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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 enhancements have been discussed for Release 9, e.g. in [1] and finally new work item was proposed in RAN plenary meeting #42 [2]. 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 [2] can be discussed and studied. Purpose of this contribution is to discuss these extensions.
2
Discussion
The following UTRA multicarrier extensions were proposed to be specified to Release 9 in [2]:
· 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.

As can be seen there are quite many options and scenarios included in WI proposal. In addition all the enhancements increase UE complexity compared to Rel-8. Taking into account that both uplink and downlink enhancements are proposed at a same time the overall complexity increase due to Rel-9 could be quite significant. Also schedule of Rel-9 would be quite tight as it should be ready by end of 2009. Hence the decision to continue study item with wider scope is seen beneficial. Purpose of the study item should be to find reasonable set of enhancements that provide most benefit compared to Rel-8 with reasonable complexity increase. Similar procedure was followed in dual cell study item where finally solution with adjacent carrier frequencies was chosen to be standardized [3] despite the fact that study item had wider scope in the beginning [4]. When performance of downlink enhancements is considered the conclusion reached during dual cell study item will probably not change and thus investigation of performance of uplink solution is seen more important. 
Number of options in general tends to increase complexity of implementation. Thus all combinations of all possible multicarrier enhancements should not be allowed but reasonable ones should be found. In this sense limiting uplink dual carrier to be used only together with downlink multicarrier sounds sensible. Allowing all combinations, e.g. combination of one uplink carrier and three/four downlink carriers and already mentioned uplink dual carrier with only one downlink carrier could create e.g. quite complicated feedback structures. 
It seems that most of the work required during this multicarrier study item needs to be done in RAN4 since the complexity is definitely the issue in this study. In addition to implementation complexity studies the relevant frequency bands and other spectrum aspects should also be discussed in RAN4. Some limitations could be applied to bands and band combinations used for multicarrier in order to keep effort required in designing RF solution for multicarrier UE at a reasonable level. Also effect of non-adjacent dual carrier to RF requirements and UE demodulation requirements requires some attention.
Inter-band dual carrier seems most interesting of all the proposed enhancements. It would allow more efficient utilization of e.g. GSM carrier frequencies in HSPA evolution. This is especially interesting as some operators are planning refarming GSM 900MHz frequencies to WCDMA technology. Thus 900MHz could be used as frequency layer providing good coverage while it could be aggregated with WCDMA core band in locations where it would be available. Another benefit of inter-band frequency dual carrier is that the receiver complexity is not so much higher than in Rel-8. Downside is, of course the fact that mobility support for non-adjancent carriers needs to be considered carefully, which may also increase complexity compared to Rel-8 dual cell operation. Thus mobility solution is one additional thing that needs to be investigated during study item.
Usage of MIMO would double the peak data rate of dual cell HSDPA, hence doubling the processing requirements. Drawback would then be in the uplink as the increased amount of feedback would decrease uplink coverage. In this sense MIMO would not strengthen the scope of dual cell as a cell edge improvement feature. Work item description in [2] seems to allow combining of MIMO with one or two carriers but whether the rest of the possible carriers (max 4) exist is left open. Allowing this kind of combinations are likely to cause unnecessary complexity to signalling and therefore may not be preferred.
Increasing maximum number of aggregated carriers from two is also proposed in [2]. This would again increase complexity from Rel-8 significantly. In some discussions this has been justified by utilization of LTE RF in multimode terminals supporting LTE, however work item description does not limit carrier frequencies to adjacent only case. Also 2+2 (2 adjacent carriers on different bands) and 3+1 configurations seem to be allowed. Thus utilization of LTE RF would mean that both WCDMA Rel-8 dual cell capable RF and LTE RF would have to be used simultaneously to support all cases. Also amount of feedback would increase as in MIMO case and thus uplink coverage would be compromised. What comes to usage of four adjacent carriers then at least in major European countries none of the operators seem to have such frequency allocation in UMTS core band.
Another proposal in [2] is uplink dual cell, where also non-adjacent carrier frequencies are supported. Problem with non-adjacent carriers is implementation complexity as two separate RF chains are needed including two power amplifiers. In any case amount of uplink signal processing would be doubled. Performance of uplink dual cell should be carefully simulated to investigate the possible gains. Main source of downlink dual cell system throughput gain was frequency scheduling which does not seem possible in uplink dual cell. Also RF performance and UE implementation aspects should be carefully analysed as different band and carrier combinations have different hurdles and UE complexity issues.
3 Conclusions

It is seen that multicarrier enhancement proposals should be investigated very thoroughly during the study item and especially implementation complexity wise reasonable solutions should be adopted to be specified in Release 9. Implementation complexity and possible frequency band combinations should be studied thoroughly in RAN4.
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