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HSDPA performance w/wo HI bit  

1.0 Introduction

HSDPA system performance is compared with explicit associated downlink DPCH and HS-SCCH modelling for two cases A and C. Case A’s HS-SCCH TTI is made up of two parts as given in [1] and also described in Annex A with 8 information bits in the first part and 28 bits in the second part using rate ½ convolutional encoding.  Case C’s HS-SCCH TTI is made up of two parts as given in [1] with 20 bits in the first part and 20 bits in the second part each with a CRC using rate ½ convolutional.  For case A, the associated downlink DPCH used slot format 0 and included the HI bit.  For case C,  the associated downlink DPCH used slot format 0 without the HI bit. A single power scale factor was used for the first and second parts. The system performance with the HI bit was slightly better than without because of the reduced overhead of not having to support two CRCs.

2.0 HSDPA throughput for Case A (with HI bit) and  Case C (no HI bit)

Table 1 below shows HSDPA system throughput statistics when the control channel structure includes the HI bit (case A) and when the control channel structure does not include the HI bit (case C).  Table 2 shows the corresponding power overhead and BER/FER statistics.  The throughput results show that case A with the HI bit is the same or slightly better than case C without the HI bit.

Analytically it can be seen that case A is more efficient than case C:
case A  (with HI bit, one CRC)

1. power level (pwrlevel) is set to achieve a desired TPC error rate which assumes a SF=512

2. outerloop target at the UE was set to 3.5dB with transmit diversity and 5.0dB without it to achieve on average 5% TPC BER

3. HS-SCCH power scale factor (scch_sf) of 2.5 and the HI power scale factor (hi_sf) of 3.55 relative to the (512/PGscch)*pwrlevel was necessary to achieve the desired SCCH+HI ER

4. processing gain of HS-SCCH was PGscch = 3840000/(36/(3*0.000667)) = 213.44

5. Cost = [ (2bit/10)(1slot/3)*hi_sf + scch_sf*(512/PGscch) ] *pwrlevel = 6.236*pwrlevel
Case C    (no HI bit, two CRCs)

1. power level (pwrlevel) is set to achieve a desired TPC error rate which assumes a SF=512

2. outerloop target at the UE was set to 3.5dB with transmit diversity and 5.0dB without it to achieve on average 5% TPC BER

3. HS-SCCH power scale factor (scch_sf) of 3.0 relative to (512/PGscch)*pwrlevel was necessary to achieve the desired SCCH FER. (Note Case C needs 4.9dB Eb/Nt while Case A only needs 3.2 dB Eb/Nt to achieve 1% FER, At high speeds Case C requirements are even higher Eb/Nt than Case A).

4. processing gain of HS-SCCH was PGscch = 3840000/(40/(3*0.000667)) = 192.10

5. Cost = [ scch_sf*(512/PGscch) ] *pwrlevel = 8.00*pwrlevel
hence case C costs 28% more than case A (given a single power scale factor for part 1 and 2).

Note that the same type of analysis applies whether the slot format 0 is used (SF=512) or slot format 2 is used (SF=256). Note also that in WCDMA STTD cannot be used for TPC for slot format 0 (SF=512)

3.0 Conclusion

In this paper we have analyzed system impact of the HI bit by comparing two control channel approaches one with the HI bit and the other without the HI bit. A single power scale factor was assumed for part 1 and part 2 of the HS-SCCH. It was shown that the control channel structure with the HI bit (case A) results in a slight improvement in system performance compared to the control channel structure without the HI bit because the overhead of having to support two CRCs (case C) is larger than having to support the uncoded HI bit with one CRC (case A).  
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Table 1  HSDPA System performance w/wo HI bit for Ped A channel model and Web Browsing Traffic model.
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Table 2  Power level and BER/FER statistics w/wo HI bit for Ped A channel model and Web Browsing Traffic model (corresponds to same cases as Table 1).
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Hybrid ARQ with IR was used.  For IR, the TTI was fixed (2ms) and the selected modulation and encoding rate was used for the first transmission and subsequent re-transmissions of a given packet. That is, the same systematic bits used on the first transmission were also used on subsequent retransmissions but the parity bits were different.  Modulation and encoding rates assigned were QPSK R=1/4, 1/2, 3/4 & 16QAM R=1/2, 5/8, 3/4. 
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Figure 1 Performance comparison with (CaseA) and without (CaseC) HI Bit
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Figure 2 Ovehead power requirements with (CaseA) and without (CaseC) HI Bit
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 Figure 3 BER and FER with HI bit (CaseA) and without HI Bit (CaseC).

ANNEX A

HS-SHCCH  Description and Link Performance

Case A: Alternative 1 + CRC Alternative 1

This scheme is illustrated in Figure 1, where the channelization code set (CCS) and modulation level with tail bits are sent in the first slot and the HARQ and CRC with tail is sent over the next two slots.  It may be noted that in this case the CRC (16 bits) is calculated over Part-1 + Part-2 and attached to the Part-2.
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Figure 1. Case A: Alternative 1 + CRC Alternative 1

Case C: Alternative 1 + CRC Alternative 2 

If slot 1 and slot2+slot3 is interleaved separately this is equivalent to Case A except for the number of bits.  Figure 2 illustrates this scheme.
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Figure 2. Case C: Alternative 2+CRC Alternative 1
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Figure 3.  Case A Short Term FER versus Eb/Nt (dB)
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Figure 4. Case A Short-term FER versus geometry (^Ior/Ioc)
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Figure 5.  Case C Short Term FER versus Eb/Nt (dB)
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Figure 6. Case C Short-term FER versus geometry (^Ior/Ioc)
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		Cases		Avg CCH + TPC ovhd				Avg User		Average BER/FER

		(speed, sched, channel, txdiv state)		Sector		User		TPC Ovhd		TPC		HI		SCCH+HI

		Case A		(%)		(%)		(%)		(%)		(%)		(%)

		003kph, Max C/I, PedA, _wtxdiv		8.3		3.4		0.22		4.5		0.03		0.1

		030kph, Max C/I, PedA, _wtxdiv		6.6		3.5		0.19		5.6		0.4		1.6

		120kph, Max C/I, PedA, _wtxdiv		9.3		3.6		0.17		6.2		0.4		0.8

		003kph, Max C/I, PedA, notxdiv		10.5		4.8		0.32		4.0		0.1		0.5

		030kph, Max C/I, PedA, notxdiv		13.7		5.5		0.27		5.7		1.5		4.1

		120kph, Max C/I, PedA, notxdiv		13.7		5.8		0.26		6.2		1.5		2.1

		Case C												SCCH

		003kph, Max C/I, PedA, _wtxdiv		9.5		4.2		0.22		4.7		na		0.1

		030kph, Max C/I, PedA, _wtxdiv		10.7		4.2		0.19		5.6		na		2.6

		120kph, Max C/I, PedA, _wtxdiv		10.5		4.6		0.17		6.3		na		0.9

		003kph, Max C/I, PedA, notxdiv		12.2		6.0		0.32		4.0		na		0.5

		030kph, Max C/I, PedA, notxdiv		15.7		6.7		0.27		5.7		na		4.5

		120kph, Max C/I, PedA, notxdiv		16.0		7.3		0.25		6.2		na		1.1
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		Cases		User Packet Call Throughput				Service Sector

		(speed, sched, channel, txdiv state)		Average		Aggregate		Throughput increase

		Case A		(bps)		(bps)		(bps)

		003kph, Max C/I, PedA, _wtxdiv		933,508		398,346		2,059,491

		030kph, Max C/I, PedA, _wtxdiv		685,276		312,254		1,832,547

		120kph, Max C/I, PedA, _wtxdiv		759,331		381,545		1,895,982

		003kph, Max C/I, PedA, notxdiv		870,747		461,443		2,068,034

		030kph, Max C/I, PedA, notxdiv		547,591		249,997		1,753,674

		120kph, Max C/I, PedA, notxdiv		657,658		305,097		1,844,279

		Case C

		003kph, Max C/I, PedA, _wtxdiv		918,436		399,604		2,055,918

		030kph, Max C/I, PedA, _wtxdiv		679,003		298,787		1,812,445

		120kph, Max C/I, PedA, _wtxdiv		756,376		360,376		1,871,110

		003kph, Max C/I, PedA, notxdiv		851,051		435,890		2,061,955

		030kph, Max C/I, PedA, notxdiv		542,478		229,920		1,721,284

		120kph, Max C/I, PedA, notxdiv		645,413		296,662		1,815,903






