDPA TTI.

When both voice (Release 99) and data (HSDPA) services exist for a particular low-speed user, a conflict between Mode 2 for voice and the modified mode for data occurs. This creates a problem since both voice and data services utilize the same uplink DPCCH channel for TxAA feedback. This can be resolved by using Mode 2 TxAA for data as well. However, we expect that those scenarios occur much less frequently. In general, only one service is active for a particular user.   

3. Simulation Results

We now demonstrate that the performance of the proposed TxAA mode is very close to that of Release 99 Mode 2. The following simulation parameters are assumed:

Table1. Simulation parameters

	Spreading factor
	16

	Number of codes
	10

	Antenna configuration
	Node B: 2 antennas, UE: 1 antenna

	Frame length
	2.0 ms (3-TS) 

	Ec / Ior
	70 %

	Fading model
	1 path Rayleigh, 3 kmph UE speed

	Correlation model
	IID

	Channel estimation
	Perfect 

	Feedback delay
	0

	Feedback error
	0 %


To compare the proposed mode and Mode 2, it suffices to compare the results in the absence of feedback delay and feedback error. Note that the proposed mode is inherently more robust to feedback delay and error compared to Mode 2. This is due to the larger delay and finer resolution of Mode 2 compared to the proposed mode.

Figures 1-4 depict the performance of the Release 99 Mode 1 and 2, the proposed mode (modified Mode 2), and STTD (assuming (2,1) configuration) for different MCS levels. The results for Mode 1 are shown for comparison. Observe that the performance of the proposed mode is very close to Mode 2 even in the absence of feedback error and delay.  

4. Conclusions

In this contribution, we have proposed a modification to the second TxAA mode from Release 99 for HSDPA applications. By using 3-bit feedback instead of 4-bit feedback, additional feedback delay can be avoided. This is mainly due to the TTI structure of HSDPA, where a single TTI consists of 3 slots.
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Figure 1. FER vs. Ior/Ioc for QPSK rate ½
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Figure 2. FER vs. Ior/Ioc for QPSK rate3/4
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Figure 3. FER vs. Ior/Ioc for 16QAM rate ½
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Figure 4. FER vs. Ior/Ioc for 16QAM rate 3/4
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