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1. Introduction

A new work item on 8C-HSDPA was introduced in [1] at RAN#50. In this contribution, we will discuss HS-DPCCH design for 8C-HSDPA.
2. Discussion
2.1 HS-DPCCH design options
According to the discussion of HS-DPCCH design for DC-HSDPA and 4C-HSDPA [2]
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 \* MERGEFORMAT [6], a single-code HS-DPCCH design was proven to outperform the dual-code designs in CM perspective, which is relevant to the uplink coverage. Meanwhile the decoding performance of single-code design is similar to dual-code design. Hence, single-code HS-DPCCH design was chosen for 4C-HSDPA in Rel-10. In the light of the similar rulesm, it seems reasonable to keep using single-code HS-DPCCH design for 8C-HSDPA, and the remapping of carriers after carriers activation/deactivation and power consumption should also be considered. However, the advantage of dual-code design, backward compatibility and easy evolution of protocol should also be important aspects to consider. Therefore, it is still necessary to discuss both single and dual-code designs.
The HS-DPCCH designs include:
· Single code HS-DPCCH design
· Spreading Factor Reduction (use SF64)
· Reuse existing Rel-10 HS-DPCCH code design (HS-DPCCH design for 3/4C-HSDPA); time division of two Rel-10 HS-DPCCHs.
· SF128 may still be used for some special scenarios
· Dual code HS-DPCCH design
· Reuse existing HS-DPCCH code design of Release 5~10 
· The DL carriers are divided into 2 groups, each of which corresponding to one HS-DPCCH, e.g. {C0, C1, C2, C3} -> HS-DPCCH1 and {C4, C5, C6, C7} -> HS-DPCCH2.
Examples of single and dual-code design are shown in Figure 1 and Figure 2. 
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Figure 1: Single-code HS-DPCCH design for 8C-HSDPA
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Figure 2: Dual-code HS-DPCCH design for 8C-HSDPA
For single-code design (SF64):
· The spreading factor of HS-DPCCH is not changed after the activation/deactivation of DL carriers.

· Changing transmission power in one UL slot should be avoided if possible.
· DTX codeword is used to indicate the DTX message when not all the HARQ-ACK messages for DL carriers are DTX message. 
· DTX or a DTX codeword may be used to replace CQIs when some carriers are deactivated; the DTX codeword for CQI reporting can be further investigated..
· When at most 4 secondary carriers are activated, the DL carriers can be regrouped and repetition is used.
· If only 4 carriers are activated after deactivating some carriers, e.g. when {C4, C5, C6, C7} are deactivated, the ACKs and CQIs for {C0, C1, C2, C3} are repeated and filled in the ACK field and CQI field, respectively.
· If inconsecutive indexed carriers are deactivated, the remaining carriers shall be regrouped.
· If only 2 carriers are activated, the ACKs and CQIs for {C0, Cn} are repeated and filled in the ACK field and CQI field, respectively. wherein the subscript n∈{1, …, 7}.
· If only 1 carrier is activated, the ACKs and CQIs for {C0} are repeated and filled in the ACK field and CQI field, respectively.
· The minimum CQI is still 4 ms.
For single-code design (SF128):
· For some special scenarios：
· 6C-HSDPA without MIMO configured in any carrier
· The 6 carriers are divided into 2 groups, each of which includes 3 carriers. Coding for HS-DPCCH of Rel-10 3C-HSDPA without MIMO is applied for each group. Then ACK symbols for the two groups are concatenated in the 1st slot; the CQI symbols are concatenated in the subsequent 2 slots.
· 5C-HSDPA with at most 2 carriers configured with MIMO.
· The DL carriers are divided into 2 groups: carriers with MIMO configured are in one group and the others in another group. HS-DPCCH coding for Rel-9 DC-MIMO and Rel-10 3C-HSDPA without MIMO are applied for each group.
· Benefit from the power saving by 3dB, comparing to 1xSF64 design.
For dual-code design: 
· There are 3 possible solutions:
· Solution 1: HS-DPCCH1 uses SF128; HS-DPCCH2 uses SF128. 
· For any 5~8C-HSDPA and any activation/deactivation status, solution 1 can be applied
· Solution 2: HS-DPCCH1 uses SF128; HS-DPCCH2 uses SF128 or SF256 according to the configuration of carriers of {C4, C5, C6, C7}.
· For 8C-HSDPA and 7C-HSDPA with at least one carrier in {C4, C5, C6, C7} configured with MIMO, use 4C-HSDPA coding (SF128) + 4C-HSDPA coding (SF128)
· For 5/6C-HSDPA and 7C-HSDPA with no carrier in {C4, C5, C6} configured with MIMO, use 4C-HSDPA coding (SF128) + 3C-HSDPA without MIMO configured coding (SF256)
· Solution 3: HS-DPCCH1 and HS-DPCCH2 use SF128 or SF256 according to the configuration of all carriers. 
· For 5/6C-HSDPA without MIMO configured, use 3C-HSDPA without MIMO configured coding (SF256) + 3C-HSDPA without MIMO configured coding (SF256)
· For 5C-HSDPA with at most 2 carriers configured with MIMO, use DC-MIMO coding (SF256) + 3C coding(SF256);
· For 5C-HSDPA with at least 3 carriers configured with MIMO and 6C-HSDPA with at least 1 carrier configured with MIMO , use 4C-HSDPA coding (SF128) + DC-HSDPA with MIMO coding (SF256)
· Otherwise, similar to Solution 2.
2.2 Cubic Metric analysis of HS-DPCCH designs
A companion contribution [7] discusses the CM performance of single and dual-code HS-DPCCH designs. It indicates that the CM performance of single-code is better than dual-code design, especially for the case when channel (I, 4, 1) is used for E-DPDCH. 
However, as mentioned in [8], 8C-HSDPA requires more feedback messages on the uplink. Consequently the scenario that a UE uses (I,4,1) for E-DPDCH might hardly exist. And, the CM for both designs is quite close in the other scenarios, which uses 2 or 4 channelisation codes for E-DPDCH.
2.3 Power consumption analysis of HS-DPCCH designs
Power consumption is discussed for following scenarios:
· Scenario A1: 8 carriers with MIMO configured, 8 carriers activated
· Scenario A2: 7/8 carriers with MIMO configured, 7 carriers activated
· Scenario B1: 6/7/8 carriers with MIMO configured, 6 carriers activated
· Scenario B2: 6/7/8 carriers with MIMO configured, 5 carriers activated
· Scenario C: 6 carriers without MIMO configured in any carrier, 6 carriers activated

· Scenario D: 5 carriers with at most 2 carriers configured with MIMO, 5 carriers activated
The peak power and energy consumption per TTI are shown from Figure 3 to Figure 5.
Scenario A1 and A2:
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Figure 3: Power consumption of single and dual-code designs, 
8 carriers configured with MIMO and 8 carriers activated
For scenario A1, the peak power and energy consumption per TTI of both designs are the same. However, for Scenario A2, DTX can be filled in the CQI field of the corresponding carrier that is deactivated in 2xSF128 design, whereas DTX cannot be filled in the CQI field of the corresponding carrier that is deactivated for 1xSF64 design due to the transmission power is not allowed to be changed within one slot. Therefore, power consumption is somehow lower for dual-code design than single-code.
Scenario B1 and B2:
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Figure 4: Power consumption of single and dual-code designs, 
8 carriers configured with MIMO and 6 carriers activated
For Scenario B1 and B2, the peak power and energy consumption per TTI of single HS-DPCCH (1xSF64) design is larger than that of dual-code HS-DPCCH (2xSF128) design as shown in Figure 4.
Scenario C:
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Figure 5: Power consumption of single and dual-code designs, 
6 carriers configured without MIMO and 6 carriers activated
For Scenario C, the peak power of 1xSF64 design is larger than that of 2xSF128 by 1.25dB (=10*log(2/1.5), and peak power of 1xSF64 design is larger than that of single HS-DPCCH (1xSF128) design by 3dB (=10*log10(2/1)) in ACK filed and 1.02dB (=10*log10(2/1.58)) in CQI field. The peak power of 1xSF128 and 2xSF256 design is equal. 
The energy consumption averaged by TTI of 1xSF64 design is larger than that of 2xSF128 by 1.25dB (=10*log(2/1.5), and consumption of 1xSF64 design is larger than that of 1xSF128 design by 3dB (=10*log10(2/1)) in ACK filed and 1.9dB (=10*log10(4/2.58)) in CQI field. The energy consumption per TTI of 1xSF128 equals to that of 2xSF256 design.

Scenario D:

[image: image6.emf]ACK

C

0

,C

1

ACK

C

2

,C

3

,C

4

ACK

C

0

,C

1

ACK

C

2

,C

3

,C

4

P

1

/2

T = 1 slot

P

1

Dual HS-DPCCHs (2xSF256): Peak Power = max{P

1

, 1.58P

2

},  Energy consumption =  (2P

1

T + P

2

T+3*1.58P

2

T)/2=P

1

T+2.87P

2

T

Single HS-DPCCH(1xSF128): Peak Power = max{P

1

, 1.58P

2

},  Energy consumption = (2P

1

T + P

2

T+3*1.58P

2

T)/2=P

1

T+2.87P

2

T

CQI

0

/PCI

0 CQI

2

CQI

0

/PCI

0

CQI

2

1.58P

2

1.58P

2

/2

ACK

C

2

,C

3

ACK

C

0

,C

1

DTX 

codew

ord

ACK

C

4

ACK

C

2

,C

3

ACK

C

0

,C

1

ACK

C

4

P

1

P

1

/2

2P

1

Dual HS-DPCCHs (2xSF128): Peak Power =  max{3P

1

/2, 1.58*3P

2

/2}

Energy consumption = 2*3P

1

T/2 + 2*1.58P

2

T+2*P

2

T+2*P

2

T/2)/2=3P

1

T/2+3.08P

2

T

Single HS-DPCCH(1xSF64): Peak Power = max{2P

1

, 1.58*2P

2

}

Energy consumption = (2*2P

1

T + 2*1.58*2P

2

T+ 2*2P

2

T)/2=2P

1

T+5.16P

2

T

CQI

2

CQI

0

/PCI

0

DTX codeword CQI

4

CQI

2

CQI

0

/PCI

0

CQI

4

CQI

4

2P

2

P

2

P

2

/2

T = 1 slot

T = 1 slot

T = 1 slot

ACK

C

0

,C

1

C

2

ACK

C

3

,C

4

,C

5

ACK

C

0

,C

1

ACK

C

2

,C

3

,C

4

CQI

1

/PCI

1

CQI

3

+CQI

4

CQI

1

+CQI

2

CQI

3

+CQI

4

P

2

P

2

/2

P

1

/2

1.58P

2

/2

ACK

C

2

,C

3

ACK

C

0

,C

1

DTX 

codew

ord

ACK

C

4

ACK

C

2

,C

3

ACK

C

0

,C

1

CQI

3

CQI

1

/PCI

1

DTX codeword

DTX 

codeword

CQI

3

CQI

1

/PCI

1

ACK

C

4

DTX DTX

ACK

C

4

,C

5

ACK

C

4

,C

5


Figure 6: Power consumption of single and dual-code designs, 
6 carriers configured without MIMO and 5 carriers activated
For Scenario D, the peak power of 1xSF64 design is larger than that of 2xSF128 by 1.25dB (=10*log(2/1.5), and peak power of 1xSF64 design is larger than that of single HS-DPCCH (1xSF128) design by 3dB (=10*log10(2/1)). Also, the peak power of 1xSF128 equals to that of 2xSF256 design. 

The energy consumption averaged by TTI of 1xSF64 design is larger than that of 2xSF128 by 1.25dB (=10*log(2/1.5) in ACK filed and 2.24dB(=10*log10(5.16/3.08)) in CQI field. And, energy consumption averaged by TTI of 1xSF64 design is larger than that of 1xSF128 design by 3dB (=10*log10(2/1)) in ACK filed and 2.55dB(=10*log10(5.16/2.87)) in CQI field. The energy consumption per TTI of 1xSF128 equals to that of 2xSF256 design.

Note: the calculation in Figure 6 is based on the assumption that CQI/PCI slot consumes 2dB more power than CQI slot. 
Observation:
· Dual-code HS-DPCCH design outperforms single-code design in some special scenarios such as Scenario A2, B1, B2 and C and D, where DTX or repetition operation can be applied for dual-code design but not applicable for single-code design.
· The 1xSF128 (or 2xSF256) design of Scenario C and D can obtain 3dB gain for ACK and 1.9dB~2.55dB for CQI reporting from the perspective of peak power or energy consumption per TTI, comparing to 1xSF64 (or 2xSF128) design.
3. Conclusion
In this document we discussed HS-DPCCH design options of 8C-HSDPA, and analyzed power consumption of each design in some scenarios. According to the observation, we propose: 
Proposal 1: HS-DPCCH design shall consider both cubic metric and power consumption evaluation.

Proposal 2: Single SF128 HS-DPCCH is applicable for specific carrier and MIMO configurations.
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Single HS-DPCCH(1xSF64): Peak Power = max{2P1, 1.58*2P2}
Energy consumption = (2*2P1T + 2*1.58*2P2T+ 2*2P2T)/2=2P1T+5.16P2T
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Dual HS-DPCCHs (2xSF128): Peak Power = max{2P1, 2P2},  Energy consumption = 2P1T + 4P2T


Single HS-DPCCH (1xSF64): Peak Power = max{2P1, 2P2},  Energy consumption = 2P1T + 4P2T
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