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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 contribution takes a more detailed look at how the HS-DPCCH can be constructed with a single SF128 code to support 4 carrier HSDPA operation with MIMO following guidelines presented in [2].
2.
Discussion
HS-DPCCH solution for 4 carrier HSDPA has already been discussed in couple of RAN1 meetings and following decisions have been made:

· The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.
· The minimum CQI feedback cycle with 4 activated carriers is 4 ms. FFS for other cases. 

· For the case of 4C with MIMO Rel-9 HS-DPCCH codebooks should be re-used

· For at least the case of 3C without MIMO special attention should be given to optimisation

The following points are also taken as design targets for HS-DPCCH:
· Minimum CQI feedback cycle is 4ms for MIMO and 2ms for non-MIMO similarly as in dual cell HSDPA
· The existing HARQ-ACK and CQI code mappings are used as much as possible

· The HS-DPCCH transmission needs to adapt to the activation status of the DL carriers in such a way that e.g. if only two DL carriers are active the HS-DPCCH should not need more Tx power than with existing specifications for DC-HSDPA operation.

HS-DPCCH coding schemes for 4,3,2 and 1 carriers in MIMO mode are shown in Figure 1 - Figure 4. Schemes are assuming usage of spreading factor 128 and concatenation of legacy ACK/NACK and CQI codes. Already agreed 4ms CQI reporting period has been used for all MIMO cases since it is a straightforward solution for 3 and 4 carriers and reporting period is not assumed to be changed when carriers are deactivated. 
Proposal 1: SF 128 should be used when 3 or 4 carriers are configured.
Proposal 2: 4ms minimum CQI reporting period should be used when MIMO is configured similarly as in dual cell.
Note that 3-carrier scheme in Figure 2 can be caused by deactivation of the fourth carrier or configuration to 3-carrier mode whereas dual carrier in Figure 3 and single carrier in Figure 4 are caused by deactivation of secondary carriers. Same scheme is anyway used for both cases. In deactivation case it could be justifiable not to use repetition for composite CQI/PCI report for carrier 3 but since leaving it out does not seem to provide much benefit either it is proposed that same scheme is applied to both cases. If UE is configured to single or dual carrier mode it is assumed that legacy SF 256 coding schemes are used.
For 2 carrier case in Figure 3 usage of Rel-7 ACK/NACK codebooks would also be possible, repetition with Rel-9 codebooks is here used to show that comparable performance to Rel-9 can be achieved for dual cell with MIMO.

It is proposed that repetition is used as much as possible in case carriers are deactivated or UE is configured to 3 carriers. This way performance quite similar to legacy HS-DPCCH can be achieved e.g. in dual carrier case without changing spreading factor on a fly when deactivating carriers. Repetition can not, however, be used for ACK/NACK in case some of the carriers are not scheduled. To avoid changing power in the middle of UL slot in such a case it is proposed to transmit POST codeword in the ACK/NACK field corresponding to the carrier which was not scheduled in case the other ACK/NACK field in the same slot needs to be transmitted. If none of the ACK/NACK fields need to be transmitted then the whole slot can be in DTX. Avoiding transmission power change in the middle of UL slot is seen beneficial since so far in WCDMA uplink power has been changed one slot at a time and hence half slot transmission would increase complexity of  uplink power control in UE and also DTX detection in node Bs. 
Proposal 3: Repetition is proposed to be used as much as possible to improve performance of HS-DPCCH in case carriers are deactivated or UE is configured to 3 carriers.
Proposal 4: Changing transmission power in the middle of UL slot due to half slot ACK/NACK transmission should be avoided if possible.
Proposal 5: Transmit POST codeword in ACK/NACK field if corresponding carrier is not scheduled but the other ACK/NACK field in the same slot needs to be transmitted.
When carriers are deactivated and repetition is used there is a need to use different gain factors for the repeated fields to be able to benefit due to lower transmission power. Another set of beta values could be signalled for the purpose or it could be specified that UE uses one step lower gain factor than the one that is signalled for the normal case. Similar problem exists also in case spreading factor is changed when carriers are deactivated.
If there are carriers that are not configured in MIMO mode then legacy non-MIMO codes can be used in corresponding HS-DPCCH fields to improve performance similarly as it is done for CQI fields in Rel-9 DC+MIMO.
It has been decided in RAN1 that attention should be given to optimization of HS-DPCCH solution to at least 3 carriers without MIMO. It should be noted, though, that it is anyway beneficial to have an optimized scheme which has as much synergy as possible with the solution used for the rest of the cases e.g. 4 carriers with MIMO. 
Proposal 6: Possible optimized schemes for e.g. 3 carriers without MIMO should be kept as similar to general case as possible.
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Figure 1 HS-DPCCH coding for 4 carriers with MIMO.
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Figure 2 HS-DPCCH coding for 3 carriers with MIMO.
[image: image3.emf]A/N

1,2

(DC+MIMO 

code)

2xCQI+PCI

1

2xCQI+PCI

1

A/N

1,2

(DC+MIMO 

code)

A/N

1,2

(DC+MIMO 

code)

2xCQI+PCI

2

2xCQI+PCI

2

A/N

1,2

(DC+MIMO 

code)


Figure 3 HS-DPCCH coding for 2 carriers with MIMO.
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Figure 4 HS-DPCCH coding for 1 carrier with MIMO.
For the non-MIMO case 2ms minimum CQI reporting period has been assumed similar to Rel-8 dual cell HSDPA. It has already been agreed that 4ms minimum reporting period is enough for 4 carriers but since even 2ms can be easily obtained by adopting similar design as in rel-8 dual cell it does not seem necessary to limit to 4ms in case MIMO is not configured. As in Rel-8 DC repetition can, however, be used for CQI to improve performance if larger reporting period is to be used. HS-DPCCH schemes for non-MIMO case are shown in Figure 5 - Figure 9. 
Proposal 7: 2ms minimum CQI reporting period should be assumed when MIMO is not configured similarly as in dual cell.
Solutions presented in Figure 5 and Figure 6 for 4 and 3 carriers are quite straightforward concatenations of legacy codebooks. Alternative scheme for 3 carrier case is shown in Figure 7, where new ACK/NACK code is used. Purpose of the alternative scheme is here to show that methods proposed for further optimization to 3 carriers are possible also when SF 128 is to be used. Alternative scheme would, however provide only 4ms minimum CQI reporting period, which could be a problem especially when carriers are being deactivated if 2ms reporting period is to be used otherwise. For 2 carrier case in Figure 8 usage of Rel-5 codebooks would also be possible, repetition with Rel-8 codebooks is here used to show that comparable performance to Rel-8 can be achieved for dual cell. 
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Figure 5 HS-DPCCH coding for 4 carriers without MIMO.
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Figure 6 HS-DPCCH coding (basic scheme) for 3 carriers without MIMO.
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Figure 7 HS-DPCCH coding (alternative scheme) for 3 carriers without MIMO.
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Figure 8 HS-DPCCH coding for 2 carriers without MIMO.
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Figure 9 HS-DPCCH coding for 1 carrier without MIMO.
3.
Conclusions
Discussion presented in this contribution and proposals below should be taken into account when 4-carrier HS-DPCCH schemes are decided.
Proposal 1: SF 128 should be used when 3 or 4 carriers are configured.

Proposal 2: 4ms minimum CQI reporting period should be assumed when MIMO is configured similarly as in dual cell.

Proposal 3: Repetition is proposed to be used as much as possible to improve performance of HS-DPCCH in case carriers are deactivated or UE is configured to 3 carriers.
Proposal 4: Changing transmission power in the middle of UL slot due to half slot ACK/NACK transmission should be avoided if possible.

Proposal 5: Transmit POST codeword in ACK/NACK field if corresponding carrier is not scheduled but the other ACK/NACK field in the same slot needs to be transmitted.
Proposal 6: Possible optimized schemes for e.g. 3 carriers without MIMO should be kept as similar to general case as possible.

Proposal 7: 2ms minimum CQI reporting period should be assumed when MIMO is not configured similarly as in dual cell.
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