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1. Introduction

In the last WG1 meeting there was a discussion on the performance of the HS-DPCCH when the associated uplink DPCH is in a soft handover (SHO) state. Simulation results on the HS-DPCCH performance were presented and it was shown that serious performance degradation would occur when a realistic channel estimation procedure is considered [1][2][3]. There were many proposals to mitigate this problem and they are still under discussion [1]-[7]. To offer more insights into the current HS-DPCCH issue, this paper presents various simulation results and some considerations on the HS-DPCCH performance based on the current working assumptions with consideration of the channel estimation.

2. Simulations and results

We simulated the performances of ACK/NACK and CQI signaling with regard to the channel estimation duration and the number of the repetition of ACK/NACK or CQI signal.

Simulation assumptions are as follows.

- ACK/NACK transmission: 10 bits during 1 slot

- CQI transmission: 20 coded bits during 2 slots, (20,5) code in [8]

- pilot symbols on the associated DPCCH: 6 symbols during 1 slot

- geometry: 0 dB

- power control delay: 1 slot

- power control command bit error rate: 4 %

- radio channel: Rayleigh fading, 1 path

- receive antenna diversity: 2 antennas

- target Ec/Ior for the associated DPCCH: -21 dB (-24 dB per antenna)

For the channel estimation, we considered both 1 slot (6 pilot symbols) and 3 slots (18 pilot symbols) as the average durations. For the repetition, we considered the cases of N_acknack_transmit (or N_cqi_transmit)=1, 2 and 3, where the value '1' means no repetition.

2.1 ACK/NACK performances

Figure 1-4 shows the BER performances of ACK/NACK signals where the decision threshold for ACK/NACK is set to keep the DTX to ACK error rate below 10-2. Both 3km/hr and 30 km/hr UE speeds are considered. For convenience's sake, we notify the number of transmissions by N (N=1 means no repetition) and the number of slots used for the channel estimation by S. In addition, we notify the perfect channel estimation case by 'Perfect'.

In a SHO region, required transmit power for ACK signal is extremely large if only 1-slot (6 pilot symbols) channel estimation is used. If we assume the ACK BER restriction as 10-2, the difference in the power requirements between the 'perfect' estimation case and the 1 slot estimation case amounts to about 20 dB as shown in the Figure 1 and 2. Moreover, as Figure 3 and 4 shows, required BER performance of 10-4 for NACK signal can't be obtained regardless of the transmit power when 1-slot estimation is used, which is a similar result with that of [1]. This is because the phase estimation error dominates the BER performance in a high SIR region (It should be noted that a higher power offset doesn't mean a higher pilot SIR since pilot target SIR is fixed as –24dB in this simulation).

However, if longer channel estimation duration (3 slots in this simulation) is used, channel estimation become more robust and the BER performances of ACK/NACK in the SHO case are significantly improved. For the NACK signal, 3-slot estimation improves the required NACK power offset to about 0 dB when the UE speed is of 3km/hr, but when the UE speed is 30km/hr, NACK BER floor still appears and the required BER 10-4 can't be met as shown in Figure 4.

Figure 1-4 also shows the ACK/NACK performances with repetition scheme, which is included in the current working assumptions in the HS-DPCCH transmission. As shown in the figures, repetition scheme is more effective when the UE speed is comparatively high (30km/hr) since time diversity can be obtained in the case of high speed UE. Figure 1 and 2 show that the ACK BER restriction can be met at the power offset of 5dB (3km/hr) or 2dB (30km/hr) when 2 times repetition (N=3) and 3-slot estimation (S=3) are used. However, required ACK power offset of 5dB or 2dB after 2-times repetition can still be a burden for the network since it is obtained at the expense of some restrictions on the scheduling.

Required NACK power offsets are in a very low range when repetition and 3-slot estimation are used as shown in Figure 3 and 4. It can be also noted that the error floor in 30km/hr case disappears when repetition is used.
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Figure 1. Bit error rate of ACK (UE speed = 3km/hr)
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Figure 2. Bit error rate of ACK (UE speed = 30km/hr)
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Figure 3. Bit error rate of NACK (UE speed = 3km/hr)
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Figure 4. Bit error rate of NACK (UE speed = 30km/hr)

The simulation results are summarized in Table 1-2 for the case of UE is in 3-way SHO. In the tables, 'x' means that the restriction on the error rate is not achievable.


Table 1. Required ACK power offset (3-way handover, BER=10-2)

	
	perfect, N=1
	S=1, N=1
	S=3, N=1
	S=3, N=2
	S=3, N=3

	UE speed =

 3 km/hr
	7dB
	27dB
	11dB
	7dB
	5dB

	UE speed =

30 km/hr
	7dB
	29dB
	12dB
	6dB
	2dB


Table 2. Required NACK power offset (3-way handover, BER=10-4)

	
	perfect, N=1
	S=1, N=1
	S=3, N=1
	S=3, N=2
	S=3, N=3

	UE speed =

 3 km/hr
	-4dB
	x
	-1dB
	-5dB
	-8dB

	UE speed =

30 km/hr
	-3dB
	x
	x
	-6dB
	-9dB


2.2 CQI performances

Figure 5 and 6 show the block error rate performances of CQI transmission at the UE speed of 3km/hr and 30km/hr respectively.

In the SHO case, the CQI block error rate doesn't reach 10-2 and error floor appears for both cases of 3km/hr and 30km/hr if 1-slot estimation is used, which is the same result shown in [2]. But, if 3-slot estimation is used, this error floor disappears and CQI transmission performance improves. When 3-slot estimation and 2-times repetition is used, the required power offset for CQI is about 2dB and 1dB for the cases of 3km/hr and 30km/hr respectively.
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Figure 5. Block error rate of CQI (UE speed = 3km/hr)
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Figure 6. Block error rate of CQI (UE speed = 30km/hr)

Table 3. Required CQI power offset (3-way handover, BLER=10-2)

	
	perfect, N=1
	S=1, N=1
	S=3, N=1
	S=3, N=2
	S=3, N=3

	UE speed =

 3 km/hr
	4dB
	x
	7dB
	4dB
	2dB

	UE speed =

30 km/hr
	4dB
	x
	8dB
	4dB
	1dB


The simulation results are summarized in Table 3 for the case of UE is in 3-way SHO. In the tables, 'x' means that the restriction on the error rate is not achievable.

3. Conclusions

HS-DPCCH performance in SHO situation was investigated by simulation with regard to the channel estimation, repetition and UE speed. The results could be summarized as follows.

( When 1-slot channel estimation is used in SHO situation, the required transmit power for ACK is too large to meet the required performance. As well, the required NACK/CQI performances cannot be fulfilled regardless of transmit power level.

( When longer channel estimation duration such as 3 slots is used in SHO situation, the performances of ACK/NACK/CQI can be significantly improved. However, there still shows an 'error floor' for NACK when UE speed is 30km/hr.

( Under the longer channel estimation duration and a number of repetitions, the required performances for ACK/NACK/CQI can be obtained with the significant reduction of transmit power.

We think that the above aspects would be helpful to investigate the performance and discuss the possible problems of HS-DPCCH, before introducing additional schemes to improve the HS-DPCCH performance.
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