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1 Introduction
HS-DPCCH design for 4C-HSDPA was discussed in last RAN1#60 meeting, and it was agreed that:

· For the case of 4C with MIMO:

· Re-use Rel-9 HS-DPCCH codebooks

· For at least the case of 3C without MIMO:

· Give special attention to optimization
· Continue CM and link-level analysis and decide channelization structure for HS-DPCCH at RAN1#60bis.

In this contribution we provide further design options for optimization of 3-carrier HSDPA without MIMO operation, and the advantages of 1xSF256 (or 1xSF128 with repetition) scheme over 2xSF256 (or 1xSF128 with concatenation) are analyzed. 
2 Discussion
2.1 HS-DPCCH design options for 3C-HSDPA
Several design options for 3C-HSDPA had been discussed in [1] ~ [4] and [8]. They are summarized as the following: 
Scheme 1: 2xSF256 codes design
· Feedback messages for carrier 1 and carrier 2 are transmitted in HS-DPCCH1, using Rel-8 HS-DPCCH format.

· Feedback messages for carrier 3 are transmitted in HS-DPCCH2, using Rel-5 HS-DPCCH format.

· CDM for HS-DPCCH1 and HS-DPCCH2.
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Figure 1  2xSF256 codes design for 3C, scheme 1
Scheme 1A: 1xSF128 codes design

· Feedback messages for carrier 1 and carrier 2 are transmitted in HS-DPCCH1, using Rel-8 HS-DPCCH format.

· Feedback messages for carrier 3 are transmitted in HS-DPCCH2, using Rel-5 HS-DPCCH format.

· TDM for HS-DPCCH1 and HS-DPCCH2.
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Figure 1A  1xSF128 for 3C, scheme 1A
Scheme 2: 1xSF256 code design
· HARQ-ACK: ACK/NACK messages for 3 carriers are combined together with joint encoding.
· CQI: CQI1 and CQI2 are combined together using (20, 10) RM coding and transmitted time-multiplexed with CQI3.
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Figure 2  1xSF256 code design for 3C, scheme 2 
 Scheme 2A: Alternative 1xSF256 code design
· HARQ-ACK: ACK/NACK messages for 3 carriers are joint encoded and transmitted together.

· CQI: CQIs for 3 carriers are cross-combined (CQI1 + CQI2, CQI3 + CQI1 and CQI2+CQI3) and transmitted time-multiplexed with each other using (20,10) RM coding.
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Figure 2A  Alternative 1xSF256 code design for 3C, scheme 2A
Scheme 3: 1xSF128 code design with repetition fashion
· Encoding the HARQ-ACK messages and CQI messages like scheme 2 and scheme 2A on HS-DPCCH1; and repeat HS-DPCCH1 on HS-DPCCH2; CQIs can be the same fashion as scheme 2 or 2A. 
· It is expected to have the same performance as 1xSF256 scheme.
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Figure 3  1xSF128 code design with repetition fashion for 3C, scheme 3 
2.2 Analysis of HS-DPCCH design options
2.2.1 ACK/NACK messages
Mapping the ACK/NACKs for the 3-carrier onto a single HS-DPCCH with SF256 can use joint encoding scheme similar to what is specified for Rel-8 or Rel-9. 
At most 26 codewords (without PRE/POST) are desired for single channelization code design. The size of codebook for 3-carrier (26 codewords) is similar to that of DC-MIMO dual-dual case (24 codewords), so the performance of single channelization code design for 3-carrier would be close to DC-MIMO dual-dual case. 
Assume that the power offset used for 3-carrier ACK/NACKs (1xSF256) is the same as Rel-9, i.e. (△ACK +1) or (△NACK +1). For simplicity, we may assume △ACK=△NACK.

Table 1 Gain factor required for ACK/NACKs
	
	Rel-5 ACK/NACK
	Rel-7 ~ Rel-9 ACK/NACK

	Power offset signaling value
	△ACK 
	△ACK +1 

	Amplitude ratios 
	Ahs
	Ahs’≈ Ahs*100.1 

	Gain factor
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Then the total power required for 2xSF256 design is (hs)2+ (hs’ )2, while the total gain factor required for 1xSF256 design is (hs’ )2. The comparison of total power used for HS-DPCCH of two schemes is:
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Therefore, in general, 
- 2xSF256 design would require about 2.1dB power more than 1xSF256 design. 
- If power offset can be set as per half-slot in HARQ-ACK field for 1xSF128 (Scheme 1A), the conclusion of comparing 2xSF256 with 1xSF256 is still available in this case, which is about 2.1dB more power required for 1xSF128.

- If power offset is set per slot, 1xSF128 scheme would consume 3 dB more power than 1xSF256 scheme.
A simulation based on average RLC retransmission and average e-PHY retransmission probability as detection criterion was made to support the analysis above, which is shown in Figure 4.

[image: image9.emf]Minimun power offset at P

RLC

≤10

-4 

and P

e-PHY

≤10

-2

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0.01 0.1 1

False Alarm of non-DTX codewords P

FA

(β

hs

/β

c

)

2

SC(SF128)

DC(SF128)

TC(SF256)


Figure 4  Minimum power offset requirement at PRLC≤10-4 and Pe-PHY≤10-2 for each false alarm setting
Note: SC(SF128) and DC(SF128) denote the SC and DC HARQ-ACK codebook with SF128 spreading; TC(SF256) denotes the TC codebook with SF256 spreading. The False alarm of SC case should not be larger than 2%, otherwise the RLC retransmission would larger than 10-4. TC(SF256) use codebook option 3 in [9]. 
The lowest point of each curve in Figure 4 indicates the minimal requirement of power offset of that case, when considering the average RLC retransmission and average e-PHY retransmission probability as detection criterion [10][11]. The similar criterion had been used in DC-MIMO discussion [12], where the total RLC retransmission and total e-PHY retransmission are used. It shows that either SC(SF128) or DC(SF128) require 2 dB more power than TC(SF256).
It can conclude from the simulation that the 1xSF128 scheme does require more than 2dB power than 1xSF256 scheme (or 1xSF128 with repetition fashion) even with average RLC and extra PHY criterion, which is in accordance with the theoretical analysis above. 
2.2.2 CQI feedbacks
The analysis of power consumption of CQIs transmission is similar to that of ACK/NACKs. It is obvious that 1xSF256 (or 1xSF128 with repetition fashion) for CQIs transmission would save uplink power comparing with 2xSF256 or 1xSF128. 
Both scheme 2A and 2B reuse the existing (20, 10) and (20, 5) RM coding scheme of CQI.  
Each CQI of each carrier can be sent only once per 2 TTI as minimum feedback cycle according to scheme 2A, whereas twice per 3 TTI according to scheme 2B. Thus, CQI feedback of scheme 2B is more effective than that of scheme 2A which probably leads to better throughput performance. 
Proposal 1:  Use 1xSF256 scheme or 1xSF128 scheme with repetition fashion for 3-carrier HSDPA operation without MIMO configured.

Proposal 2:  Adopt cross-combined CQI feedback scheme for 3-carrier HSDPA operation without MIMO configured. (Scheme 2A described in section 2.1)
2.2.3 HARQ-ACK codebook

For the sake of compatibility, the HARQ-ACK codebook for 1xSF256 should cover DC codebook, so that it enable to fallback to DC codebook when one of the secondary carriers is deactivated. 
3 Conclusion
HS-DPCCH designs for 3-carrier HSDPA operation without MIMO configured are discussed in this contribution. It is indicated that1xSF256 (or 1xSF128 with repetition) design takes advantage of 2xSF256 or 1xSF128 design: 
The 2xSF256 design would require about 2.1dB power more than 1xSF256 design. And the 1xSF128 scheme require 2.1 or 3 dB power more than 1xSF256 scheme (or 1xSF128 with repetition).
Proposal 1: Use 1xSF256 scheme or 1xSF128 scheme with repetition fashion for 3-carrier HSDPA operation without MIMO configured.

Proposal 2:  Adopt cross-combined CQI feedback scheme for 3-carrier HSDPA operation without MIMO configured. (Scheme 2A described in section 2.1)
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5 Annex: On the simulation
The average RLC retransmission (denoted as PRLC) and average extra PHY retransmission (denoted as Pe-PHY) are defined in [10], which can be recognized as an extension of the parameters ‘false alarm of ACK’ and ‘mis-detection of ACK’.

The ‘working point based on PRLC and Pe-PHY’ is defined as a certain SNR value at the given performance requirement of PRLC and Pe-PHY . That is,

Pe-PHY and PRLC are functions of SNR and PFA. for each PFA, we can obtain SNRp(PFA) and SNRr(PFA) at the given performance requirement, and the working point at PFA, denoted as SNRw(PFA) = max{SNRp(PFA), SNRr(PFA)}. The SNRw is function of PFA, where 
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