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Introduction

We analyze the performance of various coding schemes which could be considered for the HS-SCCCH. We also investigate possible simplification beyond the structure assumed so far.

Baseline proposal

This section describes control channel coding and performance based on the baseline HSDPA structure.

HS-ICH

This sub-channel is based on OO-QPSK modulation and should carry 2 (indirect pointer per UE) or 3 (direct pointer) information bits. Block coding is the only sensible solution given the small number of bits. In case of SF=512 DPCH the maximum payload available is 2 QPSK symbols or 4 channel bits punctured in the DPDCH channel every 3 slots.

As proposed in R1-01-1153 the system does not have to transmit he HS-ICH when the UE is assigned only one HS-SCCH to monitor. The UE then continuously receives and decodes the assigned HS-SCCH.

Figure 1 shows the HS-ICH performance (short term FER) assuming 2 information bits, 1 repetition and 1 parity bit. The curve assumes continuous decoding of the HS-ICH, that is the on/off transmission is not considered in the receiver. Inclusion of the on/off detection would slightly  increase the error rate and decrease the probability of false alarm.

[image: image1.wmf]
Figure 1 - HS-ICH performance

HS-SCCH – Part A

The channel shall convey at the very least the code tree information corresponding to the associated packet transmission. This represents 6-7 information bits. 

This sub-channel is based on QPSK modulation, transmitted during one slot every TTI and uses spreading factor 128 (due the constraint associated with transmission of  part II). This leads to 20 QPSK symbols or 40 channel bits. In this analysis we have now assumed 8 information bits and consider full convolutional encoding (simulations showed that this performs better than block codes or tail biting codes).

	Parameter
	Design I

	Coding
	Convolutional

(K=9)

	Rate
	1/3

	Information bits
	8

	Parity bits
	-

	CRC
	-

	Tail bits
	8

	Puncturing
	Yes

	TTI
	1 slot

(0.6666… ms)

	Payload
	40 bits

	Modulation
	QPSK

	SF
	128


Figure 2 presents the short term FER performance of part A for design I:

[image: image2.wmf]
Figure 2 - HS-SCCH Part A – R=1/3 CC

HS-SCCH – Part B

We have assumed that this block would include 17 information bits as follows (worst case):

	TrCH ID
	4 bits

	Format
	7 bits

	IR version
	2 bits

	ARQ process #
	3 bits

	New data indicator
	1 bit

	UE specific CRC
	16 bits

	Total
	33 bits


This sub-channel is based on QPSK modulation, transmitted during two slots every TTI and uses spreading factor 128 in order to allow for appropriate coding of the information bits. This leads to 40 QPSK symbols or 80 channel bits per block. Based on the worst case number of bits a R=1/2 convolutional code seems the most appropriate. However if the number of bits were to be reduced below 40 a R=1/3 code would be preferable.

	Parameter
	Design I

	Coding
	Convolutional (K=9)

	Rate
	½

	Information bits
	17

	Parity bits
	-

	CRC
	16

	Tail bits
	8

	Puncturing
	Yes

	TTI
	2 slot    (1.3333… ms)

	Payload
	80 bits

	Modulation
	QPSK

	SF
	128


Figure 3 shows the short term FER performance of part B for design I:

[image: image3.wmf]
Figure 3 - HS-SCCH, Part B, R=1/2 CC

Performance

Error & Alarms

We assume the following notation:
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When a transmission is intended to a particular UE, the probabilities of miss and false alarms in the presence of a pointer channel can be written as:


[image: image5.wmf](

)

check

  

CRC

  

during

error  

  

undetected

an  

  

of

y  

Probabilit

wherein

)}

1

(

)

1

(

)

1

{(

1

)

1

(

)

1

(

)

1

(

1

,

1

3

2

1

,

1

3

2

1

=

×

+

-

×

-

×

-

-

=

+

=

×

=

-

×

-

×

-

-

=

CRC

B

CRC

M

FA

error

B

CRC

FA

M

P

P

p

p

p

p

P

P

P

P

p

P

p

p

p

P


When a transmission is not intended to a particular UE, the probability of false alarm becomes in the worst case (assuming the UE is not performing on off detection on the HS-ICH):
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Power requirement

We assume that the overall target error-rate is 1% and a false-alarm rate is less than 1e-4. 

The 16 bit CRC on part B of the HS-SCCH ensures that the false alarm rate is below the target at 1.5e-5.

Applying the formula derived earlier for the probability of error, neglecting the term resulting from false alarm and assuming the same probability of error on each channel we find that the target error rate for each block is:
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Based on Eb/Nt curves produced earlier we find:



[image: image8.wmf]dB

  

4

.

21

)

128

41

80

(

log

10

5

.

2

  

B

Block  

dB

  

2

.

24

)

128

16

40

(

log

10

85

.

0

A  

Block  

dB

  

1

.

24

)

512

2

4

(

log

10

6

Pointer  

10

10

10

-

=

×

×

-

=

-

=

×

×

-

=

-

=

×

×

-

=

t

c

t

c

t

c

N

E

N

E

N

E


This leads to the following energy per event requirement: 
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Structure without HS-ICH

In this section we consider a DL control structure which does not include the HS-ICH and consider the performance of the modified coding approach for part A.

Removing the HS-ICH implies that part A of the control channel should include the UE identity in the first transmission. Assuming a 10 bits MAC ID and noting that a UE specific CRC has better properties than the basic MAC ID transmission we suggest transmitting a 12 bit UE specific CRC in the part A and an 8 bits CRC in the part B.

HS-SCCH – Part A

With the addition of a 12 bit CRC we now consider a R=1/2 convolutional coding scheme for part A of the HS-SCCH. 

	Parameter
	Design II

	Coding
	Convolutional (K=9)

	Rate
	½

	Information bits
	8

	Parity bits
	-

	CRC
	12

	Tail bits
	8

	Puncturing
	Yes

	TTI
	1 slot

(0.6666… ms)

	Payload
	40 bits

	Modulation
	QPSK

	SF
	128


Figure 4 shows the performance of part A for design II:

[image: image10.wmf]
Figure 4
HS-SCCH – Part B

Number of information bits on part B can be reduced by 8 bits and therefore the power requirement for part B can be reduced by about 1 dB.

	Parameter
	Design II

	Coding
	Convolutional (K=9)

	Rate
	1/3

	Information bits
	17

	Parity bits
	-

	CRC
	8

	Tail bits
	8

	Puncturing
	Yes

	TTI
	2 slot    (1.3333… ms)

	Payload
	80 bits

	Modulation
	QPSK

	SF
	128


Figure 5 shows the short term FER performance of part B for design II:

[image: image11.wmf]
Figure 5 - HS-SCCH, Part B, R=1/3 CC

Performance

Error & Alarms

Assuming a sequential decoding of the control channels and assuming that the target control channel is in 4th position, we get the worst case probability of error on the part A of HS-SCCH:
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Assuming again a sequential decoding, the worst case of false alarm is as follows with 4 control channels:
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Power requirement

The 12 bit CRC on part A and 16 bit CRC on part B of the HS-SCCH ensures that the false alarm rate is below the target at 1.5e-8. One could therefore reduce the CRC on part B to 12 bits as this still meet the target at 2.4e-7 or even to 8 bits (leading to 3.8e-6 FA)  and allow for some power reduction and more efficient coding (R=1/3) on part B.

Applying the formula derived earlier for the probability of error, including the term resulting from false alarm, we find that the target error rate for part A and part B are:
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Based on Eb/Nt curves produced earlier we find:
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This leads to the following energy per event requirement: 
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Complexity

UE

The modified approach requires all terminal to decode the maximum number of control channels to be supported (currently 4). We believe that this represents a very marginal increase in the UE complexity. On the other hand this approach allows not to implement and test the HS-ICH receiver in the UE.

Network

The modified approach allows not to implement any change to the R99 DPCH structure on the network side and allows to minimize the number of HSDPA related channels to implement, manage and test.

Discussion

We have described coding schemes for the HSDPA DL control channels and shown their basic performance both in terms of power requirement for a given probability of error and in terms of false alarm rate.

We have described an alternative structure for the part A which would allow the removal of the HS-ICH. We have shown that the performance of this structure is equivalent (slightly better) to the baseline structure.

On the basis that the changes to R99 channels and addition of new channels should be minimized we believe that the HSDPA control structure should not include the HS-ICH.

Conclusion & Proposal

We recommend the following coding and CRC addition to the DL control channels:

HS-SCPCH

· SF=128 physical channel

Part A:

· Inclusion of 12 bit UE specific CRC

· R=1/2 convolutional coding

Part A:

· Inclusion of  8 bit CRC

· R=1/3 convolutional coding

Further more we suggest that the HS-ICH is not included in the HSDPA channel structure as it is not necessary and does not improve the system performance nor reduces the system complexity.
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