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1
Introduction
So far, for DC-HSDPA, the focus of HS-DPCCH design as reflected in [1], has been on CQI Feedback Cycle =1. The design philosophy has been to re-use the legacy HS-DPCCH coding scheme and to transmit the HS-DPCCH for the secondary serving cell on an additional channelization code that exhibits minimal cubic metric impact. However, not much attention has been paid to CQI Feedback cycle > 1. Recent link budget studies [4] and [5] suggest a link budget impact on the uplink due to single uplink operation in DC-HSDPA. The loss in performance is mainly due to cubic metric impact and a 3dB increase in HS-DPCCH power. 

In this contribution, we examine a few design options for the HS-DPCCH channel for the case when CQI Feedback cycle > 1. Furthermore, cubic metric analysis is performed to evaluate the benefit of sending CQI and ACK/NACK feedback on the legacy HS-DPCCH channel, by disabling the second HS-DPCCH channel.
2
HS-DPCCH Design Options for CQI Feedback Cycle = 2
In this section, we investigate HS-DPCCH design options for CQI Feedback cycle = 2. Although the focus has been on CQI feedback cycle =2, the analysis applies in general to CQI Feedback Cycle > 1.
Figure 1 illustrates the case (Case 1) when CQI for the serving cell (CQI1) and CQI for the secondary serving cell (CQI2) are sent time aligned i.e. there is no time offset between the 2 CQIs. 
In this configuration, the following observations can be made:

· The UE will introduce a lot of fluctuation in it’s transmit power every 2ms. 
· Furthermore, every 2ms, the amount of power headroom available for DCH or E-DCH transmission will fluctuate significantly.
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Figure 1: Case 1- CQI Feedback Cycle = 2, No time offset between CQI1 and CQI2
Figure 2 illustrates the case (Case 2) when the CQIs are time offset by 2ms, i.e. CQI1 is sent in one 2ms period and CQI2 is sent in the next 2ms period. 

In this configuration, the following observations can be made:
· This configuration solves the problem of power headroom fluctuation observed in Case 1.

· Power headroom limitation may still occur due to simultaneous ACK/NACK transmission. 

· Hence during the ACK/NACK slots, DCH/E-DCH transmission may still suffer from link budget issue, whenever 

· This in turn forces the E-TFC selection algorithm [1] to make a conservative E-TFC selection.
· There is a potential cubic metric (CM) impact due to transmitting CQI2 on HS-DPCCH2 and DTX on HS-DPCCH1. This issue is further addressed in Section 4 where we perform a cubic metric analysis.
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Figure 2: Case 2- CQI Feedback Cycle = 2, time offset = 1 TTI between CQI1 and CQI2, CQI2 sent on HS-DPCCH2
Figure 3 illustrates the case (Case 3) which builds on top of Case 2, where instead the CQI2 is sent on HS-DPCCH1 to solve any potential cubic metric impact reported for Case 2.
In this configuration:

· This configuration solves the problem of power headroom fluctuation observed in Case 1.

· Since the CQI is sent using legacy HS-DPCCH, there is no cubic metric (CM) impact for the slots when CQI are transmitted.
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Figure 3: Case 3, CQI Feedback Cycle = 2, time offset = 1 TTI between CQI1 and CQI2, CQI2 sent on HS-DPCCH1
Finally, Figure 4 illustrates the case (Case 4), when the UE is configured to receive HS-PDSCH transmission on only 1 carrier in any 2ms TTI. 
In this configuration:

· The UE transmits a single ACK/NACK and always transmits on the legacy HS-DPCCH ACK/NACK.

· Furthermore, the CQI is transmitted in identical manner as in Case 3.
Hence the UE transmits only on legacy HS-DPCCH1 and transmission on HS-DPCCH2 is disabled in this configuration. In R1-08xxxx, we provide more details on this new mode of operation (Dynamic carrier assignment).
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Figure 4: Case 4, CQI Feedback Cycle = 2, time offset = 1 TTI between CQI1 and CQI2, CQI2 sent on HS-DPCCH2, UE is scheduled on only 1 out of 2 carriers in a single TTI
3
System Performance Impact due to CQI Feedback Cycle =2
System simulation assumptions for DC-HSDPA performance evaluation were broadly agreed upon in [7]. For certain parameters, a few possible options were listed. The following simulations have been generated for these specific assumptions. This table is reproduced from [8]. The scheduler time constant is 1.5 seconds.

Table 1: System Simulation Parameters

	Parameters
	Comments

	Channel Model
	PA3

	UE Receiver Type
	Type 3 (LMMSE with RxD)

	HS-DSCH Power
	Maximum Power = 70% of Node B transmit power

HS-SCCH power decided by a 1% HS-SCCH BLER

HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	Other Sector Transmit Power
	OCNS = 1 (all other sectors always transmit at full power)

	Fading Across Carriers
	Uncorrelated

	Channel Estimation
	Realistic
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Figure 5: Average Sector Throughput, PA3, CQI Feedback Cycle =1, 2
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Figure 6: Average User Throughput, PA3, CQI Feedback Cycle =1, 2
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Figure 7: Loss in Average User Throughput, PA3, due to CQI Feedback Cycle of 2 compared to the case when CQI Feedback cycle = 1.
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Figure 8: Fairness, PA3, 8 Users per sector, CQI Feedback Cycle = 1,2
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Figure 9: Fairness, PA3, 16 Users per sector, CQI Feedback Cycle = 1,2
From Figures 5 through 9, we observe insignificant loss in DC-HSDPA system performance between CQI Feedback Cycle = 1 and 2. In particular there is virtually no change in fairness characteristic and the loss in average user throughput is less than 2%.
4
Cubic Metric Analysis

In the section, we perform a per-slot cubic metric analysis to investigate the impact of sending ACK or NACK or CQI information in a given time slot, on either HS-DPCCH1 (Figure 10) or on HS-DPCCH2 (Figure 11). The analysis is performed for both N_max_dpdch = 0 and N_max_dpdch = 1. The channelization codes used are listed in Table 1.
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Figure 10: ACK/NACK/CQI information sent on HS-DPCCH1
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Figure 11: ACK/NACK/CQI information sent on HS-DPCCH2
Table 2: Channelization code of HS-DPCCH
	Nmax-dpdch
	Channelization code chs
for HS-DPCCH1
	Channelization code chs
for HS-DPCCH2

	0
	C ch,256,33,Q
	C ch,256,33,I

	1
	Cch,256,64,Q
	Cch,256,33,Q


N_max_dpdch = 0:
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Figure 12: Cubic Metric: 1xSF4, DTX+ACK v/s ACK+DTX
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Figure 13: Difference in Cubic Metric between DTX+ACK v/s ACK+DTX, N_max_dpdch =0, 1xSF4
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Figure 14: Cubic Metric: 1xSF4, DTX+CQI v/s CQI+DTX
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Figure 15: Difference in Cubic Metric between DTX+CQI and CQI+DTX, N_max_dpdch=0, 1xSF4
N_max_dpdch = 1:
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Figure 16: Cubic Metric: 1xSF4, DTX+ACK v/s ACK+DTX
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Figure 17: Difference in Cubic Metric between DTX+CQI and CQI+DTX, N_max_dpdch =1, 1xSF4
From Figures 12 through 17, we can make the following observations:

· For N_max_dpdch = 0

· There is a significant cubic metric difference between transmitting DTX(HS-DPCCH1)+ACK(HS-DPCCH2) v/s  ACK(HS-DPCCH1)+DTX(HS-DPCCH2)
· The maximum difference is 1.45 dB

· βed,1/ βc= 21/15,  βec/ βc = 24/15, βhs/ βc = 24/15

· There is a significant cubic metric difference between transmitting DTX(HS-DPCCH1)+CQI(HS-DPCCH2) v/s  CQI(HS-DPCCH1)+DTX(HS-DPCCH2)

· The maximum difference is 1.46 dB

· βed,1/ βc= 27/15,  βec/ βc = 24/15, βhs/ βc = 24/15

· For N_max_dpdch = 1

· The cubic metric difference is at most 0.2dB between transmitting DTX(HS-DPCCH1)+ACK(HS-DPCCH2) v/s  ACK(HS-DPCCH1)+DTX(HS-DPCCH2)
5
Conclusion

A few design options for HS-DPCCH were investigated for the case when CQI Feedback Cycle = 2.  Particular attention was paid to restoring loss in uplink performance due to cubic metric impact and increased HS-DPCCH power associated with 2DL: 1UL DC-HSDPA systems. System performance evaluation suggests that CQI Feedback cyle =2 is an acceptable operating point. Based on the cubic metric analysis, we propose the following:
Proposal 1: For CQI Feedback Cycle > 1, introduce CQI time offset between the CQIs of the dual carriers. The time offset depends on the repetition factor N_cqi_transmit.
Proposal 2: For CQI Feedback Cycle > 1, transmit the CQI corresponding to the secondary serving cell on the legacy HS-DPCCH (HS-DPCCH1).
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