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1. Introduction

In the RAN1#61 meeting, HS-DPCCH design for 3C without MIMO had been further discussed in [1] [2]. And it is still not decide whether the HS-DPCCH would apply SF128 or SF256. 
In this contribution, we further discuss on this issue of 3C-HSDPA without MIMO.
2. Discussion
2.1 Benefits of SF256 for 3C-HSDPA without MIMO
At last RAN1 meeting, companies agreed to further discuss the following options and codebook,

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
As has been discussed before in [2][3][4][5][6], Alt 2 SF256 is a promising scheme of HS-DPCCH design for 3C-HSDPA without MIMO. In [5], simulation results are provided with mis-detection (including error-decoding), extra PHY retransmission, and RLC retransmission probability from 1% false alarm to 100% false alarm. The gains of SF256 scheme to SF128 scheme are shown in Table 1. 
Table 1 Gains of SF256 solution to SF128 solution, scheduling data on all 3 carriers
	False alarm
	Mis-detection

at 10-2
	Extra PHY retransmission

at 10-2
	RLC retransmission

at 10-4

	1%
	0.8dB
	0.4dB
	4dB

	10%
	1.7dB
	1.0dB
	2.5dB

	100%
	2.1dB
	1.6dB
	2.2dB


Note: Data in Table 1 is obtained from Figure 3-5 in [5]. 
For the case that data is scheduled on 1 carrier, SF256 outperforms SF128 by 3 dB.

For the case that data is scheduled on 2 carriers and the HARQ-ACK messages for the 2 carriers are mapped to the same half slot (joint coded to a 10-symbol-length codeword) of SF128 HS-DPCCH, SF256 also outperforms SF128 by 3 dB.

For the case that data is scheduled on 2 carriers and the HARQ-ACK messages for the 2 carriers are mapped to the different half slot of SF128 HS-DPCCH, SF256 would also be better than SF128. 
· (The minimum code distance) / (the code length) = 4 / 10 for SF256 scheme. 
· (The minimum code distance) / (the code length) = 3 / 20 for SF128 scheme. E.g. the distance of A/A with A/D, 

· The A/A is concatenated by two ACK codewords defined by Rel-5, and A/D is concatenated by an ACK codeword and a DTX codeword. 

· The distance of DTX codeword (PRE or POST) with ACK codeword is 3.

Hence we could conclude that SF256 is superior to SF128 scheme for HS-DPCCH in all sub-cases of 3C-HSDPA without MIMO.
We highlight the significant impact of evaluation metrics on system performance below.
For extra PHY retransmission:
· Extra delay of data transmission

· Impact on the BLER calculation, and then might decrease the CQI value, 
· The throughput would be impacted by the reasons above.

For RLC retransmission:

· Extra large delay of data transmission, so traffics like TCP would be significant impacted

· Data rate may be reduced because of RLC retransmission

· The throughput would be impacted by the reasons above.

For average mis-detection:

· Including the extra PHY error, RLC error and others.

· A tradeoff criterion.

The extra PHY and the RLC retransmission should be limited at a reasonable level. 
From the RLC retransmission point of view, the SF128 scheme may need 2.2~4 dB more power to get the same RLC retransmission level, which would impact on the UL load and UE power saving. Otherwise, the DL throughput would be significant impacted. 
The average mis-detection of SF128 is about 2~4 times higher than that of SF256. When the SF256 gets to 1% average mis-detection, the SF128 gets to about 4% (false alarm = 10%, observed from Figure 3 in [5]). The higher mis-detection would impact on the DL throughput with a loss of about 3%.
2.2 Robustness
The robustness has been highlighted as an important issue for the HS-DPCCH design, especially for the HARQ-ACK design. SF256 scheme was argued not robust when the UE and Node B are loss of synchronization on carrier activation/deactivation status. However, we observe that:

· The robustness problem occurs if the information of carriers is remapped or the codebook is changed after carrier activation/deactivation. It is independent of spreading factor selection or codebook design.
· Under the assumption that the UE would change codebook when deactivated carriers from 3 carriers, neither SF256 nor SF128 scheme is robust enough even the codebook is backward compatible with DC codebook.

· For instance, if the 1st secondary carrier is deactivated, the information of primary carrier and the 2nd secondary carrier would be joint encoded. The out of synchronisation between the Node B and UE would cause missing message of the 2nd secondary carrier. 
· If the codebook is not allowed to change and the information of carriers is not remapped, the SF256 scheme would never suffer the robustness problem, while SF128 still suffers.
· The UE would transmit a codeword from the codebook for 3C without MIMO with a DTX message for the carrier is deactivated.

· For the SF128 scheme, the information of 2 carriers should be joint encoded and apply repetition; otherwise, it would suffer 3dB loss of decoding performance.

Therefore, for the sake of robustness, it is a better way to keep using existing HARQ-ACK codebook rather than to change to the corresponding old release one after deactivation.
Furthermore, we also propose another solution to solve the robustness of HS-SCCH orders in a companion paper [7]. If the proposal in [7] is adopted, i.e. the feedback for HS-SCCH order is reconsidered, robustness problem would not occur no matter change codebook or not. 
Therefore, the robustness of the SF256 solution is to some extent better than SF128 solution.
3. Conclusion
SF256 scheme is more attractive than SF128 scheme for 3C-HSDPA without MIMO, as not only does SF256 provide gains of mis-detection but also considerable gains of RLC retransmission in all sub-cases of 3C-HSDPA. The SF256 solution also outperforms SF128 under the consideration of robustness. Hence we proposed that:
Proposal: Adopt SF256 for HS-DPCCH of 3C-HSDPA without MIMO configured.
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5. Annex
The Figures 3 ~ 5 in [5] are copied and pasted here.

· Option 1: 1xSF256, joint coding of messages of 3 carriers into 10 bits;
· Option 3: 1xSF128, the same as the general scheme for 3/4C activated with MIMO configured on 1 or more activated carriers. And, a DTX codeword is added to the DC codebook.
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. 
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Figure 3 in [5] Average mis-detection probability of HARQ-ACK design options
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Figure 4 in [5] Average extra PHY retransmission probability of HARQ-ACK design options
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Figure 5 in [5] Average RLC retransmission probability of HARQ-ACK design options






