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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 discusses some more detailed open issues related to 4-carrier HSDPA.
2.
Discussion
HS-SCCH orders

HS-SCCH orders for activation and deactivation of secondary carriers were discussed in RAN1 #59bis and proposals for actual coding schemes were presented e.g. in ‎[2] and ‎[3]. After discussion RAN1 reached following agreement and working assumption:
Agreement:

· Working assumption that HS-SCCH orders are used for activating and deactivating secondary downlink carriers is confirmed.

· Note that per-carrier activation/de-activation may result in non-contiguous carriers being active.

· Note that UE categories have not yet been discussed in this context. 

Working Assumption:

· A single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations.

· Exact mapping of orders is FFS.
Work item description already states that RAN4 should study feasibility of non-contiguous carrier allocations that arise from deactivation or activation of secondary carriers so it does not seem to be necessary for RAN1 to touch that discussion any futher at least in this stage. It is assumed that mapping between carrier frequencies and HS-SCCH order indexing is signalled in higher layers so it seems that UE categories should not have any effect to L1 solution. We already have in specification HS-SCCH orders that can not be used in all cases (e.g. activation of secondary cell can not be transmitted in secondary cell). UE behaviour in such cases can be left unspecified so there is no need to take e.g. triple carrier UEs into account when orders are being specified.
In general working assumption that all permitted activation/deactivations should be able to be handled by using single HS-SCCH order seems beneficial. UE power consumption is an important factor in 4-carrier HSDPA so using HS-SCCH orders to switch off carriers whenever they are not needed should be encouraged. In dual band case there could be a situation where one of the bands is not received properly by the UE and hence it should be switched off. In this case the HS-SCCH order used to switch off the particular carrier needs to be transmitted in the other carrier and hence the ability to send order via any carrier is even more important.

Also forward compatibility with possible 4-carrier uplink solution could be taken into account as long as there is not too high cost involved. Anyway since there is no decision to introduce such a feature yet, there is no reason to focus too much on it.
Number of monitored HS-SCCH codes
Number of monitored HS-SCCH codes was discussed in previous RAN1 meeting and agreement reached that total number of monitored HS-SCCH codes are 9 and 12 for 3-carrier and 4-carrier UEs, respectively. It was also decided that monitoring capability is not affected by L1 activation/deactivation of secondary carriers, whereas RRC configuration was left for futher study:
· FFS whether the maximum number of HS-SCCHs that a UE shall monitor is affected by configuring a smaller number of carriers than 4.
In general it would be clearer to only have the UE monitoring capability and not change that for any reason, such as a change in configuration. 
CPC
Details of CPC support in case of 4-carrier HSDPA are still under discussion in RAN1. Only the following CPC related decisions have been done:
· HS-SCCH-less operation is restricted to the anchor carrier.

· The two uplink carriers have independent state machines for UE DTX.

These decisions are similar to the ones done in Rel-8 and Rel-9. 
UE power consumption is an essential aspect to be considered in 4-carrier HSDPA. In adjacent carrier case, when 20 MHz RF is assumed and comparing to the single carrier operation, the increase in power consumption when 4 carriers are configured is lower than if the four carriers span over two frequency bands, where two receiver branches need to be used. Also situation is different is a sense that in dual band case, a significant reduction of power consumption can be achieved simply by switching off the other RF receiver branch.

In dual cell HSDPA DRX state machines are common for the two carriers. Same approach can be applied for 4-carrier HSDPA in the adjacent carrier case, however there could be some benefit in having band specific state machines in dual band case. This is assuming that long enough DRX period is used to allow switching off second RF receiver branch significantly more often. This kind of configuration would allow UE to autonomously save power while one of the configured carriers is not received with a quality that would be enough for data scheduling.
Despite whether independent DRX is used or not, some kind of mechanism to completely switch off second receiver branch is needed. One possibility for such a mechanism is usage of HS-SCCH orders to switch off secondary carriers. When all carriers received in a band are deactivated UE could switch off RF receiver branch receiving the particular band. Another option would be some kind of timer based solution as the one presented in ‎[4].
There does not seem to be a reason to change the earlier assumption of common configuration and activation status of DTX/DRX.
Timing alignment
It has been defined in Rel-8 and Rel-9 that signals in each carrier are transmitted from the same node B and are time aligned. Now that there are 4 carriers instead of just two the time alignment is even more important and similar requirements should be applied to 4-carrier HSDPA as has been applied between carriers in previous releases.
DCH support
DCH support has also been discussed in RAN1 with the conclusion that in case more than 1 uplink carrier is configured, DCH is not supported. Single uplink carrier case is still under futher consideration. It is our view that DCH should be supported in this case since there is no technical reason why that could not be done. Similar to Rel-8 and Rel-9 downlink (F-)DPCH and E-xxCH channels should always be transmitted in primary carrier, and if DC-HSUPA operation is activated, also on the secondary DL carrier corresponding to the secondary UL carrier transmitting E-DCH.
3
Conclusions
Discussion presented in this contribution is proposed to be taken into consideration when 4-carrier HSDPA is being specified.
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