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1
Introduction

A work item to specify 4-carrier HSDPA was recently opened [1]. RAN WG1 is tasked to specify physical layer changes that result from use of up to 4 carriers on the downlink with MIMO potentially configured in each of them and up to 2 carriers on the uplink. The carriers may be configured across a maximum of 2 bands on the downlink were as dual carrier operation on the uplink is indicated to be in a single band. It is also indicated that there should be single carrier support on the uplink even if 4 carriers with MIMO ion each carrier were configured on the downlink. 

In [2], we discussed at a high level the A/N design for MC-HSDPA (3, 4 carriers) assuming both single and dual channelization codes. More detail was provided in [3] and [4] about each of the design options. In this contribution, we provide an overview of the design options and the analysis required to arrive at a solution.
2
HS-DPCCH A/N Design Options
The following are the design options that can be considered for 4C-HSDPA (see Figure 1):

· Dual Channelization Codes

· This option includes I/Q multiplexing or code multiplexing of the dual channelization codes.
· One of the advantages of this scheme is that the existing HS-DPCCH code design as of Release 9 can be reused for both ACK/NACK and CQI. Note that it was agreed in the previous RAN WG1 meeting that existing codebooks should be used as much as possible unless compelling reasons/analysis can be provided for alternate schemes.
· Single Channelization Code

· New channel coding schemes

· This option offers some challenges in that the number of new codewords that need to be designed is quite large (626 in the case of MIMO on all 4 carriers; see [3]). 
· Even if a linear block code (N, K) can be chosen to accommodate all the codewords, the mapping between the codewords and combinations of ACK and NACK on each stream in each carrier needs to be determined. 

· Spreading Factor Reduction

· While one could consider developing new codebooks under this option, existing codebooks can potentially be re-used as well. We propose that since the link performance of the existing codebooks has been evaluated and found to be acceptable, we continue to use the available codebooks/codewords for this option. We could also potentially reuse existing CQI coding schemes (20,5), (20,7) and (20,10)
· A suitable OVSF code however needs to be assigned in this case. This required cubic metric analysis to arrive at such a code.

As a starting point we propose that the dual channelization code option and spread factor reduction be considered as design choices for further evaluation.
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Figure 1: HS-DPCCH Design Options for DC-HSDPA

3
Dual Channelization Codes
The dual channelization code design was first proposed and even briefly specified in Rel-8 for DC-HSDPA [5]-[8]. A thorough cubic metric analysis was conducted in [9]-[11]. 

The code choice made at the time based on the cubic metric analysis conducted can be summarized in Table 1

Table 1: Dual Channelisation code for the HS-DPCCH channel.

	Nmax-dpdch
	Channelisation code chs
for HS-DPCCH1
	Channelisation code chs
for HS-DPCCH2

	0
	C ch,256,33 on Q
	C ch,256,33 on I

	1
	Cch,256,64 on Q
	Cch,256,32 on Q

	2,4,6
	Cch,256,1  on I
	N/A

	3,5
	Cch,256,32 on Q
	N/A


An uplink coverage study [12], [13] revealed an impact in link budget due to transmission of HS-DPCCH on two separate channelization codes for DC-HSDPA. Consequently, a single code solution was chosen for Rel.8. 

We could reconsider the same dual code solution for HS-DPCCH design for 4C-HSDPA since a comprehensive study was already conducted in this regard.
4
On the Benefits of a Single Channelization Code

In addition to any link budget benefits that a single code has over a dual channelization code solution, it has been shown in [15] that a single code offers some additional link level gains over the dual code. 

Specifically, it was determined that when low false alarm targets are considered (of the order of 0.1%), the miss-detection error event dominates all other errors and the single code schemes performs better in this regard. The following conclusion was made in [15]

For the range of HS-DPCCH/DPCCH power ratios studied, the dominant errors observed for the dual code case is the error event due to the DTX hypothesis. Since the false alarm rate is so low (0.1%), no NACK( ACK errors were observed on either stream.
A similar conclusion was reached for the single code case as well. 

However, it is conceivable that system operating point could have higher false alarm targets. Under these conditions, the decoding error probabilities of the code words attain higher significance. Indeed, in [16], it was shown that a 2dB increase in HS-DPCCH power would be required to overcome the higher decoding error probabilities at higher false alarm operating points.
Therefore, a link level analysis is required to evaluate the performance of a single code over the dual channelization code solution for different false alarm targets. The single code solution may be either a code with SF128 or SF256.
5
Performance Evaluation
Based on the sections above, it is considered that a solution can be obtained once the following evaluation has been completed.
· Cubic Metric Analysis.

· Since the cubic metric determines the backoff that needs to be applied at the UE, the link budget is directly affected. A cubic metric comparison between dual and single channelization code solutions needs to be conducted so that an informed choice can be made.

· Link level analysis

· If we assume that the existing codebooks are used for both the single channelization code solution (SF128) and for the dual channelization code, the decoding error performance of the codewords is the same in both cases. 

· However, a miss-detection/false alarm study needs to be conducted to evaluate the benefit of one scheme over another.

· If other solutions are proposed, the decoding error rate in combination with the cubic metric and the miss-detection errors needs to be evaluated and compared with the above solutions. The performance of any new solution is required to be significantly better than the options provided above to merit serious consideration.

Therefore, it is proposed that the above analysis is conducted for the HS-DPCCH A/N design options for 4C-HSDPA.
6
HS-DPCCH CQI Design
Similar design options exist for HS-DPCCH CQI transmissions for 4C-HSDPA as for the A/N transmissions. The design options are 
· Single Channelization Code

· Spreading Factor Reduction

· Consider minimum CQI feedback cycle > 1 TTI

· Dual Channelization Codes

· Reuse existing HS-DPCCH code design as of Release 9
· Single Channelization Code

· New channel coding schemes

A detailed analysis of the possible code re-use options is given in [4] and is summarized in Section 3.1.5 in [17]. In the case of single channelization code with SF128 and the dual channelization code, the minimum CQI feedback cycle varies from 1 to 2. Since a feedback cycle of 2 was considered acceptable in Rel.9, we consider that a choice between single and dual channelization code solutions would also determine the CQI coding solution. Figures 2 and 3 show examples of a feedback cycle of 1.5 for the single code with SF128 and dual channelization code solutions respectively.
A new CQI reporting scheme or a new codebook should be shown to perform significant better than the solutions depicted in [4] to merit serious consideration.
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Figure 2: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #7,                                  4 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 3: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #7,                    4 DL carriers are configured and MIMO is configured in 2 carriers
3
Conclusions

In this contribution, we provide an overview of the HS-DPCCH design options and note the analysis required to arrive at a solution. In particular, the method of using dual channelization codes and using a single channelization code with a reduced spreading factor was discussed.

New codebooks for A/N or CQI should be shown to perform significant better than the solutions that re-use existing codebooks to be considered as valid candidates.
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