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1. Introduction

This contribution discusses the HSDPA Downlink Signaling functions for 3.84Mcps TDD.  It considers the reliability of the signaling of the HI.  In evaluation of options for the HI, we specifically address an issue, identified by IP Wireless in reference [1], that the HI reliability must be strong.

We have identified several potentially acceptable solutions, and request comments on each of them.  We have tentatively recommended the solution outlined as Option 2:

· The PDCH shall contain a HI

· The HI shall be repeated n times and divided into 2 fields, punctured into the payload. Require that

· Both fields read HI=0 to declare that HI=0.

· Either field reads HI=1 to declare that HI =1

This will result in a very low probability of UE failure to read the HS-SCCH when required to do so, and a reasonably small rate of unnecessarily reading the HS-SCCH.  Furthermore it is very simple to implement.

Two other potentially acceptable options were also identified.

2. Alternatives evaluated

Recalling the analysis of reference [1], it is necessary that the probability of failure to read the HS-SCCH must be very low; e.g. on the order of 10-2 for useful operating conditions.  

There are two basic approaches.

· Physical layer signaling

· In-band processing; e.g. use of the standard data processing chain

Physical layer signaling requires the stealing of resources to support the transmission of the HI bit, and, based on reference [1], may require many bits to provide the needed reliability.  However, processing can be completed fairly quickly, thus reducing the time delay between transmissions of the HI and the HS-SCCH.

In-band processing is attractive because it can be done using existing techniques and will be reliable.  However, it will cost processing time and extend the time between HI transmission and HS-SCCH transmission.

The time interval, in slots, between HI and HS-SCCH is 2 slots using physical layer signaling. For this reason, we have worked extensively to find an acceptable solution, based on the use of physical layer signaling.

2.1. HI physical layer options

The following candidates were considered.

1. Binary modulation on n bits, where n is number of HI bit repetition, stolen from the payload through puncturing.  Demodulation biased to decrease the probability of error/given HI=1, at the expense of increasing the probability of error given HI=0

2. Binary modulation on n bits, where n is number of HI bit repetition, stolen from the payload through puncturing.  Divide the bits into two fields.  Require that 

· Both fields read HI=0 to declare that HI=0.

· Either field reads HI=1 to declare that HI =1

3. Use of the R99/R4 TFCI with a (32,10) Reed-Muller Code.
Limit the number of usable transport format combinations and use the last bit for HI. For example, consider that the associated dedicated channel supports 32 possible transport format combinations, use a (32,10) with 4 padded zeros.

4. Same as 3, but if the decision metric fails to exceed a defined confidence level, then the UE shall also read the HS-SCCH. For example, if the greatest (dB) – second greatest (dB)  < threshold, then the UE shall also read the HS-SCCH.

2.2. Comparison of results

2.2.1. Detailed analysis

Performance of the candidate options has been evaluated under an AWGN channel. 

Option 1 - The decision on HI information was made as follows:
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Where Dopt1 = 
[image: image21.bmp]is the decision variable,  yi  is the i-th received HI bit, K is the total number of HI bits (i.e., repetition factor) in use, and z is the detection threshold. 

In this case, under the assumption of AWGN, the probability of error given HI=”on” (probability of missed detection error) can be expressed as follows:
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               Equation 1
Where 
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 is the Q-function. Eb and N0 are the bit energy of HI information and one-side power spectral density of AWGN, respectively.

Similarly the probability of error given HI=”off” (probability of false detection error) is given by:
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Option 2  - K HI bits used are divided into two HI fields. HI detection at the UE has been done as follows:

Where 
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 are the i-th received HI bit in the first HI field and second HI field, respectively. K1 and K2 represent the repetition factor of HI bits in the first HI field and second HI field, respectively, subject to K=K1+K2. 

In this case, the probability of missed detection error can be determined as follows:
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                             Equation 3
Since AWGN is assumed, the above equation can be rewritten by
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           Equation  4
The probability of false detection error is expressed by
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Figure 1 shows the probability of missed detection error vs. SNR (dB) for two options, where the detection threshold (z) is set to zero. Various repetition factors (2, 4, 6 and 8) of HI bits are considered. For reference, the packet error rate curve for HS-SCCH is shown [1]. 
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Figure 1. Missed detection error rate vs. SNR (dB) for Option 1 (z=0) and Option 2
From Figure 1 it can be seen that for a given repetition factor of HI bits, the Option 2 gains about 2 dB in required SIR to achieve 10 –2 missed detection error rate over the Option 1. In addition, recalling the analysis of reference [1], in order for HI performance to match HI-SCCH performance, Option 2 would require a repetition factor of 6, which is less than repetition factor of 10 reported in [1].
Figure 2 shows the false detection error rate versus SNR for Option 1 and Option 2, where the detection threshold (z) is set to zero. It is observed that for each given repetition factor, the false detection error rate of Option 2 is higher than that of the Option 1.
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Figure 2. False detection error rate vs. SNR (dB) for Option 1 (z=0) and Option 2
Figure 3 shows the missed detection error rate and false detection error rate versus SNR for Option 1 and Option 2, where a repetition factor of 6 is used. As seen, the missed detection error rate and false detection error rate for Option 1 depends on detection thresholds.
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Figure 3. Missed/false detection error rate vs. SNR (dB) for Option 1 and Option 2 when a repetition factor of 6 is used

Figure 4 shows the probability of incorrect TFCI decoding and the HI bit (missed/false) error rate vs. SIR (dB), using the R99/R4 TFCI with a (32, 6) Reed-Muller code (Option 3). 
Figure 5 shows performance when the Reed-Muller decoder is used, but the HI decision is biased.  This figure shows the probability of failure to correctly detect when HI is set and probability of incorrectly declaring HI when it is not set.  
[image: image15.wmf]-6

-5

-4

-3

-2

-1

0

1

2

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

Error rate

TFCI word error rate

Missed detection error rate

False detection error rate


Figure 4. TFCI word error rate, Undetected HI bit and false declaration of HI vs. SNR (dB) using Option 3
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Figure 5. Undetected HI bit and false declaration of HI vs. SNR (dB) using Option 4
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Summary of analysis results

Results are summarized in Table 1 as follows: 

Table 1. Comparative performance at SNR =-2 dB

	Option
	Probability of failure to detect when HI=1
	False detection of HI=1 when HI=0

	Option 1, unbiased 6bits
	 2.6*10-2
	2.6*10-2

	Option 1, biased 6bits
	3.4*10-3
	1.2*10-1

	Option 2 6 bits split 
	7.2*10-3
	1.8*10-1

	Option 3 (32,6)RM
	1.2*10-2
	1.2*10-2

	Option 4 (32,6)RM

Read HS-SCCH when

G-SG<th
	2.5*10-3
	7.1*10-2


2.2.3. Other considerations

This section briefly highlights additional considerations.

Table 2. Summary of Non-performance issues
	
	Complexity and other issues
	Processing time

	Option 1

With threshold
	Medium Complexity

(Threshold setting+detection)
	 2 timeslots 

	Option 2
	Low Complexity

(detection only)
	2 timeslots

	Option 4
	Medium complexity

Backwards Compatibility Issues to be investigated

Avoids the need to puncture the data.
	2 timeslots


2.3. Conclusion

Some form of biasing is necessary.  Only options 1,2, and 4 are potential candidates

· Option 2, though slightly poorer in performance than the others is very simple to implement.

· Option 4 appears to offer the best performance, but the impact on backwards compatibility needs to be reviewed.

· Option 3 has no backwards compatibility problem and requires a small amount of additional complexity

2.4. Reference:
1. R1-02-0069, IPWireless, “HI Coding for 3.84 Mcps TDD”, Espoo, Finland, January 2002.

If Dopt1  ( z, then 	HI=”on” is declared


else 	 		HI=”off” is declared





If � EMBED Equation.3  ��� and � EMBED Equation.3  ���, then HI=”off” is declared


else (i.e., if either � EMBED Equation.3  ��� or � EMBED Equation.3  ���  is greater than or equal to zero) HI=”on” is declared
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