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1
Introduction
In [1], a work item was opened on Duall-Cell HSUPA. DC-HSUPA is a natural evolution of HSUPA by aggregating two adjacent 5MHz uplink carriers as a counterpart of DC-HSDPA introduced in Rel-8. It would solve the bandwitch imbalance between downlink and uplink by providing a larger pipe in the uplink.
The work item should fulfill the following objectives [1]:

· Specify Dual Cell HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

· Introduce a Stage 2 level definition of the Dual Cell HSUPA to TS25.319

· Introduce the functionality for the relevant specifications of

a. UL and DL control channel structure.

b. L2/L3 protocols and procedures

c. UTRAN network interfaces

d. UE RF and performance requirements

e. BS RF and performance requirements 

f. RRM requirements

The definition for the signalling solutions shall take the work item on combination of Dual Cell HSDPA and MIMO into account. Also when defining the stage 3 details, the possible forward compatibility aspects for further extensions of multi-carrier operation will be taken into account when and if feasible. 
In this contribution, we examine a few HS-DPCCH design options for DC-HSUPA, by performing a cubic metric analysis.
2
Summary of HS-DPCCH design for DC-HSDPA
The HS-DPCCH design for DC-HSDPA was studied in great detail during Release 8 SI/WI. RAN1 initially agreed on a dual channelization code solution [5]-[8] which was a simple extension of the Release 5 HS-DPCCH design by transmitting 2 separate HS-DPCCH. Each HS-DPCCH carried ACK/NACK and CQI feedback information for a separate carrier. 

However, a thorough cubic metric analysis and uplink coverage study [5]-[9] revealed an impact in link budget due to transmission of HS-DPCCH on two separate channelization codes for DC-HSDPA. As a result, a single channelization scheme was chosen for HS-DPCCH as specified in [2]-[4]. 

The single channelization code R8 HS-DPCCH design can be summarized as follows;

· Jointly encoding the ACK/NACK/DTX information of the 2 carriers using 1 out of 10 code words, sent in a single time slot. 

· Jointly encoding the CQI of the 2 carriers by reusing the existing (20,10) code used for Type A MIMO HS-DPCCH (PCI/CQI) reports
3
HS-DPCCH Design Options for DC-HSUPA

Considering all the possible future extensions to DC-HSDPA, namely DC-HSDPA+MIMO, MC-HSDPA (3 or 4 carriers) with and without MIMO, Figures 1a through 1d illustrate all the possible design options for transmitting HS-DPCCH across 2 carriers. The coding structure in each channelization code will depend on the multi-carrier configuration in downlink.
Case 1a: Figure 1a corresponds to Rel-8 DC-HSDPA, where a single channelization code is used to transmit ACK/NACK and CQI information of each downlink carrier using a joint coding scheme on a single uplink carrier.
Case 1b: In Figure 1b, a single channelization code is used to transmit HS-DPCCH on each uplink carrier.

Case 1c: In Figure 1c, two channelization codes are sent on a single uplink carrier.
Case 1d: In Figure 1d, two channelization codes are sent on each uplink carrier.
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Figure 1a: 1 HS-DPCCH on Carrier 1
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Figure 1b: 1 HS-DPCCH on each carrier
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Figure 1c: 2 HS-DPCCH on Carrier 1
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Figure 1d: 2 HS-DPCCH on each carrier


In the following, we only consider the Case 1a and Case 1b configurations in Figure 1a and Figure 1b for DC-HSUPA. As a starting point of HS-DPCCH design for DC-HSUPA, the cubic metric impact due to sending an additional HS-DPCCH on the 2nd uplink carrier is studied. Considering the enormous amount of gain combinations across dual uplink carriers, in this contribution, the results are confined to symmetric beta gain setting on the channels that are transmitted on both carriers.
2
Simulation Settings
The following two scenarios will be studied in this contribution.
Table 1: Scenario 1, Balanced E-DCH
	
	Carrier 1
	Carrier 2

	UL Physical Channels transmitted
	DPCCH, (DPDCH), (HS-DPCCH),   E-DPCCH, E-DPDCH, 
	DPCCH, (HS-DPCCH),          E-DPCCH, E-DPDCH

	E-DCH TBS
	Same TBS used on both carriers (refer to Table 3)

	Beta Gain Settings
	Same gain settings on each physical channel (refer to Table 3)


Table 2: Scenario 2, E-DCH on one carrier

	
	Carrier 1
	Carrier 2

	UL Physical Channels transmitted
	DPCCH, (DPDCH), (HS-DPCCH),   E-DPCCH, E-DPDCH, 
	DPCCH, (HS-DPCCH)    

	E-DCH TBS
	Refer to Table 3
	No E-DCH

	Beta Gain Settings
	Same gain settings on each physical channel (refer to Table 3)


The simulation parameters are summarized in Table 3. βed1 and βed2 denotes E-DPDCH gains for the 1st pair of E-DPDCH channels and the 2nd pair of E-DPDCH channels for each carrier (when they are present in both carriers) respectively. They are paired together. TBS 1406 corresponds to 1 SF4, TBS 2798 to 2 SF4, TBS 5772 to 2SF2, and TBS 11484 to 2SF2+2SF4. Nmax-dpdch = 0 and Nmax-dpdch = 1 will be performed. When Nmax-dpdch = 0, all the TBS in Table 3 are tested, but when Nmax-dpdch = 1, TBS 11484 is not tested.
Table 3: Simulation Parameters

	Parameters
	Values

	ACK/NACK
	[DTX ON]

	CQI
	[DTX ON]

	E-DCH TBS
	[1406 2798 5772 11484]

	βhs
	[0 12 15 19 24]

	βed1
	[17 21 27 34 42 53 67]

	βed2
	[24 27 38 47 53 67 84]

	βec
	[15 19 24]

	βd
	21

	βc
	15


The following 4 cases are possible with Case 1a and Case 1b in terms of HS-DPCCH combinations for DC-HSUPA.
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Figure 2: HS-DPCCH combinations for DC-HSUPA
Therefore, we have 2940 (=2*2*(4+3)*5*7*3) testcases in each simulation scenario.

2
Cubic Metric Analysis

2.1 Scenario 1: Balanced E-DCH
Figures 3 through 6 represent the following:
· CDF of cubic metric over all the combinations with balanced E-DCH
· CDF of difference in cubic metric w.r.t. single carrier over all the combinations with balanced E-DCH, for Nmax-dpdch =0, due to symmetric transmissions in the second uplink carrier
· CDF of difference in cubic metric w.r.t. single carrier over all the combinations with balanced E-DCH, for Nmax-dpdch =1, due to symmetric transmissions in the second uplink carrier.
· CDF of the difference in cubic metric between 2nd HS-DPCCH off and on over all the combinations with balanced E-DCH.
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Figure 3: CDF of cubic metric over all the combinations with balanced E-DCH
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Figure 4: CDF of delta cubic metric w.r.t. single carrier over all the combinations with balanced E-DCH, Nmax-dpdch = 0
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Figure 5: CDF of delta cubic metric w.r.t. single carrier over all the combinations with balanced E-DCH, Nmax-dpdch = 1
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Figure 6: CDF of delta cubic metric between 2nd HS-DPCCH on and off over all the combinations with balanced E-DCH
Based on Figures 3 through 6, we observe the following:
· The absolute cubic metric due to symmetric transmissions on each carrier (Scenario 1) can be as high as 3.85 dB.
· The maximum difference in cubic metric between SC-HSUPA and DC-HSUPA is 1.9 dB and 1.65 dB for Nmax-dpdch = 0 and Nmax-dpdch = 1 respectively.
· While configured in DC-HSUPA, the difference in cubic metric between the cases when 2nd HS-DPCCH is on versus when 2nd HS-DPCCH is off, ranges from -0.36 dB to 0.49 dB.
2.2 Scenario 2: E-DCH on One Carrier
Figures 7 through 10 represent the following:

· CDF of cubic metric over all the combinations with E-DCH on one carrier only
· CDF of difference in cubic metric w.r.t. single carrier over all the combinations with E-DCH on one carrier, for Nmax-dpdch =0, due to DPCCH+HS-DPCCH transmissions in the 2nd uplink carrier

· CDF of difference in cubic metric w.r.t. single carrier over all the combinations with E-DCH on one carrier, for Nmax-dpdch =1, due to DPCCH+HS-DPCCH transmissions in the 2nd uplink carrier.
· CDF of the difference in cubic metric between 2nd HS-DPCCH off and on over all the combinations with E-DCH on one carrier.
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Figure 7: CDF of cubic metric over all the combinations with E-DCH on one carrier
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Figure 8: CDF of delta cubic metric w.r.t. single carrier over all the combinations with E-DCH on one carrier, Nmax-dpdch = 0
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Figure 9: CDF of delta cubic metric w.r.t. single carrier over all the combinations with E-DCH on one carrier, Nmax-dpdch = 1
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Figure 10: CDF of delta cubic metric between 2nd HS-DPCCH On and Off over all the combinations with E-DCH on one carrier
Based on Figures 7 through 10, we observe the following:

· The absolute cubic metric due toDPCCH+ HS-DPCCH transmissions on the 2nd uplink carrier (Scenario 2) can be as high as 3.7 dB.

· The maximum difference in cubic metric between SC-HSUPA and DC-HSUPA is 1.51 dB and 0.93 dB for Nmax-dpdch = 0 and Nmax-dpdch = 1 respectively.

· While configured in DC-HSUPA (E-DCH is not scheduled on the 2nd uplink carrier), the difference in cubic metric between the cases when 2nd HS-DPCCH is on versus when 2nd HS-DPCCH is off, ranges from -0.1 dB to 1 dB.
4
Conclusions

A set of possible HS-DPCCH design candidates for DC-HSUPA in terms of physical channel configurations across carriers was presented, taking into consideration all the possible multi-carrier extensions in the future. A cubic metric analysis was performed for two of these configurations.
The following are our main observations:
· It is observed that the 2nd uplink in DC-HSUPA increases the cubic metric by 0.93 dB to 1.9 dB compared to the single carrier case, depending on the different scenarios. 
· When the same E-DCH is configured in both uplink carriers, the cubic metric impact due to sending additional HS-DPCCH is insignificant. However, different E-DCH configuration (TBS, power) may result in different impact.
· When E-DCH is configured in one uplink carrier only, sending an additional HS-DPCCH on the 2nd uplink carrier could increase the cubic metric by up to 1 dB.
5
References 
[1]
RP-090014, “Dual-Cell HSUPA”, Nokia Siemens Networks, Nokia, Telefonica, Orange, Ericsson, Qualcomm Europe, Alcatel-Lucent, Softbank Mobile, Telecom Italia, Huawei, Samsung
[2]
R1-084029, “25.211 CR0257R3 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers"
Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung
[3]
R1-084030, “25.212 CR0267R3 (Rel-8, B) Introduction of Dual-Cell HSDPA Operation on Adjacent Carriers"
Ericsson, Huawei, Nokia, Nokia Siemens Networks, Philips, Qualcomm Europe, Samsung

[4]
R1-084031, “25.214 CR0497R4 (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
6
Annex
Annex includes the cubic metric results for individual setting. In general, cubic metric of CQI slot is very similar as one of A/N slot. Due to the limitation of the document space, we presented only the part of the A/N slot cubic metric results here.
X-axis label in figures in Annex represents βed1. βec varies [15 19 24] within each βed1 tick.
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Figure 11: Scenario 1, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 OFF, TBS = 1406 bits (1xSF4) 
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Figure 12: Scenario 1, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 ON, TBS = 1406 bits (1xSF4) 
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Figure 13: Scenario 1, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 OFF, TBS = 11484 bits, (2xSF2+2xSF4) 
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Figure 14: Scenario 1, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 ON, TBS = 11484 bits, (2xSF2+2xSF4) 
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Figure 15: Scenario 1, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 OFF, TBS = 1406 bits, (1xSF4) 
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Figure 16: Scenario 1, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 ON, TBS = 1406 bits, (1xSF4) 
[image: image20.emf]1721273442536717212734425367172127344253671721273442536717212734425367

0.5

1

1.5

2

2.5

3

3.5

Test Index

Cubic Metric (dB)

A/N Slot,2SF2,HS-DPCCH

1

=DTX

 

 



hs

=0



hs

=12



hs

=15



hs

=19



hs

=24

Single Carrier

HS-DPCCH

2

=DTX HS-DPCCH

2

=ON


Figure 17: Scenario 1, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 ON, TBS = 5772 bits, (2xSF2) 
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Figure 18: Scenario 1, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 ON, TBS = 5772 bits, (2xSF) 
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Figure 19: Scenario 2, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 OFF, TBS = 1406 bits, (1xSF4) 
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Figure 20: Scenario 2, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 ON, TBS = 1406 bits, (1xSF4) 
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Figure 21: Scenario 2, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 OFF, TBS = 11484 bits, (2xSF2+2xSF4) 
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Figure 22: Scenario 2, ACK/NACK, Nmax-dpdch = 0, HS-DPCCH1 ON, TBS = 11484 bits, (2xSF2+2xSF4) 
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Figure 23: Scenario 2, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 OFF, TBS = 1406 bits, (1xSF4) 
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Figure 24: Scenario 2, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 ON, TBS = 1406 bits, (1xSF4) 
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Figure 25: Scenario 2, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 OFF, TBS = 5772 bits, (2xSF2) 
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Figure 26: Scenario 2, ACK/NACK, Nmax-dpdch = 1, HS-DPCCH1 ON, TBS = 5772 bits, (2xSF2) 
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