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1 Introduction
The improved HS-SICH coding structure for 1.28 Mcps TDD was firstly proposed and has been analyzed and discussed in [1][2][3] in order to balance the operating power level between component fields since last Paris meeting. Some concerns about the further simulation results in the 3GPP standard fading channel and 3-state decision performance considering nothing at all (DTX) transmission in ACK/NACK part have been raised for this proposed scheme. In this contribution, we further analysed the proposed structure and then re-propose the new coding structure, which reflects all the concerns that have been raised so far. Based on the further simulation results and analysis, we show that improved coding structure attains the nearly optimal power balancing to guarantee the error requirement of all the component fileds and also at the same time achieves additional reduction of uplink transmission power.
2 Analysis and comparison of simulation results.

2.1 Error requirements for ACK/NACK/DTX transmission

The error requirements analysis for ACK/NACK transmission with DTX constraints in HSDPA Hyrbrid ARQ protocol are given in [5] and this approach can be applied to TDD.

In order to decide the required power level for ACK and threshold for ACK, following constraints can be used. 
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2. P(DTX/ACK) 
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Similarily, in order to decide the required power for NACK and corresponding threshold, 

3. P(ACK/NACK) 
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4. P(NACK/DTX) 
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Fig. 1 shows the decision mechanism of required ACK or NACK power level to consider the including of DTX transmission in this contribution, this approach is also already mentioned in section 4 in [5]. From the analysis of Fig. 1, required ACK transmission power is larger than that of NACK in most cases because of the unnecessary constraint of P(DTX/NACK). Since it is expected that most of UE’s transmission will be ACK’s [6], it is assumed that the required ACK power is used for the the reference power level for ACK/NACK transmission of HS-SICH burst. This assumption will induce a marginal performance requirement for ACK/NACK power, which can give a guidance for power offset value if an addition of reduction of power level is needed. 
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 Figure 1: The decision mechanism of required power level and threshold for ACK/NACK transmission

From [5], it is possible to apply the different power offset for ACK and NACK and other CQI field transmission in FDD case.
However, since the power offset value of HS-SICH for TDD is applied to the whole HS-SICH burst unlike FDD case, the power balancing issue between ACK/NACK and CQI field in HS-SICH struture should be aligned before applying same power offset to whole burst in order to minimize  the transmission power for different power offset cases and also to guarantee the error requirements for all component fields.

2.2 Current HS-SICH Structure for 1.28Mcps TDD in [3]
The current HS-SICH coding structure in [3] is described in Figure 1.
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Figure 1: Coding and Multiplexing Scheme for the HS-SICH for 1.28 Mcps TDD
Figure 2 shows the BLER performance of current HS-SICH coding for 1.28Mcps TDD.  Simulation was done under the 3GPP standard case 1 channel, and detailed simulation assumptions are described in Annex.

As we addressed in [1][2][3] earlier, the need for re-arranging the HS-SICH coding structure is already verified in different simulation enviroment, which are AWGN, Jakes Fading channel with high speed and 3GPP standard case 1 fading channel. 
If we apply the typical requirement for BLER is around 
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 for TBSS and MF field and also apply the requirement for BLER is around 
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 for ACK/NACK transmission, it is obvious that the required transmitted power level satisfying all the requirement for every field is around 18.87 dB. in Figure 2.
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Figure 2: Performance of HS-SICH coding for 1.28 Mcps TDD described in [3]
However, this power level does not well aligned between TBSS and MF in view of optimizing the transmission power of HS-SICH burst because MF and TBSS shows the over-protected field coding performance. This unbalanced power level would result in the some amount of waste of uplink transmission power in every HS-SICH transmission and also induce the increase the level of unnecessary uplink transmission interference. Hence, the re-arrangement of coding structure for each field is needed to optimize the uplink transmission power level.
2.3 Proposed HS-SICH coding scheme for 1.28 Mcps TDD
In this section, new HS-SICH coding schemes for 1.28 Mcps TDD and is re-proposed in Fig. 3 to resolve the power balancing problem as we mentioned in section 2.2..
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Figure 3: Proposed HS-SICH coding scheme for 1.28Mcps TDD
The detail structure of the (16,7) code is also shown in Figure 4.
2.3.1 Encoder Structure

In this section, we describe the encoder structure of proposed (16,7) code. The proposed (16,7) coding scheme is the sub-code of the second order Reed-Muller code which was already used for TFCI coding, but the only code size is different. In figure 4, the encoder structure is illustrated.
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Figure 4: Encoder structure of the (16,7) Code.

In this proposed scheme, (16,5) Bi-orthogonal coding scheme was reused. That is, proposed coding scheme can be generated by adding the 2 mask basis into the (16,5) bi-orthogonal code. The list of basis vector is shown in the Table 1.

	Index
	M1
	M2
	M3
	M4
	M5
	M6
	M7

	0
	0
	0
	0
	0
	1
	0
	0

	1
	1
	0
	0
	0
	1
	1
	1

	2
	0
	1
	0
	0
	1
	1
	1

	3
	1
	1
	0
	0
	1
	1
	0

	4
	0
	0
	1
	0
	1
	1
	0

	5
	1
	0
	1
	0
	1
	1
	0

	6
	0
	1
	1
	0
	1
	1
	1

	7
	1
	1
	1
	0
	1
	0
	1

	8
	0
	0
	0
	1
	1
	0
	1

	9
	1
	0
	0
	1
	1
	0
	1

	10
	0
	1
	0
	1
	1
	1
	1

	11
	1
	1
	0
	1
	1
	0
	1

	12
	0
	0
	1
	1
	1
	1
	0

	13
	1
	0
	1
	1
	1
	0
	1

	14
	0
	1
	1
	1
	1
	1
	0

	15
	1
	1
	1
	1
	1
	1
	1


Table 1 Basis vector for (16,7) code

In Table 1, basis elements M1~M5 are the same basis of the (16,5) Bi-orthogonal code. This means that the proposed coding scheme reuse of the current coding scheme. Moreover, the operation of the proposed coding scheme is exactly same fashion as the (32,10) and (48,10) coding scheme which is used for TFCI coding scheme. Therefore, the proposed coding scheme has no impact on the current specification, except the need of an additional memory for the storage of new mask basis, M6 and M7. 

Regarding the performance issue, the proposed coding scheme has optimal code in terms of the minimum distance. As (16,7) code, the optimal bound of the minimum distance is 6, and the proposed coding scheme has minimum distance 6. Therefore, the proposed coding scheme has the optimal minimum distance and attains the best performance in a given code rate.

2.3.2 Decoder Structure

In this section, we investigate the decoder structure for the proposed (16,7) coding scheme. From Fig. 5, the decoder of the proposed scheme is exactly same type of operation as that of (32,10) and (48,10) TFCI coding scheme. Therefore, the proposed coding scheme has no H/W impact in Node B side except the need of additional memory for the storage of new mask basis, M6 and M7.
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Figure 5: Decoder structure of the (16,7) Code.
2.3.3 Simulation Results and Analysis

In order to prove the enhancement over current structure, the BLER performance for the proposed coding was shown in Figure 3. The 3GPP standard case 1 channel is assumed  and also employed the 3-level state decision (ACK/NACK/DTX) receiver including the DTX transmission for ACK/NACK part. The detailed decoding procedure for 3-level decision is derived from the analysis of section 2.1. In Fig.6, it is observed that the required transmission power level can be decided at near 16.69 dB in order to satisfy all the required BLER performance. Hence, this would result in around 2.18 dB less than current one (near 18.87 dB), it means that the saving of 2.18 dB transmission power can be achieved by utilizing the proposed coding structure and also perfect power balancing between all the component fields of HS-SICH can also be attained.

Figure 6: Performance of the proposed HS-SICH coding for 1.28 Mcps TDD
3 Conclusion
In this contribution, we have shown that the current HS-SICH coding method for TDD in [3] has some drawbacks in the view of optimizing the required transmission power to meet the error requirement for each field.

We re-propose the further optimized HS-SICH coding structure to reduce the required transmission power as much as possible. Simulation results in the 3GPP case 1 channel with joint detection receiver show that the nearly 2.18 dB reduction of transmission power can be achieved with no increase of hardware complexity. Hence, we finally propose this improved coding structures for HS-SICH to be adopted for 1.28 Mcps TDD.
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6 Annex
Simulation assumption

	Parameters
	Explanations/Assumptions

	Chip Rate
	1.28Mcps

	Duration of TDMA subframe
	5 ms

	Number of time slots per subframe
	7

	Closed loop power control
	OFF

	SIR estimation
	Ideal on demodulated soft bits

	AGC
	Off

	Number of samples per chip
	1 sample per chip

	Propagation Conditions
	Case 1

	Numerical precision
	Floating point simulations

	BLER calculation
	BLER will be calculated by comparing with transmitted and received bits.

	DCCH model
	Random symbols transmitted, not evaluated in the receiver

	TPC model
	Random symbols transmitted, not evaluated in the receiver

	SS model
	Random symbols transmitted, not evaluated in the receiver

	Cell parameter
	0

	# of other-users
	4

	Receiver antenna diversity
	OFF

	Midamble
	UE Specific, as specified in TS 25.221 V4.1.0 (2001-06)

	Receiver
	Joint Detector (ZF-BLE)

	Channel Estimation
	Ideal multi-path delay estimation.

Joint channel estimator according to article from Steiner and Baier in Freq., vol. 47, 1993, pp.292-298 based on correlation to obtain the complex amplitudes for the path.
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