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Discussion

1.
Introduction

HSDPA multicarrier evolution started in Rel-8 with dual cell HSDPA, continued in Rel-9 with Dual Cell + MIMO and Dual Band DC-HSDPA and in Rel-10 with 4-carrier HSDPA with MIMO. Datarate achieved by using Rel-10 solution is 168 Mbps.

The evolution is continued in Rel-11 timeframe since RAN meeting #50 approved a new work item tasking the working groups to specify 5-8 cell HSDPA operation [1], which is about to double the HSDPA peak data rate to 338Mbps. This contribution discusses some open issues related to 5-8-carrier HSDPA.
2.
Discussion
Objectives of the work item are as given below:
· Specify 5-8 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 5-8 carrier transmission only applies to HSDPA physical channels.

b. The carriers belong to the same Node-B.

c. The carriers are configured to be spread across 1 or 2 bands.

d. The carriers within one band are configured to be adjacent.

e. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted as part of the work item. The combinations developed under this WI will be added to the WID in RAN#52.

f. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA, DB-HSDPA and 4C-HSDPA should be re-used unless non-re-use can be justified by clear benefits.

g. Since an independent design of 5-8 carriers HSDPA and DC-HSUPA is preferred, the work should assess the benefits of compatibility with single UL carrier operation while minimizing the required changes to existing features and channel structures. 

Objectives are quite similar to the ones used for 4-carrier HSDPA. Since 8-carrier HSDPA is actually fourth release of multicarrier evolution it is assumed that solutions chosen for it are rather similar to the earlier releases and exceptions to this rule would need to be justified properly. This approach is also assumed in objective f of WID.
Compatibility with single UL carrier

Objective g shown above states that benefits of compatibility with single UL carrier would need to be assessed. It is clear that single carrier UL complicates the HSDPA feedback channel solution while it can be doubted if single carrier UL would be enough considering the balance between UL and DL. 8-carrier HSDPA doubles the peak data rate in downlink from 168Mbps to 338 Mbps, whereas uplink peak data rates are 11.5Mbps for single cell and 23Mbps for dual cell HSUPA. Hence there can be a maximum of 30 times difference in DL and UL peak data rates. Also single carrier UL would certainly reduce uplink coverage from what can be achieved in Rel-10 unless something is done to reduce amount of feedback information.
HS-DPCCH solution

Increased datarates cause an increased requirement for acknowledgement signalling in uplink. In Rel-8 and Rel-9 this problem was solved by new joint acknowledgement coding, whereas in Rel-10 4-carrier HSDPA two concatenated Rel-9 codes were used. Similar to 4-carrier it is emphasized in work item description for 8-carrier that solutions from previous releases should be re-used. Doing so leaves basically three options, either spreading factor of HS-DPCCH is again reduced to SF64 or two SF128 HS-DPCCH codes are used either in same or different UL carriers. In Rel-10 reducing spreading factor was chosen as a method mainly due to lower cubic metric. Whichever method is chosen acknowledgement coding schemes used in previous releases can be re-used. 
For CQI similar approach could be used as in Rel-10, minimum reporting period for CQI is 2 TTIs and legacy coding is used.
If UL overhead due to feedback signalling is considered too high then the the only way to overcome the problem is to reduce information content.
One method is to use ACK/NACK bundling where ACK/NACK fields from a few transport blocks are combined together. The CQI information content could be reduced by using delta CQI, where only delta to primary carrier CQI would be transmitted for secondary carriers
Another method is to keep the UL overhead in terms of both the ACK/NACK and the CQI signalling the same as in the earlier releases, is to span one transport block over multiple carriers. This could be more efficient than just bundling the ACK/NACK fields together. In order to do this efficiently, one should redesign also the channel interleaving to span multiple carriers which would mean larger redesign on the system. Furthermore, assumed large size of the transport block, overall carrier bandwidth and the maximum size of the turbo coding block might limit the available gains. The additional drawback is the reduced scheduling gain especially if also reduction of the CQI feedback is considered.

HS-SCCH

In earlier releases of multicarrier evolution it has been assumed that HS-SCCH is transmitted separately in each carrier and it has been able to signal data transmission only in the corresponding carrier. Cross carrier scheduling has been discussed during Rel-8 in context of dual cell HSDPA and also in LTE carrier aggregation. However benefits of such feature seem limited since signaling overhead can not be reduced.
The HS-SCCH transmission and receiver processing overhead could be reduced if one transport block does span multiple carriers. In this case, a higher layer configuration should be set on which carriers are considered to be controlled by one HS-SCCH.
HS-SCCH orders
In earlier releases HS-SCCH orders have been designed following the principle that all UL and DL secondary carriers would need to be able to be activated/deactivated by using single HS-SCCH order. In Rel-10 there are altogether 12 HS-SCCH orders for the purpose. Now assuming that there would be seven DL secondary carriers similar approach would lead to 192 orders required. Thus something needs to be done to reduce number of combinations or find additional bits for the order message. One simple possibility would be accepting the penalty that two HS-SCCH orders would be needed to activate/deactivate all carriers in 8-carrier HSDPA. In such a case current solution could be used for UL secondary and first three DL secondaries and another order for the rest of the DL secondary carriers. With this assumptions number of combinations would reduce to 12+16=28, where 12 would be the already existing ones.
Transmission of F-DPCH and other channels

It is assumed that F-DPCH and HSUPA DL control channels would be transmitted as before only in the DL carriers which correspond to the configured UL carriers.
CPC
Previous multicarrier releases are using common DRX state machines for all DL carriers and independent DTX state machines for UL carriers. In 8-carrier saving of energy is becoming even more important as before so decisions related to UE DRXing should be carefully assessed.
Timing alignment
Similar timing alignment would be needed for the DL carriers as in Rel-10 4-carrier.
DCH support
DCH support would be similar as before, DCH is supported unless DC-HSUPA is configured.
Non-adjacent carriers due to deactivation

Work item description again mentions non-adjacent carriers due to deactivation of carriers. This item has been discussed in RAN4 during Rel-10 timeframe with the conclusion that non-adjacent carriers due to deactivation are feasible. In principle the conclusion should be the same also now.

· Operation of non-adjacent carriers within single band arising from the deactivation of one or more configured carriers should be supported if considered feasible by RAN4

Supported band combinations
Supported band combinations should be discussed in RAN4.
3
Conclusions
Discussion presented in this contribution is proposed to be taken into consideration when 8-carrier HSDPA is being specified
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