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1
Introduction
A work item for Multi Carrier Evolution was proposed in RAN plenary meeting #42 ‎[1], however the WI was not approved, but the already open study item scope was to be used as an umbrella for studying the enhancements and RAN plenary meeting #43 is expected to revisit the WI proposal ‎[2]. A number of contributions [3]-[30] were subsequently submitted to RAN WG1 meetings #55bis and #56 for the study. In this contribution an overview of the work and findings of RAN WG1 is presented and an attempt to summarize the current SI status in RAN WG1 is made.
2
Discussion

The following UTRA multicarrier extensions were proposed in ‎[1] and have been investigated by RAN WG1.

· 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

· 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.

It has been shown in the contributions seen in RAN WG1 meetings #55bis and #56 [3]-[30] that the Multi-Carrier (MC) HSDPA operation over 3 or 4 carriers provides substantial system level gains over the combination of single carrier and/or DC-HSDPA operation with the same number of carriers for all studied bursty traffic source models as well as lightly loaded systems (fewer number of users)  with full buffer source models. For studied highly loaded systems (larger number of users) with full buffer traffic source models, the gains were smaller.

Similarly it has been shown that in the environment where both the Dual-Cell HSDPA and single carrier MIMO benefits manifest themselves, both gains are obtainable simultaneously with MIMO + DC-HSDPA combination.
In addition MC-HSDPA on two separate frequency bands appears to show similar benefits as the corresponding adjacent carrier MC-HSDPA configuration.
Furthermore the Dual Carrier HSUPA on adjacent uplink carriers has shown substantial system level benefits for studied bursty traffic source models over dual single carrier operation.
An initial look at the physical layer control channel designs supporting the abovementioned features has been done by RAN WG1 and no blocking problems have been identified, rather the control channel support for the features can be seen as a reasonably straightforward engineering problem.

An attempt to analyze the terminal complexity with regard to the abovementioned features was made, but the detailed radio related investigations would have to be conducted by RAN WG4.
3 Conclusion
Based on the contributions submitted to RAN WG1 #55bis and #56 meetings [3]-[30] the RAN WG1 findings on the Multi-Carrier Evolution study could be formulated along the lines below.
RAN WG1 has investigated the performance of

· Dual Cell HSDPA on two separate frequency bands.
· Dual Cell HSDPA together with MIMO in a single frequency band.
· Three and four carrier HSDPA for both single as well as two separate frequency bands.
· Dual Carrier HSUPA on adjacent carriers.
The RAN WG1 findings are

· The peak rate improvements of all the features are as expected.
· The system and individual user gains as seen in RAN WG1 contributions can be summarized as follows:

· For all studied bursty traffic source models as well as lightly loaded systems (fewer number of users) with full buffer source models, MC-HSDPA and DC-HSUPA provide substantial gains over the combination of single carrier and/or DC-HSDPA operation with the same number of carriers in downlink and dual single carrier HSUPA operation in uplink.

· For the same user experience in terms of average user burst data rate, MC-HSDPA and DC-HSUPA support considerably higher number of users.

· For the same number of users, MC-HSDPA and DC-HSUPA provide a substantial increase in average user burst data rate.

· For studied highly loaded systems (larger number of users) with full buffer traffic source models, MC-HSDPA and DC-HSUPA provide gains that are smaller.

· In the environments where both the DC-HSDPA and single carrier MIMO benefits manifest themselves, both gains are obtainable simultaneously with MIMO + DC-HSDPA combination.
· MC-HSDPA gains on two separate frequency bands gains are similar to MC-HSDPA in a single frequency band.

· Designing the physical layer control channel support for the features does not cause any significant problems and can be considered to be the same for both single as well as two separate frequency band cases.
· Implementation complexity of the base-band processing is expected to increase linearly with the peak rate.
· The number of new UE categories needed would depend on the number of allowed combinations of the different features and allowed band combinations.

Since only RAN WG1 has actually worked on the topic, L2/L3 impacts and UE RF performance and complexity related implications especially for multi-band and multi-mode UEs  needs further investigation to completely understand the implementation impact of the studied features. RAN WG1 has however not identified any problems on its focus area that would make any of the studied techniques infeasible.
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