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1 Introduction

The design choices for HS-SCCH are important to maintain as low a power overhead as possible, so that HS-DSCH capacity may be maximized [3]. In this regard, transmit diversity schemes are important to consider for HS-SCCH. This document compares the performance of the following transmit diversity options for the SCCH

1. Space-Time Transmit Diversity (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 [4]. 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. This document focuses on Mode 1.

The effect of mobile speed and scheduling are considered in comparing the different transmit diversity schemes with each other and with the performance of single antenna (SA) transmission.  

2 Coding for HS-SCCH

The HS-SCCH coding considered in this document is based on the two CRC design previously considered for HS-SCCH [1]. However, the general observations from this study will also apply to the other coding schemes such as UE specific scrambling of part1 information that is the current working assumption. In the two CRC scheme, the part1 and part2 information is split as below:

Part-1: Channelization code set, modulation scheme and UE specific CRC (20 bits)

Part-2: Transport-block-set size + Transport-channel identity and Hybrid-ARQ-related information + CRC (20 bits)

The fields carried by the SCCH are listed in Table 1

Table 1: SCCH fields and number of bits

Part I Fields and Bits

Channelization Code Space Information
7 bits

Modulation Information
1-bit

UE specific CRC
12- bits

Tail Bits
0-8

Total Information bits for Part I
20-28

PART II FIELDS AND BITS

HARQ Process ID
3 bits

HARQ Redundancy Version
2 bits

New/Continue Indication
1 bit

Transport Channel and Transport block information
6 bits

CRC
8 bits

Tail 
8 bits

Total Information bits for Part II
28 bits
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Figure 1 HS-SCCH coding without HI flag and with a single coder. The puncturing shown here is only an example. 

- A single convolution encoder is used with a few tail bits for Part I, and HS-SCCH and HS-DSCH transmission are staggered by one TTI is shown in Figure 1. When 8 tail bits are used, the decoding of Parts I and II are completely separated. 

3 Simulation Assumptions and Results

Simulations 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 SCCH and HS-DSCH
3-slots

Feedback delay
3 slots

CQI feedback error rate
0%

Feedback bit error rate for TxAA Mode 1 and STD
4%

Antenna verification for TxAA Mode 1 and STD
Perfect

Speed
3, 20km/hr

Channel
Single path, Rayleigh

Number of Users
Variable

Geometry of Users
0dB

Scheduler
Max C/I

Max number of simultaneous users on HS-DSCH
1

For TxAA Mode 1, the phase quantization and feedback are as specified in [4]. Precisely, there is one bit phase feedback every slot. At every slot, the antenna phase is adjusted by considering the two most recently received phase bits. Similarly, the STD scheme has one antenna indication bit every slot, and antenna switching is made every slot.  As pointed in [6], 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 Effect of UE speed

From Figure 2 and Figure 3 it is clear that transmit diversity schemes are considerably better than the case of single antenna and would therefore, help reduce power fraction needed for the HS-SCCH transmission. At 3km/hr, the STD and TxAA schemes are able to track the channel variations quite well and out-perform STTD. For 1% FER, STD is about 1dB better than STTD and TxAA Mode 1 is about 1.5dB better than STTD. At 20km/hr, the closed loop schemes suffer degradation as the feedback delay is long compared to the variations in the channel. All schemes again outperform the case of single antenna, and STTD performs the best still providing considerable gains over the case of single antenna.
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Figure 2: Overall FER vs Ec/Ior for 3km/hr and 1 user.
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Figure 3: Overall FER vs Ec/Ior for 20km/hr and 1 user. 
3.2 Effect of Scheduler

In the presence of a channel quality sensitive scheduling scheme such as Max C/I, transmission to a user is performed when the channel quality is relatively good. This will have two effects. Firstly, the required Ec/Ior for all schemes including single antenna should improve and secondly, the gap between single antenna and the transmit diversity schemes would narrow somewhat compared to the case when there is no scheduling. This effect is captured for the case of STTD and single antenna in Figure 4 for the case of scheduling with 1, 4 and 8 users. 
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Figure 4: Effect of scheduling on the performance of single antenna and STTD schemes (20km/hr).

For the case with scheduling, the performance is dominated by Part II errors, because the received SNR is more likely to decrease than increase after a user has been scheduled at up fade, and the delay between the CQI measurement and Part I transmission is smaller than that for Part II. An example using STTD, with 8 users and 20km/hr is shown in Figure 5. The PDFs of this example’s received SNR in slots 1, 2 and 3 in a TTI are shown in Figure 6. From this figure, it is clear that the SNR PDF is skewed toward the left for later slots. As a result, Part II FER is worse than Part I FER. These results suggest that Part II performance needs to be improved. This may be done by using fewer than the full eight tail bits for Part I, thereby providing Part II the additional coding benefit. Another option is to reduce the level of puncturing in Part II, by puncturing more in Part I.
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Figure 5: STTD Part I, Part II FERs for 20km/hr and 8 users.
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Figure 6: PDF of the STTD received SNR in slots 1, 2, and 3 (8 users).

4 Robustness Issues

With STD and TxAA schemes robustness of SCCH performance to uplink feedback errors is an important consideration. Note that unlike the case of HS-DSCH where some level of robustness is always present due to the presence of hybrid ARQ, the SCCH has no such benefit. In the case of STD, an error would cause the Node B to transmit on the wrong antenna to the UE. The UE will then try to demodulate the received signal using channel estimates corresponding to the antenna that it had indicated to the Node B. Since the received signal from the antennas would be uncorrelated, the result of demodulation would be an SCCH error with high probability. In the case of TxAA schemes, a bit-error on the uplink feedback would result in the wrong antenna phases or weights being applied. In reality, the performance of STD and TxAA will become worse.

With STTD, antenna phase or weight feedback is not needed, thus the robustness issues caused by feedback errors disappear. From the results presented in this document, it appears that STTD is 1-1.5dB worse than STD and TxAA Mode 1 at low speeds, but is much better at medium speeds. Taking into consideration the robustness issues and the additional complexity needed for antenna verification, using STTD only for HS-SCCH seems to be a viable approach. Note that this conclusion does not hold for the HS-DSCH [5], where the use of rate control (as opposed to aiming for a target FER as is the case for SCCH) and the robustness provided by hybrid-ARQ, allow STD and TxAA to still be superior to STTD up to medium speeds. In the light of this, a system with STTD only for HS-SCCH and allowing other transmit diversity schemes for HS-DSCH may need separate CQI feedbacks for HS-SCCH and HS-DSCH. Otherwise, the HS-SCCH performance might degrade. In Figure 7and Figure 8 the scheduled HS-SCCH performance (with STTD) for systems using different HS-DSCH transmit diversity schemes and CQI feedbacks is shown. When CQI of STD or TxAA Mode 1 is used, the HS-SCCH performance can be degraded by 0.8-1.2 dB.
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Figure 7: Scheduled SCCH performance degradation due to CQI mismatch (8 users, 3km/hr).
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Figure 8: Scheduled SCCH performance degradation due to CQI mismatch (8 users, 20km/hr).

When the UE is not in soft handoff, TPC for DPCCH power control can be used to power control the HS-SCCH. However, in the situation of soft handoff, the HS-SCCH has to rely on the CQI from the HS-DPCCH to do power control. The CQI mismatch due to use of different transmit diversity schemes on the HS-SCCH and HS-DSCH will affect the HS-SCCH performance. Therefore, a power margin has to be added to the HS-SCCH if the HS-SCCH and the HS-DSCH are using different transmit diversity schemes and the CQI feedback is to be used directly for power control. Figure 9 shows the power controlled HS-SCCH performance assuming that the Node B uses the same power control parameters regardless of what transmit diversity scheme is used for HS-DSCH. At 1% FER, a power margin of 2 dB is required if the HS-DSCH is not using STTD.
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Figure 9: SCCH performance degradation due to CQI mismatch (1 user, power controlled).

5 Conclusions

This document compares various transmit diversity options for the HS-SCCH. The conclusions are as follows:

· At 3km/hr all transmit diversity schemes provide substantial gains compared to single antenna transmission. STTD is around 9 dB better than SA, STD and TxAA Mode 1 are around 10 and 10.5 dB better respectively as compared to SA.

· At 20km/hr, the closed loop schemes, STD and TxAA degrade considerably. STD and TxAA Mode 1 are around 5 dB better than SA. On the other hand, STTD still maintains a 7-8 dB advantage over SA. 

· If the effect of a channel-quality sensitive scheduler is considered, all schemes benefit due to multi-user diversity. The case of Max C/I scheduling over 4 and 8 users (with 0 dB geometry) shows that both SA and STTD improve substantially. However, as expected, SA improves a lot more than STTD. With 8 users at 20km/hr, STTD is around 3dB better than SA.

· The effect of feedback errors degrades performance of STD and TxAA. The problem may be partly alleviated with antenna verification at the expense of greater UE complexity.  

From the results presented in this document, it appears that closed loop schemes provide gains of between 1-1.5dB as compared to STTD at low speeds. At medium speeds, STTD performance is much better than both STD and TxAA. Additionally, STD and TxAA schemes are susceptible to feedback errors.

Therefore, - STTD can be used for the HS-SCCH for all the UE speeds. Since STD and TxAA are superior to STTD for the HS-DSCH up to medium speeds, the problem of CQI mismatch for HS-SCCH has to be considered. It was shown that, in the scheduled case, CQI mismatch can cause 0.8-1.2 dB degradation in the HS-SCCH performance. Moreover, when the CQI is used for the power control of HS-SCCH, a 2 dB power margin has to be added if the HS-DSCH is not using STTD.
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