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1. Introduction

The 3GPP RAN1#60bis meeting made a conclusion for 4C-HSDPA in [1] as below,
· 3/4C activated with MIMO configured on 1 or more activated carriers: SF 128

· 4C activated where no carriers are configured with MIMO: Working assumption for SF 128; evaluation shall only consider existing proposals already made at RAN1#60bis. 

In this contribution, we would like to discuss the optimization design of 3C activated without MIMO configured on any carrier.
2. Discussion
2.1 HS-DPCCH design options for 3C-HSDPA
In general, there are 2 options for HS-DPCCH design for 3C-HSDPA according to different spreading factors.
· 1xSF256: Legacy HS-DPCCH format.
· 1xSF128: 
· A) apply repetition and bit-interleaving, equivalent scheme of 1xSF256; or
· B) share the design option of 4C activated with MIMO configured; i.e. the 3 carriers are divided into 2 groups, and TDM of HS-DPCCH1 (corresponding to group 1) and HS-DPCCH2 (corresponding to group 2); each of the HS-DPCCHs shares the same structure as Rel-9 format, i.e. 10 bits for HARQ-ACK, 20 bits for CQI.
For 1xSF128, the TDM of HS-DPCCH1 and HS-DPCCH2 can be concatenated or bit-interleaved or other possible fashion. 
There are several detailed designs for HARQ-ACK and CQIs listed as below.
For HARQ-ACK, 

· Option 1: 1xSF256, joint coding of messages of 3 carriers into 10 bits;
· Option 2: 1xSF128, apply repetition and bit interleaving, i.e. joint coding of 3C message into 10 bits, then repeat the 10 bits and apply interleaving fashion for the two 10-bit sequence;
· Option 3: 1xSF128, the same as the general scheme for 3/4C activated with MIMO configured on 1 or more activated carriers. Especially, it is assumed a DTX codeword is added to the DC codebook, which is provided in [2].  
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Figure 1  HARQ-ACK design options
For CQI, 

· Option 1: 1xSF256, 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, average minimum CQI feedback cycle = 3ms. 
· Option 2: 1xSF256, CQIs for 3 carriers are divided into 2 groups and transmitted time-multiplexed with each other using (20, 10) and (20, 5) RM coding respectively, minimum CQI feedback cycle = 4ms.
· Option 3: 1xSF128, apply repetition and/or bit interleaving, CQIs for 3 carriers are cross-combined as Option 1 (or the same pattern as Option 2).
· Option 4: 1xSF128, CQI for each carrier is coded independently, minimum CQI feedback cycle = 4ms;.
· Option 5: 1xSF128, an alternative scheme, CQIs for 3 carriers are divided into 2 groups and transmitted on separate slots, minimum CQI feedback cycle =2ms.

Note that, the chip output of HS-DPCCH based on option 3 can be the same as option 1 or option 2.
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 Figure 2  CQI design options
2.2 Analysis of HS-DPCCH design options
2.2.1 HARQ-ACK design

Simulations are used to evaluate the codebook performance of HARQ-ACK.

A simple model that
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 is used for the simulation, where s is a symbol of a codeword, h is fading factor, and n is random value with standard normal distribution, i.e. n ~ N(0, 1). Every 20 symbol is received and decided by Maximum Likelihood method. 
This model is simple and effective without the influence of receiver characteristic, e.g. searcher, channel estimation and etc., so that we can focus on the performance of codebook.

The SNR in the following figures is defined as
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As option 2 is expected to be the same as option 1, we only compare HARQ-ACK option 1 and option 3. 
Simulation Metrics are listed as below, 
· Mis-detection

· 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 (exclude 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 decoded 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 decoded it as ACK message. 
NOTE: In the simulations, we generate ACK, NACK, and DTX messages 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. The codebook (attached in Annex) for option 1 and 2 is scheme 3 provided in [3], and each 10-bit codeword is repeated to 20 bits as Option 2.
Simulation results are shown below. Pfa denotes the probability of false alarm.
[image: image5.png]Pm

Average mis-detection

01 Option 1
02 Option 1
—&— Pfa=0.1 Option 1
2,Option 1
5.Option 1
Option 1

01 Option 3
02 Option 3
1.Option 3
~ O Pfa=02 Option 3
5.0ption 3
Option 3

El 0 1 2 3 4 5




Figure 3 Average mis-detection probability of HARQ-ACK design options
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Figure 4 Average extra PHY retransmission probability of HARQ-ACK design options
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Figure 5 Average RLC retransmission probability of HARQ-ACK design options
Observations:
· The average mis-detection of option 1 outperforms option 3 by 1 ~ 2 dB at 10-2 from Pfa = 1% to Pfa =100%.

· The average extra PHY retransmission probability of option 1 outperforms option 3 by 0.4 ~ 1.6 dB at 10-2 from Pfa = 1% to Pfa =100%.

· The average RLC retransmission probability of option 1 outperforms option 3 by 2.1 ~ 4 dB at 10-4 from Pfa = 1% to Pfa =100%.

The reason of 1xSF256 (or 1xSF128 with repetition and bit interleaving) outperforming 1xSF128 with concatenating is that the minimum code distance of joint coding 1xSF256 (or 1xSF128 with repetition and bit interleaving) is 4 out of 10 (or 8/20), while the minimum code distance of 1xSF128 with concatenating is only 4 out of 20.
As the UE transmitted DTX in all HARQ-ACK field in the case of 3-carrier HSDPA with data scheduled on all carriers at the probability of up to 10-6 (assume 10-2 for each carrier transmitting DTX message). There is no reason to restrict the false alarm of codewords to be 1%. Even 100% false alarm is acceptable. 
From the observation above, the option 1 is obviously better than option 3

2.2.2 CQI design

For Option 1 
Only (20, 10) RM coding is used, hence the transmitted power is X+2dB, where X is corresponding to the transmitted power for Rel-5 (20, 5) RM coding. The working mechanism is to specify where/when the CQI of each carrier is transmitted. Here is an example: we can transmit the first combined CQI for carrier 1 and carrier 2 in each subframe that starts m(256 chips after the start of the associated uplink DPCCH frame with m fulfilling, 
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Wherein, “k” is the CQI feedback cycle signalled by the higher layers. The other combined CQIs are followed by the first combined CQI, and start at k and 2k after the 1st combined CQI, respectively.
For Option 2
As (20, 10) RM coding is used for CQI1+CQI2, the transmitted power is X+2dB, and the transmitted power for CQI3 can be set to X dB. However, as discussed in [4], it is complicated to have different CQI power setting for different carrier and also does not bring obvious benefits for UE headroom. 
We can transmit the combined CQI for carrier 1 and carrier 2 in each subframe that starts m(256 chips after the start of the associated uplink DPCCH frame with m fulfilling,

[image: image10.wmf]é

ù

(

)

0

2

mod

7680

256

5

=

¢

´

+

´

）

（

k

chip

chip

m

CFN

 with 
[image: image11.wmf])

2

(

ms

k

k

=

¢

,
And the CQI for carrier 3 starts at k after the combined CQI for carrier 1 and 2.
For Option 3
The transmitted power is X+2dB, the same as Option 1 and Option 2. The spreading factor can keep the same as the HS-DPCCH design for 4C activated with at least one MIMO configured.
For Option 4
The transmitted power is X+3dB due to the reduction of the spreading factor, and the minimum CQI cycle is 4 ms. If quantized C/P values are considered, the transmitted power would be X+4dB. Hence, it may not been a good choice for CQI design.
The 1st CQI for carrier 1 can be transmitted in each subframe that starts m(256 chips after the start of the associated uplink DPCCH frame with m fulfilling,
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And the CQI for carrier 3 is transmitted in the last slot of the same subframe with the CQI for carrier 1, and the CQI for carrier 2 starts at k after the start of CQI for carrier 1
For Option 5
The transmitted power is X+5dB, as (20, 10) RM coding is used and the spreading factor is reduced. The minimum CQI cycle is 2 ms. If quantized C/P values are considered, the transmitted power would be X+6dB. 
The 1st combined CQI for carrier 1 and 2 can be transmitted in each subframe that starts m(256 chips after the start of the associated uplink DPCCH frame with m fulfilling,
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And the CQI for carrier 3 is transmitted in the last slot of the same subframe with combined CQI for carrier 1 and 2.
Comparisons can be observed among the five options in Table 1.
Table 1 Comparison of CQI options
	Options
	Power offset
	Minimum CQI cycle
	Throughput loss

	1
	X+2dB
	3 ms
	1％

	2
	X+2dB
	4 ms
	2％

	3
	X+2dB
	3~4 ms
	1%~2%

	4
	X+3dB*
	4 ms
	2%

	5
	X+5dB*
	2 ms
	0


Note: if quantized C/P values are considered，Option 4 may need X+4dB and Option 5 may need X+6dB to insure the decoding performance of CQI. For the throughput loss, we regard the 2ms CQI feedback cycle as baseline.
Observation, 
· Option 1, 2, and 3 are preferred as lower power level is required for CQI transmission. 

· As the minimum CQI cycle for option 1 is 3 ms, which benefits the DL throughput, our preference is Option 1, comparing with Option 2.

3. Conclusion
In this document we discussed HS-DPCCH design for 3C-HSDPA. Based on gains analysis of 1xSF256 HARQ-ACK joint coding option and benefits of different CQI feedback schemes, we propose,
Proposal 1: Joint coding of HARQ-ACK messages of 3 carriers for the case of 3-carrier without MIMO. 
Proposal 2: Adopt cross-combined CQI feedback scheme for the case of 3-carrier without MIMO.

Proposal 3: Apply 1xSF256 HS-DPCCH scheme for the case of 3-carrier without MIMO.
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Annex: HARQ-ACK codebook
The DTX codeword used in this contribution is [0
0
1
1
0
1
1
0
1
0], provide in [2]. And the HARQ-ACK codebook is defined in [3].
Table 2 HARQ-ACK codebook copied from R1-101033
	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A/D
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	D/N/D
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	D/D/A
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0

	D/D/N
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1

	A/A/D
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0

	A/N/D
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0

	N/A/D
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

	N/N/D
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0

	A/D/A
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1

	A/D/N
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1

	N/D/A
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

	N/D/N
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1

	D/A/A
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1

	D/A/N
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0

	D/N/A
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0

	D/N/N
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1

	A/A/A
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1

	A/A/N
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0

	A/N/A
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1

	A/N/N
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	N/A/A
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0

	N/A/N
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	N/N/A
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1

	N/N/N
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
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