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1 Introduction
The Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during the RAN#58 plenary meeting. Among the suggested enhancements is the candidate “Enabling high user bitrates in a mixed-traffic scenario.”  A solution based on a "clean carrier" concept has been proposed in [2], with more details given in [3] and [4]. 

This contribution tries to look at the different scenarios where such a solution may be deployed.
2 Discussion
A lean version of the clean carrier concept has been presented in [2], [3] and [4]. The design is based on the Rel-9 UL multi-carrier solution, where secondary carriers are configured on the clean carrier and time-shared by all UEs. To overcome a number of issues with the Rel-9 solution, the following enhancements have been proposed for the secondary carriers:
· "Always on" to reduce latency — no activation/deactivation needed.

· No DPCCH except during data transmission — no DPCCH bursts or pre/postambles.
· No mobility measurement.

· Monitor the DL for E-DCH control channels only when there is data to send on the UL.

· Time limited grants for more efficient scheduling.
This contribution examines the different deployment scenarios for such a clean carrier.

The main idea behind a clean carrier is to create an environment for unrestrained data transmis​sions so that a transmitting UE does not have to worry about impacting others by creating too much interference. In such an environment, the normal operations of a UE are supported on regular carriers while high-bitrate transmissions are support on clean carriers. One or more clean carriers may be used to support UEs from several regular carriers. 
The current lean proposal does not place any restriction on the pairing of primary and secondary carriers of a UE. The Rel-9 DC HSUPA capability, however, requires the primary and secondary carrier to be adjacent carriers on the same band. This means even after the enhancements listed above a clean carrier can serve at most 2 regular carriers, as illustrated in Fig. 1.
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Fig. 1. Frequency pairing scenarios for a clean carrier. F1 to F5 are consecutive adjacent carriers. In the Ideal scenario, a clean carrier can be paired with any other carrier to form a primary-secondary pair. With the Rel-9 restriction, a clean carrier can only be paired with an adjacent carrier.
In the Ideal scenario depicted in Fig.1, the number of UEs that a clean carrier can support may be very large. Even with the Rel-9 restriction, the number may still be quite substantial. 
Due to the high cost of the DPCCH and the high RoT environment of the clean carrier (see, e.g., [5]), a secondary carrier in the pure Rel-9 scenario needs to be deactivated when the UE has no data to send. The delay and overhead of the activation needed to send something on the carrier means it can basically be used only for sustained traffic such as uploading.  Utilization of the lean carrier may become an issue. 

With the proposed lean version, however, secondary carriers are "always on", and even small data bursts of just a few 100 bytes, e.g., HTTP gets, can also benefit from transmissions on the clean carrier. This means even with the Rel-9 restriction of "adjacent carriers only", utilization is not a problem.
In addition to improving end-user performance, a clean carrier can also benefit the network in other ways:

· By removing high-bitrate transmission from a regular carrier, the inter​fer​ence environ​ment on the carrier is improved, leading to a more stable power control and less costly DPCCHs.

· A clean carrier is usually considered more efficient for high-bitrate transmission. The overall performance of the network improves when a sufficient amount of traffic can be moved to the clean carrier (so as to avoid under-utilization). 
· Improved end-user performance means a UE can finish earlier. The allocated resources (both air-interface and hardware resources) can be returned to the system earlier.

· Additional DL capacity gain from the following:
· DL code and/or power saving from the removal of system broadcasts and other common control channels.

· DL code saving from the sharing of the dedicated control channels F-DPCH and E‑HICH. (Since only one user can transmit at a time, the same F-DPCH code and E‑HICH signature may be used for all UEs.)
· Less fragmentation of common channels such as E-AGCH and common E-DCH resources (same number of resources spread over fewer number of cells, e.g., 2 instead of 3).
· Reduction of DL intercell interference by discontinuing all DL transmission inclu​ding the primary CPICH when there is no DL traffic.
In a data-heavy network, clean carrier operation is, therefore, expected to benefit both the end-user and the system.
The situation is different for networks that have a significant amount of speech traffic. During the busy hour, it may not be in the best interest of the network to deploy clean carriers. Spreading out the traffic equally on all carriers may provide a better performance. During other time, however, when not all carriers are needed for speech, the deployment of data-only carriers and/or clean carriers can be beneficial.
A third scenario is when there is spare spectrum during off-hours. This applies to both the data-heavy and the speech-heavy scenarios described above. Instead of completely turning off a carrier to save energy, the carrier can be turned into an "on-demand" clean carrier. Since there are no broadcast chan​nels and no RACH access on a clean carrier and the primary CPICH is needed only for decoding DL transmissions, the carrier can be turned off when there is no traffic. In this way, UEs can benefit from high-bitrate transmissions on the clean carrier and yet the carrier can be "powered down" for most of the time to save energy. In addition, there is also the gain from the DL interference reduction mentioned above.

How much a carrier can be powered down, and hence the amount of saving that can be achieved, depends on the capability of the NodeB. The next generation of "green" NodeB's is expected to be able to come up to full power from a very low standby level at the TTI time scale. 
A fourth scenario is when there is not quite enough spare spectrum to set aside a whole carrier and the demand for clean operations does not justify the conversion of a regular carrier into a clean carrier. This can be due to the nature of the traffic or the lack of capability of the devices. Deploying a clean carrier would then result in an undesirable under-utilization. In that case, legacy data traffic may be accommodated using a hybrid solution such as the one given in [4], where legacy and clean operations are time-multiplexed onto the same carrier using HARQ pro​cesses. The example given in [4] is reproduced here in Fig.2.
In a nutshell, what this scheme tries to do is to avoid legacy transmissions in the clean part of the carrier by means of the following:

· Per-HARQ-process grants to limit data transmissions to the legacy part of the carrier.

· A judicious choice of CPC parameters to confine the DPCCH and CQI reporting.

· HS scheduling to avoid ACKs from falling into the clean part of the carrier, in much the same way as the avoidance of UL compressed-mode gaps.
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Example legacy operations witha Lean-Carrier deployment in 2 HARQ processes

UE1 is configured with an 8ms CQI reporting cycle.

UE2 is configured with a 16ms CQI reporting cycle and a 32ms DTX cycle with an 8ms DPCCH burst.
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Fig. 2.  Illustration of legacy operations on a hybrid carrier where 6 HARQ processes are reserved for legacy operations and 2 for clean operations. Behavior of two legacy UEs, one active and one ina​ctive, are shown.

It should be emphasized that clean and legacy operations are by nature not compatible. The main purpose of this scheme is to reduce under-utilization. The gain from clean operations on such a hybrid carrier cannot be compared to that of a normal clean carrier. For example, broad​cast channels are still needed and scheduling delay is increased for the high-bitrate transmissions.

3 Conclusion
The benefit of deploying clean carriers depends on the nature of the traffic and the available spectrum in the network. The following scenarios have been identified and discussed:
· Data-heavy networks: This is the main scenario where clean carriers are most beneficial.
· Speech-heavy networks: Depending on the available spectrum, clean carrier deployment may or may not be beneficial during busy hours. During off-hours, when more spectrum is available for data services, clean carrier is a possibility.
· Spare spectrum during off-hours: In addition to the normal clean carrier gain, this scena​rio also provides energy saving opportunity for the network by using DL DTX when there is temporarily no traffic in a cell. 
· Under-utilized clean carrier: A hybrid version that supports both legacy and clean opera​tions may be used, instead. Under-utilization is then reduced, but the gain from clean operations is also impacted.
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