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1 Introduction

In the WG1#25 meeting, it was shown that on HS-SCCH, Space-Time Transmit Diversity (STTD) offers higher robustness to mobile speed as compared to TxAA schemes [2]. It was also discussed that unless perfect antenna verification is possible, the HS-DSCH and HS-SCCH performance with TxAA will degrade. In this document, the following transmit diversity options are compared thoroughly, taking into consideration the impacts of feedback errors and antenna verification, for the HS-SCCH

1. STTD as per R’99.

2. Selection Transmit Diversity (STD) where the UE sends feedback about which antenna is preferred.

3. Closed Loop Transmit Diversity or TxAA schemes where the UE signals quantized antenna phase rotation information as well as antenna power weights. In Release’99 two TxAA modes are specified [3]. In Mode 1 TxAA a two-bit feedback is used for phase rotation alone and in Mode 2 TxAA, a four-bit feedback is employed, 1 bit for antenna weight indication and 3 bits for phase rotation. The UE is allowed to signal one feedback bit per slot (0.67ms).

The performances of these transmit diversity schemes are compared with that of the single antenna (SA) scheme. In general, transmit diversity provides significant gain over single antenna transmission. It is also noticed that, when feedback errors and imperfect antenna verification are considered, STTD gives slightly worse performance than that of the TxAA and STD at low mobile speed, and outperforms TxAA and STD at medium to high speed.

2 Coding for HS-SCCH

The HS-SCCH coding considered in this document is based on [1] except that the coding rate is 1/3 instead of 1/2. The HS-SCCH structure is specified as below:

Part-1: Channelization code set and modulation scheme (8 bits)

Part-2: Transport-block-set size + Transport-channel identity and Hybrid-ARQ-related information + CRC (29 bits)

The fields carried by the HS-SCCH are listed in Table 1

Table 1: HS-SCCH fields and number of bits

	Part I Fields and Bits

	Channelization-code Set
	7 bits

	Modulation Scheme
	1 bit

	Tail Bits
	8

	Total Information bits for Part I
	8

	PART II FIELDS AND BITS

	HARQ Process Number
	3 bits

	HARQ Redundancy Version
	3 bits

	New-data Indicator
	1 bit

	Transport Channel and Transport block information
	6 bits

	CRC
	16 bits

	Tail 
	8 bits

	Total Information bits for Part II
	29 bits
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Figure 1 HS-SCCH structure.

The Part-1 and Part-2 fields are encoded with a rate 1/3 convolutional code, and transmitted in slot-1 and slots 2-3, respectively, as shown in Figure 1.

3 Simulation Assumptions and Results

The simulation assumptions used are listed in Table 2. 

Table 2: Parameters used for the simulation

	PARAMETER
	VALUE

	Code Rate
	1/3 with puncturing

	Part I Tail Bits
	8

	Staggering between HS-SCCH and HS-DSCH
	2 slots

	Feedback delay
	1 slot

	CQI feedback error rate
	0%

	Feedback bit error rate for TxAA and STD
	0% and 4%

	Antenna verification for TxAA and STD
	Perfect/None

	Speed
	3 and 30km/hr

	Channel
	Single path, Rayleigh

	Number of Users
	1 or 4

	Geometry of Users
	0dB

	Scheduler
	Max C/I

	Number of HS-SCCHs
	1

	Max number of simultaneous users on HS-DSCH
	1


For TxAA Mode 1, the antenna phase quantization feedback is as specified in [3]. Precisely, there is one bit feedback every slot. The antenna phase is adjusted at every slot by considering the two most recently received phase bits. Similarly, the STD scheme has one antenna indication bit every slot, and the antenna switching is made every slot.  As pointed in [4], for HSDPA, it is desirable to carry feedback information on the HS-DPCCH rather than on the UL-DPCCH. 

All results are plotted as overall frame error rate (Part I in error OR Part II in error) as a function of Ec/Ior.

3.1 Performance with Error Free Antenna Weight/Phase Feedback

In Figure 2 to Figure 4, the performances when the antenna weight and phase feedback are error free are shown for single user, 3km/h, 30km/h and 120km/h, respectively. At all speeds, the transmit diversity schemes significantly outperform the single antenna scheme. At 3km/h, TxAA Mode 1 is 0.6 dB better than STD, and about 2 dB better than STTD at 1% FER. The advantage of closed-loop schemes vanishes as the mobile speed increases due to the less accurate antenna weight/phase feedback. At 120km/h, all schemes improve with the presence of the time diversity within a TTI. STTD is 2 dB better than STD. Compared to STD, TxAA Mode 1 is more sensitive to fading speed, and performs worse at high speed.
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Figure 2: FER vs Ec/Ior for 3km/hr, 1 user, and 0% Feedback Error Rate.
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Figure 3: FER vs Ec/Ior for 30km/hr, 1 user and 0% Feedback Error Rate. 
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Figure 4: FER vs Ec/Ior for 120km/hr, 1 user and 0% Feedback Error Rate.

3.2 Noisy Antenna Weight/Phase Feedback with UE Antenna Verification

In the presence of the antenna weight/phase feedback errors, the Node B could apply the wrong antenna weights and degrade the performance of the closed-loop schemes. In this situation, the optimal demodulation procedure the UE can have is to estimate the actual weights applied by the Node B, then use these weights, instead of what the UE fed back, to coherently recover the signal. The inconsistency between the weights the UE fed back and what Node B uses can be detected via Antenna Verification (AV). In Figure 5 and Figure 6 the single user performance is plotted for the case when the feedback bit error rate (BER) is 4%, and the UE has perfect AV and accurate estimation of the weights applied by the Node B. Compared to the results in Figure 2 and Figure 3, up to 1 dB degradation at 1% FER is observed for the closed-loop schemes. STTD remains slightly worse than the closed-loop schemes at 3km/h. However, it is 1 dB better at 30km/h.
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Figure 5: The effect of feedback error (3km/hr, 1 user, perfect antenna verification).
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Figure 6: The effect of feedback error (30km/hr, 1 user, perfect antenna verification).

3.3 Noisy Antenna Weight/Phase Feedback without UE Antenna Verification

As discussed in the previous section, AV and accurate weight estimation are essential to achieving the optimal performance when the feedback is not error free. Unfortunately, AV is sometimes not easy to implement (e.g., for TxAA Mode 2). Even if it is implemented, it may not be accurate. To demonstrate the impact of AV, we assume that the UE always uses the weights it fed back to demodulate the signal. In other words, there is no AV. The results are plotted in Figure 7 and Figure 8. The impact of feedback errors without AV is more serious on STD than on TxAA Mode 1, as for STD a feedback error means completely wrong channel information being applied at the UE for demodulation. When there is no AV, TxAA Mode 1 has an error floor at about 4%, and STD at about 6%.
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Figure 7: The effect of antenna verification (3km/hr, 1 user).
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Figure 8: The effect of antenna verification (30km/hr, 1 user).

3.4 Multi-User Performance

The previous experiments are repeated for the case where four UEs are sharing one HS-SCCH. At each TTI (3 slots), the UE with the maximum C/I feedback is scheduled. These results are shown in Figure 9 to Figure 15. It is observed that when the feedback is error free, at 3km/h, the closed-loop schemes are 2 dB better than STTD, which is 1.6 dB better than single-antenna scheme. At 30km/h, the gap between STTD and the closed-loop schemes is about 0.9-1.2 dB, while STTD becomes 2.8 dB better than the single-antenna scheme.

As shown in Figure 11 and Figure 12, the impact of feedback error is more pronounced in the multi-user case. In general, STD is more affected by the feedback errors due to the reason that the scheduled UE tends to have much higher C/I on the selected antenna than on the other antenna, and is more vulnerable to the errors in the antenna selection. TxAA Mode 1 is more robust for the reason that it always has equal power allocation on the two antennas, and its antenna phase feedback is filtered and has a lower error rate. At 30km/h and 1% FER, STTD is 0.6dB worse than TxAA Mode 1 with perfect AV. When the mobile speed increases slightly to 40km/h, STTD becomes the best performer.

When the UE does not have antenna verification and applies the weights it fed back, there is again an error floor for the closed-loop schemes.
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Figure 9: FER vs Ec/Ior for 3km/hr, 4 users, and 0% Feedback Error Rate.
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Figure 10: FER vs Ec/Ior for 30km/hr, 4 users and 0% Feedback Error Rate.
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Figure 11: The effect of feedback error (3km/hr, 4 users, perfect antenna verification).
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Figure 12: The effect of feedback error (30km/hr, 4 users, perfect antenna verification).
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Figure 13: The effect of feedback error (30km/hr, 4 users, perfect antenna verification).
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Figure 14: The effect of antenna verification (3km/hr, 4 users).
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Figure 15: The effect of antenna verification (30km/hr, 4 users).

4 Conclusions

This document compares various transmit diversity options for the HS-SCCH.  The impacts of antenna weight/phase feedback error, antenna verification, and multi-user scheduling are shown. The conclusions are as follows:

· All transmit diversity schemes provide substantial gains compared to single antenna transmission.

· All schemes benefit from time diversity as the fading speed increases. On the other hand, delayed feedback causes the performance of the closed-loop schemes to degrade as the fading speed increases. These two effects make closed-loop schemes worse than STTD at high speed, although it is better at low speed.

· When there are feedback errors, the closed-loop schemes are noticeably affected, even with perfect antenna verification. With single user, TxAA Mode 1 is more sensitive to feedback delay and errors. When there are multi-users and Max C/I scheduling, STD is affected more, due to the larger penalty of selecting the wrong antenna.

· If the UE does not have antenna verification and only applies the antenna weights it fed back, there will be an error floor for the closed-loop schemes. STD is affected more by feedback errors without AV and has an error floor at about 6% when the feedback BER is 4%. TxAA Mode 1 has an error floor at around 4%.

From the results presented in this document, it is clear that the closed-loop schemes are vulnerable to feedback errors, imperfect antenna verification, and high mobile speed. STTD, on the other hand, is more robust to the mobile speed, and does not need antenna weight/phase feedback or antenna verification. At low fading speed, closed-loop transmit diversity schemes appear to be better choices for the HS-SCCH. While at high speed or in the presence of imperfect antenna verification, STTD is a better choice. If the system design constraint allows switching transmit diversity modes according to the fading speed, HS-DSCH and HS-SCCH can both use closed-loop schemes at low speed, and STTD at high speed. If switching transmit diversity modes is not allowed, STTD seems to be a better choice for HS-SCCH for its robustness.
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