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1 Introduction
HS-DPCCH designs for 4C-HSDPA were discussed in RAN1#60 meeting. HS-DPCCH designs based on 1xSF128 structure have been discussed in [1][2]. In this contribution, we provide link-level analysis of bit-interleaving encoding, and POST codeword scheme.
2 Discussion
2.1 Simulation assumptions
Simulation assumptions are given in Table 1.
Table 1 Simulation assumptions

	Parameter
	Value

	Channel configuration 
	DPCCH；

HS-DPCCH1, corresponding to carrier 1 and carrier 2

HS-DPCCH2 , corresponding to carrier 3 and carrier 4

	Channel type
	AWGN, PA3, VA30

	HS-DPCCH schemes
	1xSF128

	HARQ-ACK codebook
	Rel-8 DC HARQ-ACK codebook

	Encoding fashion
	Concatenation, Bit-interleaving

	Using Post codeword
	No, Yes

	False alarm of non-DTX codewords
	1%, 10%, 30%, 100%

	TTI [ms]
	2ms

	Inter TTI ACK
	1

	Inter TTI CQI
	1

	N_acknack_transmit
	1

	N_cqi_transmit
	1


Notes: 
· HS-DPCCH1 and HS-DPCCH2 use TDM fashion for 1xSF128 scheme shown in Figure 1, which can be codewords concatenation fashion, or codewords bit-interleaving fashion shown in Figure 2, or any other possible fashions.
· For POST codeword scheme, the HARQ-ACK slot is DTX’d only if there is DTX on full slot, otherwise the DTX should be replaced by a POST codeword (to indicate DTX messages)..
· If POST codeword is applied, the receiver can ignore the full DTX case, as it hardly happens. The DTX is transmitted in the full HARQ-ACK field with up to 10-6 and 10-8 probability in the case of 3C-HSDPA and 4C-HSDPA respectively.
· Only HARQ-ACK detection performances are provided. A/A codeword is transmitted in HS-DPCCH1 and HS-DPCCH2 all the time for 4–activated-carrier case. And A or A/D codeword is transmitted in HS-DPCCH1 for 3–activated-carrier case.
· Mis-detection is defined as: one codeword being detected as other codewords or DTX.
· False alarm is defined as: the DTX being detected as any non-DTX codewords. False alarm =100% means ignoring the DTX (non-DTX detection).
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Figure 1 TDM of HS-DPCCH1 and HS-DPCCH2, concatenation codewords, 1xSF128 scheme
TDM fashion is used for HS-DPCCH1 and HS-DPCCH2, either concatenation fashion like Figure 1 or bit-interleaving fashion like Figure 2, or any other possible TDM fashions. The format of HS-DPCCH1 and HS-DPCCH2 are derived from Rel-9 HS-DPCCH format, i.e. 10 bits HARQ-ACK and 20 bits PCI/CQI.
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Figure 2 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128 scheme, bit-interleaving fashion 
2.2 Simulation results

2.2.1 Concatenation and Bit-interleaving encoding fashion
The mis-detection performances of A/A codeword of HS-DPCCH1 using concatenation and bit-interleaving fashion are shown in Figure 3 and 4.
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Figure 3 Mis-detection performances of A/A codeword, PA3 channel, non-DTX detection
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Figure 4 Mis-detection performances of A/A codeword, VA30 channel, non-DTX detection
Observation:
· Bit-interleaving fashion provides about 0.3dB gain at 1% mis-detection in PA3 channel, but no obvious difference in VA30 channel. The Bit-interleaving outperforms concatenation encoding fashion.
Proposal 1: Use Bit-interleaving encoding fashion for HS-DPCCH1 and HS-DPCCH2, if 1xSF128 scheme is adopted.

2.2.2 The performance of using POST codeword
The performance of using POST codeword is evaluated under the following scenarios.

· Scenario 1: SC codebook is transmitted on HARQ-ACK field of HS-DPCCH1 and any codebook on HS-DPCCH2, when data is transmitted on one carrier out of 1 or 2 activated carriers corresponding to HS-DPCCH1.
· Scenario 2: DC codebook is transmitted on HARQ-ACK field of HS-DPCCH1 and any codebook on HS-DPCCH2, when data is transmitted on both 2 activated carriers corresponding to HS-DPCCH1.

· Scenario 3: only DTX is transmitted, which corresponds to data not transmitted on any carrier.
It is expected to benefit from reducing DTX detection by using POST codeword, which is shown in Figure 5 and 6;
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Figure 5 Mis-detection performances of ACK codeword, AWGN channel, scenario 1
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Figure 6 Mis-detection performances of A/A codeword, AWGN channel, scenario 2
Observation:

· For scenario 1, using POST codeword obtains obvious gain in the case of SC codebook is used in HS-DPCCH1 or HS-DPCCH2. If MIMO codebook is used, the conclusion is expected to be similar to using SC codebook.
· For scenario 2, using Post codeword is not better than non-DTX detection performance, but still has up to 0.5 dB gain if detecting DTX at the receiver. 
· For scenario 3, using POST codeword would waste power to transmit POST codeword, which is not necessary for receiver.
· The simulation results imply that, in the case of data transmitted only on 3 carriers, obvious gain can be obtained if POST codeword is used; And in the case of data being transmitted on 4 carriers, using POST codeword may not be the best choice; however, in the case of data being transmitted only on up to 2 carriers, using POST codeword would waste power.
Proposal 2: Whether to use POST codeword for 1xSF128 HS-DPCCH shall be further studied.
3 Conclusion 

In this contribution, we provide link-level analysis of bit-interleaving encoding and usage of POST codeword, it is proposed as following based on simulation results,
Proposal 1: Use Bit-interleaving encoding fashion for HS-DPCCH1 and HS-DPCCH2, if 1xSF128 scheme is adopted.
Proposal 2: Whether to use POST codeword for 1xSF128 HS-DPCCH shall be further studied.
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