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1
Introduction

Concept of multicarrier was introduced to FDD HSPA in Release 8 by adding dual cell HSDPA functionality with adjacent carrier frequencies. Lately multicarrier extensions have been discussed for Release 9 and finally new work item was proposed in RAN plenary meeting #42 [1]. Work item was not, however, agreed in plenary meeting but instead it was decided that the scope of re-opened study item will be revised so that new UTRA multicarrier extensions proposed in [1] can be discussed and studied. Purpose of this contribution is to discuss implementation complexity related issues of these extensions.
2
Discussion
The following UTRA multicarrier extensions were proposed to be specified to Release 9 in [1]:
· Specify multi carrier HSDPA operation for the following scenarios:

a. The multi carrier transmission only applies to HSDPA physical channels

b. The carriers belong to the same Node-B and when on the same band, are on adjacent carriers

c. MIMO can be combined with up to two HSDPA carriers in up to two separate frequency bands

d. The carriers operate in up to two separate frequency bands

e. Up to three/four HSDPA carriers can be aggregated
· Specify dual carrier HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA physical channels

b. The carriers belong to the same Node-B and when on the same band, are on adjacent carriers
c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

These have been discussed in RAN1 #55bis and following working assumptions have been agreed:
· The Multicarrier HSDPA work excludes non-adjacent carriers on one band, when all carriers are activated

· The single band Dual-Carrier HSUPA work assumes adjacent carrier operation and at least two downlink carriers

These working assumptions are excluding non-adjacent operation within single frequency band. Second bullet also limits dual carrier HSUPA to be used only together with dual cell HSDPA.
Some generic complexity study results for proposals in [1] were presented in [2], [3] and [4], where extension proposals were divided to downlink single band, downlink inter-band and uplink parts. These results are discussed in following.
Complexity analysis for single frequency band HSDPA extensions is presented in [2], where five new UE types are introduced: 2 carrier MIMO, 3 carrier, 3 carrier with MIMO, 4 carrier and 4 carrier with MIMO. In 3 and 4 carrier cases MIMO is limited to 2 carriers only as shown by WI proposal. Results show some increase in RF front end complexity as bandwidth in the analog parts and sampling rate in the digital parts have to be increased in proportion to number of carriers used. In [2] it is assumed that dual cell UE used as a comparison has STTD capability as do the two carriers which have MIMO receiver anyway. Additional carriers do not have STTD capability, which decreases complexity slightly. With the STTD assumption baseband detector complexity is proportional to number of carriers, i.e. 1.5 times for 3 carrier and 2 times for 4 carrier compared to Rel-8 dual cell. Turbo decoder complexity is proportional to data rate achieved and varies between 1.5 and 3 times compared to Rel-8 dual cell. 
In [3] four new inter-band multicarrier HSDPA UE types are presented: 2 carrier UE with 1 carrier in each band, 3 carrier UE with 2 carriers in one band and 1 in the other, 4 carrier UE with 2 carriers in each band and 4 carrier UE with 3 carriers in one band and 1 in the other. RF front end complexity of 2 carrier inter-band UE increases only slightly since the only change is addition of another analog down conversion chain in which case digital one is not needed. RF complexity of 2+2 carrier UE is twice the complexity of Rel-8 dual cell used as a baseline, except number of digital oscillators which is not increased. It is not defined in [3] e.g. for 2+1 carrier which band is which and how carriers can be placed in each band. It is probably reasonable to decide e.g. that 2 carriers can be placed only to 2.1GHz core band and only one to additional frequency e.g. 900MHz. At least in this example case typical frequency band allocations support this kind of decision. It would be beneficial if band combinations were studied in RAN4. This way it could be assured that standardized band combination are feasible in implementation point of view. In [3] usage of diplexer is proposed to be able to use one antenna for the both bands. This kind of implementation has the limitation that in case the frequency bands used are close to each other or even overlapping then diplexer implementation becomes difficult or even impossible. Somehow this sets a contradictory requirement because in this case using the same antenna would make most sense. 
Intra-band and inter-band dual carrier HSUPA UEs are discussed in [4]. Both types double E-DCH related baseband processing. Difference between the two is that for intra-band it is possible to combine two carrier signals before DAC and hence only one, although higher bandwidth, RF chain is needed. It is especially important that intra-band solution avoid usage of two power amplifiers and transmit antennas thus allowing significant saving of power consumption and space in UE as stated also in [5].
If all proposed extensions were implemented, HSPA related UE implementation complexity would roughly double. In worst case turbo decoder complexity would actually triple. This high increase is not seen reasonable especially as in downlink case comparison is done against Rel-8 dual cell, which has relatively high complexity already. Result is especially bad keeping in mind that power consumption increase is proportional to complexity increase. 
Work item proposal in [1] seems to contain quite many possibilities for different UE types. There are at least more than dozen of different downlink multicarrier configurations and two additional uplink configurations. This could potentially lead to as many new UE categories in Release 9. UE does not necessarily support combinations of all bands that it supports separately and hence supported combinations have to be signalled, which further complicates capability signalling. The most beneficial configurations on both performance and complexity point of view should be identified and standardized. In complexity sense inter-band dual cell would be a tempting choice.
3 Conclusions

Overall complexity of the proposals in [1] seen to be a bit high. At least lower UE categories should be available to keep implementation complexity and power consumption in reasonable level to facilitate handset implementation. Implementation complexity wise inter-band dual cell is seen as best option for enhancing multicarrier HSDPA in Release 9.
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