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1 Introduction
RAN1#59bis agreed on the following way forward for the HS-DPCCH design for 4C-HSDPA work item [1]:
· HS-DPCCH code design for case when 4 carriers are configured

· Alternatives presented:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice  between 1xSF128 and 2xSF256 is to be made at RAN1#60. 

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

· FFS whether optimisations are needed / justified for special cases (e.g. 3 carrier case). 

· FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated.

This contribution repeats some of the proposed design requirements expressed in an earlier contribution [2] and describes a solution based on 1xSF128 in more detail.
2 Discussion
2.1 Design requirements
4C-HSDPA operation should be supported in combination with 1-2 carriers configured in uplink. This means that it must be possible to map the HSDPA feedback channel (HS-DPCCH) onto a single uplink carrier.

The HS-DPCCH subframe structure used in all earlier releases consists of a 1-slot HARQ-ACK field followed by a 2-slot CQI field. Changing this subframe structure could have significant impact on e.g. HARQ protocol timing budget, CQI measurement period and DTX/DRX pattern definitions. Therefore we think that the overall subframe structure should be kept unless there are strong reasons to do otherwise.

Proposal 1: The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

In earlier releases, it has been possible to map all HARQ-ACK and CQI/PCI information to a single HS-DPCCH code with spreading factor (SF) 256. We assume that 4C-HSDPA will increase the amount of feedback information to a point where a single SF256 will no longer be enough. It is reasonable to assume that the amount of feedback information that needs to be handled will be doubled compared to Rel-9 DC-HSDPA-MIMO. In our view, the minimum CQI feedback cycle can be the same as in Rel-9 DC-HSDPA-MIMO, i.e. 4 ms.

Proposal 2: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO).

In our view, the most attractive solutions for 4C-HSDPA is to either go down from SF256 to SF128 or to use two I/Q multiplexed HS-DPCCHs with SF256 and the same channelization code. In both these cases, it will be possible to despread the HS-DPCCH(s) in Node B using a single despreader. Other solutions, where two SF256 are mapped to different channelization codes, would require two despreader operations instead of just a single one in the Node B receiver.

Proposal 3: The HS-DPCCH information is mapped to a single channelization code – either on a single SF128 or two I/Q multiplexed SF256 with the same channelization code.

It has been shown [3] that solutions with two I/Q multiplexed HS-DPCCHs mapped to the same channelization code may result in a relatively large cubic metric and hence require a relatively large power back-off. The solution with a single HS-DPCCH with SF128 should not have these problems. According to the results presented so far [4]
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[5], the solution with a single SF128 has attractive cubic metric properties. In any case, the SF128 solution will probably result in fewer unpleasant surprises than the 2xSF256 solution.

Proposal 4: The HS-DPCCH information is mapped to a single SF128.

Secondary carriers can be activated and deactivated dynamically by NodeB using HS-SCCH orders. Rel-8/9 DC-HSPA operation with the secondary carrier deactivated results in similar uplink control channel overhead and similar uplink coverage as in the Rel-5/6/7 single-carrier case. It is desired that also 4C-HSDPA operation with all secondary carriers deactivated gives similar uplink coverage as single-carrier operation.

Proposal 5: The uplink coverage when all secondary carriers are deactivated should be comparable to the uplink coverage in single-carrier operation.

2.2 Solution based on 1xSF128

RAN1 has expressed that already specified codebooks should be re-used unless it can be shown that doing otherwise has clear performance benefits. Figure 1 illustrates the HS-DPCCH format using 1xSF256 currently specified for Rel-9 DC-MIMO, where “A/N x” and “CQI/PCI x” denote the ACK/NACK and CQI/PCI fields for carrier x, respectively.
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Figure 1: The HS-DPCCH format using 1xSF256 specified for Rel-9 DC-MIMO.

The straightforward way to re-use already specified codebooks for e.g. Rel-9 DC-MIMO while still managing to squeeze in all feedback information needed for 4C-HSDPA on a single HS-DPCCH code of SF128 is to apply time multiplexing. Figure 2 shows how the Rel-9 DC-MIMO solution can be re-used by time multiplexing the corresponding information fields onto a 1xSF128.
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Figure 2: An HS-DPCCH format using 1xSF128 supporting 4C-HSDPA.
It is assumed that the ACK/NACK codebooks and PCI/CQI coding from Rel-9 DC-MIMO are re-used without modifications. The increased required power to achieve similar reception performance (~3 dB) is illustrated by the increased height in the figure. Different CQI feedback cycles for different carriers can be supported if this would be desired.
Proposal 6: The feedback information is mapped to a 1xSF128 by time multiplexing Rel-9 DC-MIMO information fields.
The field “A/N 1+2” would only be transmitted when the UE detects transmissions on carrier 1 and/or 2. Likewise, the field “A/N 3+4” is only transmitted when the UE detects transmissions on carrier 3 and/or 4.

If we would allow ourselves to add a DTX code word to the existing ACK/NACK codebook, the ACK/NACK detection performance can be improved by transmitting the DTX code word instead of actually DTX’ing one of the fields and transmitting the other. This means that the receiver can always add the energy received in the fields “A/N 1+2” and “A/N 3+4” before comparing with the DTX threshold. However, we do not see an absolute need for such a DTX code word.
2.3 Deactivated carriers

NodeB can deactivate (and re-activate) any secondary carrier(s) dynamically using HS-SCCH orders. When a secondary carrier is deactivated, there is no need to transmit ACK/NACK and PCI/CQI information corresponding to that carrier. However, in order to minimize the impact of potential error cases related to the HS-SCCH orders (when the UE misses an HS-SCCH order or the NodeB misses an ACK of an HS-SCCH order), a guiding principle in Rel-8/9 DC-HSDPA has also been that it is desired that the same ACK/NACK codebooks are used regardless of whether the secondary carrier is activated or not.
In order to avoid complicated and error-prone rearrangements of the mapping between the up to 4 carriers and the different HS-DPCCH information fields in Figure 2, we propose the following semi-static mapping:
· Carrier 1 corresponds to the serving HS-DSCH cell.
· Carrier 2 corresponds to the secondary serving HS-DSCH cell from Rel-8/9 which may have a corresponding secondary uplink frequency.
· Carriers 3 and 4 are additional secondary serving HS-DSCH cells which may not have corresponding secondary uplink frequencies.
Proposal 7: The feedback information for the serving HS-DSCH cell is always mapped to the first field (as in Rel-8/9).
Proposal 8: The feedback information for the first secondary serving HS-DSCH cell (the one which may have a corresponding secondary uplink frequency) is always transmitted right after the feedback information for the serving HS-DSCH cell (as in Rel-8/9).
If only carriers 3 and 4 are deactivated but carrier 2 is activated, the information for carriers 1 and 2 can be repeated and the power level can be reduced in order to achieve similar uplink coverage as for Rel-9 DC-MIMO. This is illustrated in Figure 3, where gray shadowing marks fields that are just repetitions of the immediately preceding field.
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Figure 3: Scenario with carrier 3 and 4 deactivated and a CQI feedback cycle of 4 ms.
Proposal 9: In case carriers 3 and 4 are deactivated, the feedback information for carriers 1 and 2 is repeated.

The scenario when all secondary carriers are deactivated is illustrated in Figure 4, where gray shadowing marks fields that are just repetitions of the immediately preceding field.
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Figure 4: Scenario with all secondary carriers deactivated.
Proposal 10: In case all secondary carriers are deactivated, the feedback information for carrier 1 is repeated.

If we would allow ourselves to introduce a DTX code word in the ACK/NACK code book, as mentioned in previous section, then this DTX code word could be transmitted in the “A/N 3+4” field instead of a repetition of “A/N 1+2”. This would help the overall detection performance but not the decoding performance for the “A/N 1+2” part. Our preference is to do the repetition rather than introducing a DTX code word.
It has recently been proposed to specify that Rel-9 DC-MIMO should be able to support a CQI feedback cycle of 2 ms when the secondary carrier is deactivated. As can be seen, the case illustrated in Figure 4 would be able to support a CQI feedback cycle of 2 ms if this would be desired. Even the case in Figure 3 would be able to support a CQI feedback cycle of 2 ms if the power on the CQI field is increased, as illustrated in Figure 5.
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Figure 5: Scenario with carrier 3 and 4 deactivated and a CQI feedback cycle of 2 ms.
3 Conclusions
Proposal 1: The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.
Proposal 2: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO).
Proposal 3: The HS-DPCCH information is mapped to a single channelization code – either on a single SF128 or two I/Q multiplexed SF256 with the same channelization code.
Proposal 4: The HS-DPCCH information is mapped to a single SF128.
Proposal 5: The uplink coverage when all secondary carriers are deactivated should be comparable to the uplink coverage in single-carrier operation.
Proposal 6: The feedback information is mapped to a 1xSF128 by time multiplexing Rel-9 DC-MIMO information fields.
Proposal 7: The feedback information for the serving HS-DSCH cell is always mapped to the first field (as in Rel-8/9).
Proposal 8: The feedback information for the first secondary serving HS-DSCH cell (the one which may have a corresponding secondary uplink frequency) is always transmitted right after the feedback information for the serving HS-DSCH cell (as in Rel-8/9).
Proposal 9: In case carriers 3 and 4 are deactivated, the feedback information for carriers 1 and 2 is repeated.
Proposal 10: In case all secondary carriers are deactivated, the feedback information for carrier 1 is repeated.
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