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1
Introduction
The baseline scheme [1]-[4] for the uplink HS-DPCCH design employs a dual code design. Since cubic metric [5]-[7] and link budget impacts [8]-[9] were identified for the dual code HS-DPCCH design, a single code HS-DPCCH ACK/NACK and CQI design for DC-HSDPA using existing code words that are used for UE’s configured in MIMO mode was investigated in [10] and [11]. In this document, we examine the cubic metric and consequently the link budget impact of the proposed single code scheme for the ACK/NACK and CQI transmissions.
2
Framework of Cubic Metric Analysis

In the cubic metric analysis performed, Monte-Carlo simulations are run to compare cubic metrics of the following HS-DPCCH design schemes:

· 1 DL carrier; Single code HS-DPCCH (legacy)
· Nmax_DPDCH =0: (256, 33, Q)

· Nmax_DPDCH =1: (256, 64, Q)

· 2 DL carriers, Single code HS_DPCCH based on DL MIMO 

· Nmax_DPDCH =0: (256, 33, Q)

· Nmax_DPDCH =1: (256, 64, Q)

· 2 DL carriers, Dual code HS-DPCCH (as specified in [3])
· Nmax_DPDCH =0: (256, 33, Q) + (256, 33, I)

· Nmax_DPDCH =1: (256, 64, Q) + (256, 32, Q)
The schemes are compared by selecting corresponding βhs for each scheme that achieves similar decoding error performance. Since the decoding error rate is different for ACK/NACK and CQI (as shown in [10] and [11]), these two cases are studied separately. The mapping of the βhs and the results obtained are shown in Sections 3 and 4.
Table 1 shows the simulation assumptions for the legacy single code scheme with one DL carrier. The cubic metric for the dual code scheme and the single code scheme based on MIMO codewords is analyzed using the same set of parameters but with a corresponding value for βhs.
Table 1: CM Analysis, Simulation Parameters

	Parameter
	Value
	Comment

	Nmax_dpdch
	[0,1]
	0 or 1 dedicated channels

	TTI [ms]
	2
	

	βd
	1.0
	

	βc
	11/15
	

	15*βhs/ βc
	[0 12 15 19 24]
	-0 corresponds to HS-DPCCH disabled. –Beta setting corresponds to the legacy Single code scheme 

	15*βec/ βc
	[15 19 24]
	- For 10ms TTI, βec/ βc = 24/15 is not considered

	15*βed,1/ βc
	[17 21 27 34 42 53 67];
	

	15*βed,2/ βc
	[24 27 38 47 53 67 84]
	Only valid for 2xSF2+2xSF4


3
Cubic Metric impact on CQI Transmissions
The mapping of the βhs between the legacy single code scheme, dual code scheme and the single code scheme based on the MIMO codewords is shown in Table 2. Since there is a link efficiency gain of 0.75dB for the single code scheme based on MIMO codewords, an increase of 2.25dB in total power is required while an increase of 3dB in total power is required for the dual code scheme. The increase in βhs for the single code scheme is rounded up to the nearest valid βhs configuration.
The results of the CM analysis is shown in Figure 1 for the case where N_max_DPDCH = 0 and in Figure 2 for the case where N_max_DPDCH = 1.
Table 2: CM Analysis, βhs Mapping for CQI
	15*βhs/ βc

(legacy single code scheme)
	 15* {βhs*[10^(0.1*2.25)]}=15* βhs*1.68 rounded up to a valid configuration
(Single code scheme based on MIMO codewords)
	15* [(βhs/ βc)+ (βhs/ βc)] 

(Dual code scheme)

	0
	0
	0

	12
	20.136 =>19
	12+12

	15
	25.17 => 24
	15+15

	19
	31.882 =>30
	19+19

	24
	40.272 => 38
	24+24
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Figure 1:  Cubic metric comparison for CQI when N_max_DPDCH=0.
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Figure 2: Cubic metric comparison for CQI when N_max_DPDCH=1
The maximum increase for the single code scheme based on the MIMO codewords obtained is 0.2dB whereas the maximum increase in CM for the dual code scheme is 0.9dB. It can be seen from the above plots that the increase in cubic metric for the single code scheme based on the MIMO codewords is significantly lower than that for the dual code scheme. Indeed, the CM actually improves at low data rates upto to 0.2dB over the legacy single code scheme and up to 1.2dB over the dual codeword scheme.
4
Cubic Metric impact on ACK/NACK Transmissions
The mapping of the βhs between the legacy single code scheme, dual code scheme and the single code scheme based on the MIMO codewords is shown in Table 3. It is shown in [10] that the decoding error performance for the single code scheme based on the MIMO codewords is dominated by the DTX hypotheses. Consequently, there is a link efficiency gain of around 3dB for the single code scheme based on MIMO codewords
Table 3: CM Analysis, βhs Mapping for ACK/NACK
	15*βhs/ βc

(legacy single code scheme)
	 15* βhs/ βc

 (Single code scheme based on MIMO codewords)
	15*sqrt{[(βhs/ βc)2] dB+3}lin 

(Dual code scheme)

	0
	0
	0

	12
	12
	12+12

	15
	15
	15+15

	19
	19
	19+19

	24
	24
	24+24


The baseline dual codeword scheme dictates that the ACK/NACK transmissions corresponding to the anchor and secondary carrier be sent on the corresponding codes specified in [3]. Depending on whether the UE is scheduled one carrier or both, a few cases arise with regards to the cubic metric impact. We consider here, the cases when the UE is scheduled only on the supplementary carrier and when the UE is scheduled on both carriers.
When the UE is scheduled only on the supplementary carrier, DTX is transmitted on HS-DPCCH1 and ACK/NACK is transmitted on HS-DPCCH2 in the dual codeword scheme. In the single codeword scheme based on the MIMO codewords, a codeword corresponding to DTX+ACK/NACK is transmitted on HS-DPCCH1 and nothing (DTX) is transmitted on the second carrier. The cubic metric analysis comparing these two cases is shown in Figure 3 for the case where N_max DPDCH = 0 and in Figure 4 for the case where N_max_DPDCH = 1.
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Figure 3:  Cubic metric comparison for ACK/NACK when the UE is scheduled only on the secondary carrier and N_max_DPDCH=0.
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Figure 4:  Cubic metric comparison for ACK/NACK when the UE is scheduled only on the secondarry carrier and N_max_DPDCH=1.
When the UE is scheduled on both carriers, ACK/NACK information is transmitted on both HS-DPCCH1 and HS-DPCCH2 simultaneously in the dual codeword scheme. In the single codeword scheme based on MIMO codewords, a codeword which contains the information of both carriers is transmitted on HS-DPCCH1 only. The cubic metric analysis comparing these two cases is shown in Figure 5 for the case where N_max DPDCH = 0 and in Figure 6 for the case where N_max_DPDCH = 1.
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Figure 5:  Cubic metric comparison for ACK/NACK when the UE is scheduled on both carriers and N_max_DPDCH=0.
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Figure 6:  Cubic metric comparison for ACK/NACK when the UE is scheduled on both carriers and N_max_DPDCH=0
Since the single code scheme based on the MIMO codewords has the same βhs value as that for the legacy single code scheme, the cubic metric does not change at all. The only change seen corresponds to the dual code scheme. 
There is a significant cubic metric difference of up to 1.45dB when the UE is only scheduled on the supplementary carrier between the dual codeword scheme and the single codeword scheme based on the MIMO codewords.

When the UE is scheduled on both carriers, the maximum increase in cubic metric for the dual code scheme is 0.9dB. Note that the cubic metric difference between the two schemes is negligible in the case where N_max_DPDCH = 1 irrespective of carrier scheduling.
5
Conclusion

As an alternative to overcoming the cubic metric and link performance impact of the baseline dual code HS-DPCCH, a single code HS-DPCCH ACK/NACK and CQI encoding scheme based on existing DL MIMO ACK/NACK code words was studied and presented in [10] and [11]. Gains over the dual code scheme in terms of link efficiency were shown for the single code scheme based on the MIMO codewords.

In this document, we showed that the single code scheme also outperforms the baseline dual code scheme from a cubic metric perspective. This is not unexpected since most of the cubic metric impact is on account of the additional code channel. Increase in the βhs is not seen to impact the cubic metric in a significant fashion.

6
References

[1] R1-083395, “25.211 CR0257r1 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers”, Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung
[2] R1-083396, “25.212 CR0267r1 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers”, Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung
[3] R1-083397, “25.213 CR0095r1 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers”, Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung
[4] R1-083398, 25.214 CR0497r1 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers”, Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung
[5] R1-082822, “HS-DPCCH design for CQI feedback cycle > 1”, Qualcomm Europe

[6] R1-082292, “Further HS-DPCCH Design Options and Cubic Metric Analysis for N_max_dpdch=1”, Qualcomm Europe
[7] R1-082324, “Uplink control channel for dual-cell HSDPA”, Samsung

[8] R1-082293, “Link Budget Impact due to DC-HSDPA operation”, Qualcomm Europe

[9] R1-082395, “Dual HS-DPCCH coverage”, Nokia Siemens Networks, Nokia

[10] R1-083539, “Single Code HS-DPCCH ACK/NACK design for DC-HSDPA”, Qualcomm Europe

[11] R1-083540, “Single Code HS-DPCCH CQI design for DC-HSDPA”, Qualcomm Europe

7
Annex

In the following, cubic metric curves for various βhs configurations are shown comparing the single code scheme based on the MIMO codewords and the dual code schemes for the cases where N_max_DPDCH=0 and N_max_DPDCH=1. 
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Figure 7:  Cubic metric comparison for CQI when  
Figure 8: Increase in cubic metric over the legacy single code 
   N_max_DPDCH=0. 
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Figure 9:  Cubic metric comparison for CQI when  
Figure 10: Increase in cubic metric over the legacy single code 
   N_max_DPDCH=1. 











   scheme for CQI when N_max_DPDCH=1.
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Figure 11:  Cubic metric comparison for ACK/NACK when  
Figure 12: Increase in cubic metric over the legacy single code 
   N_max_DPDCH=0. 
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Figure 13:  Cubic metric comparison for ACK/NACK when  
Figure 14: Increase in cubic metric over the legacy single code 
   N_max_DPDCH=1. 
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