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1 Introduction 
It’s agreed in last RAN1#61 meeting to adopt SF128 for HS-DPCCH for all cases when 3 or 4 carriers are configured [1]. However, it is FFS for HS-DPCCH design for the case of 3C configured without MIMO [1],
Case of 3C configured w/o MIMO is FFS until RAN1#61bis:

· Alt 1: SF128

· Alt 1a: Re-use Rel-9 codebook

· Alt 1b: New codebook

· Alt 2: SF256

· Alt 3: SF128 except for UEs of a category limited to 3C w/o MIMO

· Choice of codebook FFS

We will present our support of Alt 2, i.e., SF256 HS-DPCCH design in the contribution. In particular, we will focus on the HARQ-ACK codebook design and propose a new HARQ-ACK codebook for 3C w/o MIMO and compare the performance with other codebook designs.
2 HS-DPCCH design

When the UE is configured with 3 carriers without MIMO, HARQ-ACK and CQI feedback are required for carriers C1, C2 and C3. Basically, there are two design approaches, 1xSF256 HS-DPCCH and 1xSF128 HS-DPCCH as illustrated in Figure 1 and Figure 2 respectively. With 1xSF256 HS-DPCCH the HARQ-ACK information for the 3 carriers is jointly coded into a single codeword. While with 1xSF128 HS-DPCCH the legacy codebooks are reused to encode the HARQ-ACK information for the 3 carriers. Detailed codebook options will be discussed in next section.
Besides the spreading factor and the HARQ-ACK feedback, the HS-DPCCH design concerns also the CQI feedback schemes. In last RAN1#61 meeting, it’s agreed with adopting 4ms of minimum CQI feedback cycle for all cases of 3C or 4C configuration [1]. With this agreement, the CQI for 3 carriers are divided into 2 groups and transmitted in a time-multiplex way with each other using Rel-8 (20,10) and Rel-5 (20,5) RM coding respectively, as presented e.g., in [2] [3] and will not be detailed in the contribution.
[image: image1.emf]HARQ-ACK

Carrier 1,2,3

CQI

Carrier 1,2

Rel-8 (20,10) RM

HARQ-ACK

Carrier 1,2,3

CQI

Carrier 3

Rel-5 (20,5) RM

2 ms


Figure 1: HS-DPCCH design using 1xSF256 when UE configured with 3C w/o MIMO
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Figure 2: HS-DPCCH design using 1xSF128 when UE configured with 3C w/o MIMO

3 HS-DPCCH HARQ-ACK design
3.1 HARQ-ACK design options
We consider 3 options for HS-DPCCH HARQ-ACK design for 3C-HSDPA according to different codebook design and different spreading factors.

· Option 1: 1xSF256, joint coding of HARQ messages of 3 carriers into 10 bits, using the codebook as the Option 1 in [3];
· Option 2: 1xSF256, joint coding of HARQ messages of 3 carriers into 10 bits, using the codebook proposed in this contribution (attached in Annex);
· Option 3: 1xSF128, the same as the general scheme for 3/4C activated with MIMO configured on 1 or more activated carriers. Especially, a DTX codeword using the POST codeword is added to the DC codebook. This option is the same as the Option 3 in [3].
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Figure 3: HARQ-ACK design options
3.2 Performance evaluation
In the simulation, we will evaluate the performance of the above mentioned three options.
The method for performance evaluation is based on [3]. A simple model that 
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 is used for the simulation, where n is random value with standard normal distribution, i.e. n ~ N(0, 1), and h is fading factor. And the signal received is decided by zero forcing method. ACK, NACK, and DTX messages are generated at the probability of [0.9, 0.09, 0.01] for each carrier independently. And then the UE transmits the HARQ-ACK codeword decided by the HARQ-ACK messages of carriers. 
Simulation Metrics are listed as below, 
· Mis-detection (including decoding error)
· For SF128, we recognize the 20 bits of HARQ-ACK field as a single codeword.
· This event occurs when the UE transmits HARQ-ACK codewords (excluding DTX), but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Extra PHY retransmission probability 

· This criterion is based on message level. 
· This event occurs when the UE transmits ACK message on some carrier but the NodeB decodes it as NACK or DTX message. 
· RLC retransmission probability 

· This criterion is based on message level. 
· This event occurs when the UE transmits NACK or DTX message on some carrier but the NodeB decodes it as ACK message. 
Simulation results are shown in Figure 4, Figure 5 and Figure 6. Pfa denotes the probability of false alarm target. 
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Figure 4: Average mis-detection probability of HARQ-ACK design options
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Figure 5: Average extra PHY retransmission probability of HARQ-ACK design options
[image: image7.emf]-6 -5 -4 -3 -2 -1 0 1 2

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Average Extra RLC retransmission

SNR(db)

Perlc

 

 

Pfa=0.01 option1

Pfa=0.1 option1

Pfa=0.5 option1

Pfa=1 option1

Pfa=0.01 option2

Pfa=0.1 option2

Pfa=0.5 option2

Pfa=1 option2

Pfa=0.01 option3

Pfa=0.1 option3

Pfa=0.5 option3

Pfa=1 option3


Figure 6: Average RLC retransmission probability of HARQ-ACK design options
We have the following observations:

· The average mis-detection of option 1 and option 2 outperforms option 3. Option 2 outperforms option 1 by 0.4 ~ 0.6 dB and outperforms option 3 by 1.5 ~ 2 dB at 1% mis-detection.
· The average extra PHY retransmission probability of option 1 and option 2 outperforms option 3. Option 2 outperforms option 1 by 0.3 dB and outperforms option 3 by 1.7 dB at 1% extra PHY retransmission.
· The average RLC retransmission probability of option 1 and option 2 outperforms option 3. Option 1 outperforms option 2 by 1.6 ~ 1.8 dB at 0.01% RLC retransmission.
The SF256 options (option 1 and option 2) obviously outperform the SF128 option. Also, we can see that the codebook used in option 2 outperforms the codebook in option 1 in mis-detection and extra PHY retransmission metrics. Although option 1 outperforms option 2 in RLC retransmission metrics, this situation rarely happens. So in general, the codebook proposed in this contribution is better than the one used in option 1.
4 Conclusion 
In this contribution, we have proposed a new HARQ-ACK codebook for SF256 HS-DPCCH and compare its performance with the other codebook designs. From the simulation result, we can see that SF256 outperforms SF128 obviously and the HARQ-ACK codebook we proposed in this contribution outperforms the codebook proposed in [3]. We propose:
Proposal 1: Adopt Alt 2 1xSF256 HS-DPCCH scheme for the case of 3-carrier without MIMO configuration.
Proposal 2: Joint coding of HARQ-ACK messages of 3 carriers for the case of 3-carrier without MIMO configuration.
Proposal 3: Adopt the codebook proposed in this contribution for joint coding of HARQ-ACK messages.
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Annex: HARQ-ACK codebook
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