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1 Executive Summary

Simulations of HS-SICH performance for 3.84Mcps TDD indicate that due to a misalignment of the reliabilities of ACK/NACK, CQI, and TPC fields with the performance of the burst type 1 midamble, there is a penalty of 4.5dB and 3.3dB for AWGN and pedestrian A environments respectively in terms of required transmit power.  The HS-SICH payload is currently greatly under-utilised for 3.84Mcps TDD (much padding exists) and it is proposed that this spare capacity is used to better protect the information fields carried by HS-SICH.

Simulations indicate that the aforementioned transmission power penalties may be avoided for HS-SICH using repetition encoding at the output of the (32,10) RTBS/RMF encoder and an extension of the repetition encoding applied to TPC.

2 Introduction

The information rate carried by HS-SICH for TDD is very low.  Especially for HCR TDD, the number of information bits carried for CQI and ACK/NACK (total 11 bits) is only a fraction of the available payload capacity of one burst at maximum spreading factor SF16 (242 bits).  As such, correct detection of the HS-SICH information is limited not by the amount of redundancy that may be applied to the data, but by the processing gain available from the midamble for channel estimation purposes.

However, simulations indicate that for the current encoding applied to HS-SICH information fields, it is the coding that is the limiting factor, not the midamble.  Performance gains are therefore available at little or no cost since the payload resource currently occupied by padding may be used to improve the reliability of the information fields.

3 Current HS-SICH Coding

The following information fields are carried by HS-SICH:-

· Recommended Transport Block Size (RTBS) [9 bits]

· Recommended Modulation Format (RMF) [1 bit]

· Ack/Nack [1 bit]

These fields are encoded as per Figure 1 below:
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Figure 1 – Current HS-SICH Coding Structure

[Note: the (32,10) block code is the same as that used for encoding of long TFCI words].

4 Simulation Assumptions

4.1 General

The structure of Figure 1 was simulated using an MMSE receiver for the Node-B and for a single user in thermal noise.  Receiver diversity with 2 antennas was assumed.  AWGN and ITU Indoor to Outdoor and Pedestrian A channel types were studied.

4.2 RTBS / RMF Decoding

Reed Muller decoding of the 32 bit codeword was performed.  Error statistics were logged separately for the RMF bit and for the 9-bit RTBS word.

4.3 ACK / NACK Decoding

A two-stage ACK/NACK receiver was simulated.  Here, the first stage estimates whether or not a transmission was made (DTX or TX decision) whilst the second stage estimates whether the field contained an ACK or a NACK.  The second stage is not run if the first stage detects DTX and a NACK is assumed in this instance.

Both stages utilise simple thresholding procedures in order to make the decisions.

The DTX / TX decision of the first stage is based upon detected midamble power and comparison with a threshold T1.

The second stage uses a single threshold T2 to distinguish ACK from NACK.

T2 is set to ensure where possible that P(ACK|NACK) < 10-4 and P(NACK|ACK) < 10-2.  In situations where it is not possible to simultaneously meet both of these criteria, the threshold is set in an attempt to maintain P(ACK|NACK) < 10-4 (however, the simple algorithm is not perfect and this may not be achieved especially at low SNR).  The probabilities P(ACK|DTX) and P(NACK|DTX) are not considered when setting T2.

T1 is set to ensure that in conjunction with the reliability of the decision made in the second stage, an overall probability P(ACK|DTX)<10-2 is achieved.  Thus, under an assumed probability P(DTX)<10-2 this results in a probability of approximately 2x10-4 for detection of ACK when ACK was not transmitted: ie: P(ACK|DTX) + P(ACK|NACK).

Given the amount of spare resource available on HS-SICH we can assume that we are always able to provide enough redundancy to the ACK/NACK field to fulfil the reliability requirements, and it is therefore further assumed that operation at a minimum power level set by the performance of the midamble is achievable.  As such, equal transmission power for HS-SICH carrying ACK and HS-SICH carrying NACK is assumed.

5 Simulation Results (Current HS-SICH Coding)
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Figure 2 – Single HS-SICH Performance, AWGN
Coding as per 25.222 v5.3.0
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Figure 3 – Single HS-SICH Performance, ITU Indoor-Outdoor Ped-A
Coding as per 25.222 v5.3.0

6 Discussion

6.1 Results Analysis

If a transmission that actually occurred is detected as DTX at the Node-B, then a NACK must be assumed by the Node-B in order to avoid any subsequent recovery of this error by higher layers in the event that a NACK was actually transmitted.

Although not explicitly stated by RAN2, it is assumed that a reasonable probability target for P(DTX|Tx) is 10-2.

It is further assumed that reasonable expected probabilities of error for the following fields apply:

· RTBS word, 10-2
· RMF bit, 10-2
· TPC command, 2x10-2
Applying these requirements to Figure 2 and to Figure 3 it can be seen that the performance requirements of the respective fields are met at the following HS-SICH SNR per antenna:-

· AWGN:

· RTBS word err : -13.1dB

· RMF bit err : -13.6dB

· Tx->DTX : -15.8dB

· ACK->NACK : -16.8dB

· NACK->ACK : ~= -15dB (subject to simulation accuracy)

· TPC : -11.3dB

Using the receiver architecture described in 4 it is the processing gain available from the midamble that determines P(DTX|Tx), and this processing gain cannot be changed without large modifications to the layer 1 specifications.  We would therefore wish to ensure that the coding of the HS-SICH fields is sufficient to provide the required performances close to this minimum SNR operating point (as set by the midamble) and P(DTX|Tx).  For AWGN, this corresponds to –15.8dB.  As can be seen, there are considerable shortfalls for RTBS, RMF and TPC using the current coding architecture and hence a loss of UL capacity.  The shortfalls are 2.7dB, 2.2dB and 4.5dB for RTBS, RMF and TPC respectively.  Thus it is noted that overall the shortfall is 4.5dB for AWGN.

A similar analysis of Figure 3 reveals that the performance requirements of the respective HS-SICH fields are met at the following SNR per antenna:-

· ITU Indoor to Outdoor and Pedestrian A:

· RTBS word err : -6.6dB

· RMF bit err : -7.6dB

· Tx->DTX : -9.9dB

· ACK->NACK : -13.5dB

· NACK->ACK : ~= -10dB (subject to simulation accuracy)

· TPC : -6.6dB

The shortfalls for the pedestrian A channel are therefore 3.3dB, 2.3dB and 3.3dB for RTBS, RMF and TPC fields respectively when compared to the SNR at which P(DTX|Tx) = 10-2, (-9.9dB).

Overall therefore the shortfall is 3.3dB.

Note that in all cases, the shortfall exists due to a lack of redundancy for RTBS, RMF and TPC.  The current ACK/NACK repetition encoding of 36 bits is sufficient and in-line with the performance offered by the midamble and ACK/NACK fields.

6.2 Solutions

The easiest and most obvious method of improving the performances of the RTBS, RMF and TPC HS-SICH fields is via a further stage of repetition encoding of the current encoded fields.  Other more complicated methods of improving the coding may be more efficient although given that there are so many available channel bits on HS-SICH that are currently unused, such techniques seem unwarranted especially in light of probable complexity increases.

If simple repetition encoding is used then we are also able to retain the decoding structures already in place for HS-SICH and we continue to reuse the R99/4 TFCI encoder for CQI purposes.

It is therefore proposed to provide a stage of repetition encoding at the output of the combined RTBS and RMF field encoder.  The decoding complexity of this solution is minimal.

The problems with TPC reliability for HS-SICH are also noted and solutions to this problem must also be given consideration.  It would appear that the HS-SICH data rate is simply too low for TPC to work correctly using the release 99/4 2-bit repetition encoding.  Such low data rates were not considered during R99 standardisation.

As such it is additionally proposed to increase the repetition applied to TPC such that an appropriate reliability of the TPC command is achieved and correct operation of HS-SCCH power control can be realised.

This could be accomplished either via the inclusion of a “TPC repetition” field within HS-SICH itself, keeping the existing burst formats of 25.221, or via the addition of a new burst format to 25.221.  The latter is the preferred solution from an architectural standpoint.

7 Simulation Results (adjusted coding)

It has been found that a (3,1) repetition code at the output of the (32,10) RTBS/RMF encoder is capable of recovering most of the shortfall in CQI reliability and that a total repetition code rate of approximately 1/8th is required for the 1-bit TPC command.  Simulation results for the coding scheme presented in Figure 4 below are given in Figure 5 and Figure 6.


[image: image4.wmf] 

RTBS

 

(9 bits)

 

RMF

 

(1 bit)

 

Concatenation

 

(32,10) block 

code

 

(36,1) repetition 

code

 

ACK/NACK

 

(1 bit)

 

Padding

 

(104 bits)

 

HS

-

SICH Payload (236 bits)

 

(10 bits)

 

(32 bits)

 

(36 bits)

 

(3,1) repetition 

code

 

(96 bits)

 

TPC (1 b

it)

 

TPCfield

 

(8,1) repetition 

code

 

(8 bits)

 


Figure 4 - Simulated Modified HS-SICH Coding Structure
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Figure 5 - Single HS-SICH Performance, AWGN,
N_CQI_rep=3, N_TPC_rep=8
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Figure 6 - Single HS-SICH Performance, ITU Indoor-Outdoor Ped-A
N_CQI_rep=3, N_TPC_rep=8

8 Conclusions

It has been determined via simulation that the current reliabilities of the RTBS, RMF and TPC fields on HS-SICH result in a transmit power penalty of 4.5dB (AWGN) and 3.3dB (Pedestrian-A) when compared to the required transmit power for an appropriate probability P(DTX|Tx)=10-2 if based upon the HS-SICH midamble.

Simulations indicate that most of this shortfall can be recovered using a simple (3,1) repetition code at the RTBS/RMF combined encoder output, and an (8,1) repetition code for the TPC command, although these are not prescriptive.

The current ACK/NACK repetition encoding (36,1) is sufficient and is aligned with the performance offered by the burst type 1 midamble.

Even with this additional repetition encoding the HS-SICH payload remains greatly under-utilised (104 spare bits) and further repetition encoding could be used to improve the reliabilities of any or all HS-SICH fields beyond the requirements set out in section 4.  However, this may not allow for any further reduction in the transmitted HS-SICH power if a reasonable target probability P(DTX|Tx)=10-2 is targeted and if detection of DTX is based upon the midamble.
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5.2.2.5
Transmission of TPC

All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data symbols in the burst, the data in the TPC field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in a traffic burst.

For every user the TPC information shall be transmitted at least once per transmitted frame. If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelisation codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the physical channel corresponding to physical channel sequence number p=1. Physical channel sequence numbering is determined by the rate matching function and is described in [7].
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Figure 11: Position of TPC information in the traffic burst

The length of the TPC field is NTPC bits. The TPC field is formed via repetition encoding a single bit bTPC, NTPC times.

The relationship between bTPC and the TPC command is shown in table 4a.

Table 4a: TPC bit pattern

	bTPC
	TPC command
	Meaning

	0
	'Down'
	Decrease Tx Power

	1
	'Up'
	Increase Tx Power


5.2.2.6.2
Uplink timeslot formats

The uplink timeslot format depends on the spreading factor, midamble length, guard period length and on the number of the TFCI code word bits. Due to TPC, different amount of bits are mapped to the two data fields. The timeslot formats are depicted in the table 5b.

Table 5b: Timeslot formats for the Uplink

	Slot Format

#
	Spreading Factor
	Midamble length (chips)
	Guard Period (chips)
	NTFCI code word (bits)
	NTPC (bits)
	Bits/slot
	NData/Slot (bits)
	Ndata/data field(1) (bits)
	Ndata/data field(2) (bits)

	0
	16
	512
	96
	0
	0
	244
	244
	122
	122

	1
	16
	512
	96
	0
	2
	244
	242
	122
	120

	2
	16
	512
	96
	4
	2
	244
	238
	120
	118

	3
	16
	512
	96
	8
	2
	244
	234
	118
	116

	4
	16
	512
	96
	16
	2
	244
	226
	114
	112

	5
	16
	512
	96
	32
	2
	244
	210
	106
	104

	6
	16
	256
	96
	0
	0
	276
	276
	138
	138

	7
	16
	256
	96
	0
	2
	276
	274
	138
	136

	8
	16
	256
	96
	4
	2
	276
	270
	136
	134

	9
	16
	256
	96
	8
	2
	276
	266
	134
	132

	10
	16
	256
	96
	16
	2
	276
	258
	130
	128

	11
	16
	256
	96
	32
	2
	276
	242
	122
	120

	12
	8
	512
	96
	0
	0
	488
	488
	244
	244

	13
	8
	512
	96
	0
	2
	486
	484
	244
	240

	14
	8
	512
	96
	4
	2
	482
	476
	240
	236

	15
	8
	512
	96
	8
	2
	478
	468
	236
	232

	16
	8
	512
	96
	16
	2
	470
	452
	228
	224

	17
	8
	512
	96
	32
	2
	454
	420
	212
	208

	18
	8
	256
	96
	0
	0
	552
	552
	276
	276

	19
	8
	256
	96
	0
	2
	550
	548
	276
	272

	20
	8
	256
	96
	4
	2
	546
	540
	272
	268

	21
	8
	256
	96
	8
	2
	542
	532
	268
	264

	22
	8
	256
	96
	16
	2
	534
	516
	260
	256

	23
	8
	256
	96
	32
	2
	518
	484
	244
	240

	24
	4
	512
	96
	0
	0
	976
	976
	488
	488

	25
	4
	512
	96
	0
	2
	970
	968
	488
	480

	26
	4
	512
	96
	4
	2
	958
	952
	480
	472

	27
	4
	512
	96
	8
	2
	946
	936
	472
	464

	28
	4
	512
	96
	16
	2
	922
	904
	456
	448

	29
	4
	512
	96
	32
	2
	874
	840
	424
	416

	30
	4
	256
	96
	0
	0
	1104
	1104
	552
	552

	31
	4
	256
	96
	0
	2
	1098
	1096
	552
	544

	32
	4
	256
	96
	4
	2
	1086
	1080
	544
	536

	33
	4
	256
	96
	8
	2
	1074
	1064
	536
	528

	34
	4
	256
	96
	16
	2
	1050
	1032
	520
	512

	35
	4
	256
	96
	32
	2
	1002
	968
	488
	480

	36
	2
	512
	96
	0
	0
	1952
	1952
	976
	976

	37
	2
	512
	96
	0
	2
	1938
	1936
	976
	960

	38
	2
	512
	96
	4
	2
	1910
	1904
	960
	944

	39
	2
	512
	96
	8
	2
	1882
	1872
	944
	928

	40
	2
	512
	96
	16
	2
	1826
	1808
	912
	896

	41
	2
	512
	96
	32
	2
	1714
	1680
	848
	832

	42
	2
	256
	96
	0
	0
	2208
	2208
	1104
	1104

	43
	2
	256
	96
	0
	2
	2194
	2192
	1104
	1088

	44
	2
	256
	96
	4
	2
	2166
	2160
	1088
	1072

	45
	2
	256
	96
	8
	2
	2138
	2128
	1072
	1056

	46
	2
	256
	96
	16
	2
	2082
	2064
	1040
	1024

	47
	2
	256
	96
	32
	2
	1970
	1936
	976
	960

	48
	1
	512
	96
	0
	0
	3904
	3904
	1952
	1952

	49
	1
	512
	96
	0
	2
	3874
	3872
	1952
	1920

	50
	1
	512
	96
	4
	2
	3814
	3808
	1920
	1888

	51
	1
	512
	96
	8
	2
	3754
	3744
	1888
	1856

	52
	1
	512
	96
	16
	2
	3634
	3616
	1824
	1792

	53
	1
	512
	96
	32
	2
	3394
	3360
	1696
	1664

	54
	1
	256
	96
	0
	0
	4416
	4416
	2208
	2208

	55
	1
	256
	96
	0
	2
	4386
	4384
	2208
	2176

	56
	1
	256
	96
	4
	2
	4326
	4320
	2176
	2144

	57
	1
	256
	96
	8
	2
	4266
	4256
	2144
	2112

	58
	1
	256
	96
	16
	2
	4146
	4128
	2080
	2048

	59
	1
	256
	96
	32
	2
	3906
	3872
	1952
	1920

	60
	16
	512
	192
	0
	0
	232
	232
	122
	110

	61
	16
	512
	192
	0
	2
	232
	230
	122
	108

	62
	16
	512
	192
	4
	2
	232
	226
	120
	106

	63
	16
	512
	192
	8
	2
	232
	222
	118
	104

	64
	16
	512
	192
	16
	2
	232
	214
	114
	100

	65
	16
	512
	192
	32
	2
	232
	198
	106
	92

	66
	8
	512
	192
	0
	0
	464
	464
	244
	220

	67
	8
	512
	192
	0
	2
	462
	460
	244
	216

	68
	8
	512
	192
	4
	2
	458
	452
	240
	212

	69
	8
	512
	192
	8
	2
	454
	444
	236
	208

	70
	8
	512
	192
	16
	2
	446
	428
	228
	200

	71
	8
	512
	192
	32
	2
	430
	396
	212
	184

	72
	4
	512
	192
	0
	0
	928
	928
	488
	440

	73
	4
	512
	192
	0
	2
	922
	920
	488
	432

	74
	4
	512
	192
	4
	2
	910
	904
	480
	424

	75
	4
	512
	192
	8
	2
	898
	888
	472
	416

	76
	4
	512
	192
	16
	2
	874
	856
	456
	400

	77
	4
	512
	192
	32
	2
	826
	792
	424
	368

	78
	2
	512
	192
	0
	0
	1856
	1856
	976
	880

	79
	2
	512
	192
	0
	2
	1842
	1840
	976
	864

	80
	2
	512
	192
	4
	2
	1814
	1808
	960
	848

	81
	2
	512
	192
	8
	2
	1786
	1776
	944
	832

	82
	2
	512
	192
	16
	2
	1730
	1712
	912
	800

	83
	2
	512
	192
	32
	2
	1618
	1584
	848
	736

	84
	1
	512
	192
	0
	0
	3712
	3712
	1952
	1760

	85
	1
	512
	192
	0
	2
	3682
	3680
	1952
	1728

	86
	1
	512
	192
	4
	2
	3622
	3616
	1920
	1696

	87
	1
	512
	192
	8
	2
	3562
	3552
	1888
	1664

	88
	1
	512
	192
	16
	2
	3442
	3424
	1824
	1600

	89
	1
	512
	192
	32
	2
	3202
	3168
	1696
	1472

	90
	16
	512
	96
	0
	[8]
	244
	[236]
	122
	[114]


5.3.11.4
HS-SICH timeslot formats

The HS-SICH uses time slot format #90 from table 5b, see section 5.2.2.6.2.
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The bits 
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are coded to produce the bits w1,w2,…w32 
 using a (32,10) sub-code of the second order Reed-Muller code as defined in subclause 4.3.1.1.
.
The bits w1,w2,…w32 are used to produce the CQI bits 
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 using a ([4],1) repetition code, where nCQI=[128], such that:
[zn],[zn+32],[zn+64],[zn+96] = wn  ,   n=1…32
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