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1.
Introduction

The RAN meeting #46 approved a new work item tasking the working groups to specify 3-4 cell HSDPA operation in combination with MIMO [1]. This doubles the required uplink feedback from that of Release 9 Dual-Cell HSDPA with MIMO. This contribution looks into the most obvious options for extending the HS-DPCCH to meet the new requirement.
2.
Discussion

Even though more exotic approaches deviating further away from what has been defined in 3GPP release 9 can for sure be found, in this contribution we consider the following options seen closest to the existing physical layer design for the uplink feedback channel.

1. Duplication of Rel-9 DC-HSDPA + MIMO HS-DPCCH channel

a. Code multiplex the two HS-DPCCHs

b. Frequency multiplex the two HS-DPCCHs, requiring simultaneous DC-HSUPA operation

2. A single HS-DPCCH using SF128

2.1
Dual SF256 HS-DPCCH

A design principle for two SF256 HS-DPCCHs would be very straight forward, simply transmit two Release 9 compatile HS-DPCCHs in the uplink when more than 4 transport blocks may be received by a UE.
A) Code multiplex the two HS-DPCCHs

When moving from the Release 8 single SF256 HS-DPCCH design that was finally specified for DC-HSDPA to Dual SF256 HS-DPCCH we face the very same problematics that were already analysed when the HS-DPCCH design for DC-HSDPA was developed. A cubic metric analysis for some promising code combinations for Dual SF256 HS-DPCCH with different gain factors was contributed to RAN1#53bis e.g. in [2,3]. Further analysis on the case where UL DPDCH is preset was contributed to RAN1#54 [4]. The minutes of the two meetings conclude the agreements [5,6]:
Table 1: Code multiplexing of HS-DPCCH as initially agreed for DC-HSDPA

	
	HS-DPCCH1 (as in Rel-6)
	HS-DPCCH2

	UL DPDCH not configured
	Cch,256,33,Q
	Cch,256,33,I

	UL DPDCH configured
	Cch,256,64,Q
	Cch,256,32,Q


The difference between the Release 8 studies for Dual SF256 HS-DPCCH and the ones carried out for 4-Carrier HSDPA with MIMO differ only in the required gain factor. The analysis the initial Release 8 agreements were based on looked at a range of gain factors and could be seen as applicable to the Dual SF256 HS-DPCCH for 4-Carrier HSDPA with MIMO, should this be the final choice.
B) Frequency multiplex the two HS-DPCCHs

The natural solution for frequency multiplexing would be to use the Rel-9 HS-DPCCH design on two separate uplink carriers using the same channelization code defined already in Release 6. The difference in transmitter cubic metric to the single carrier HS-DPCCH solution should be evaluated to understand the potential benefits of the frequency multiplexing design. Cubic metric results in [8] show that although cubic metric for frequency multiplexing is lower than for code multiplexing in some cases it is always higher than cubic metric of single code SF 128 solution. On the other hand, as per the earlier agreement and written in the WI description [1], “3-4 carriers HSDPA is independent of DC-HSUPA and thus it should be compatible with single UL carrier operation.”, this option cannot exist as the sole solution as it can only operate together with DC-HSUPA. Thus going to a frequency multiplexing two HS-DPCCHs would need to be justified by significant gains when a single carrier solution must be defined regardless. Hence, based on the above we do not consider frequency multiplexing of two HS-DPCCHs any further.
2.2
Single SF128 HS-DPCCH

The Release 8 DC-HSDPA work was heading towards two separate HS-DPCCHs until it was discovered that the uplink power requirement is dominated by the DTX detection of the HARQ-ACK field and thus there was a clear power benefit in selecting a single code solution instead of code multiplexed solution.

A contribution to RAN1#54bis showed that a single code HS-DPCCH design outperformed the dual code designs in CM perspective [7]. Even though SF128 design requires larger code power, it is likely that the CM benefits of a single code design do not disappear. The difference in transmitter cubic metric to the Dual SF256 HS-DPCCH solution should be evaluated to understand the potential benefits of the single SF128 HS-DPCCH design. Results in [8] show that cubic metric of single code SF128 solution is lowest in all evaluated cases.

The downside of the SF128 HS-DPCCH is that the new code words need to be designed for ACK/NACKs in case joint ACK/NACK coding approach adopted in rearlier releases is to be extended for 4-carrier HSDPA. Problem with the joint coding is that complexity of such solution is increasing quite heavily since number of code words is increased from 50 in Rel-9 to the order of 2400 in 4-carrier MIMO. 
Another approach for ACK/NACK coding could be concatenating two Rel-9 ACK/NACK code words in first slot of HS-DPCCH transmission. Although performance of such a scheme would not be as good as joint coding it would probably be similar or better than performance of dual SF256 code solution. Difference between the two would be that cubic metric benefits of single code solution could be realized by concatenating two ACK/NACK fields to a single SF128 code. 

The CQIs could be time multiplexed to a single slot with the existing code word design, or a joint coding or interleaving approach could be introduced. Nevertheless usage of SF128 appears to be somewhat more laboursome than a simple duplication of SF256 HS-DPCCH. There are potential gains achievable in this though that may justify a single SF128 HS-DPCCH, but further analysis is needed.
3
Conclusions
Cubic metric results in [8] show that in cubic metric sense, single code SF128 scheme would be the best option as a HS-DPCCH solution for 4 carrier HSDPA. However, it seems that complexity of joint ACK/NACK coding would be rather high for the 4-carrier MIMO case and hence it would be beneficial to be avoided if possible. The simplest HS-DPCCH solution for 4 carrier HSDPA would be duplication of SF256 HS-DPCCH but further analysis of SF128 solution seems to be necessary.
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