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1 Introduction
A 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]. 

This contribution addresses a number of issues brought up during the last RAN1 meeting concerning power control and the role of CPC in such a solution.
2 Discussion

2.1 The clean-carrier concept
CDMA technologies are designed to support simultaneous transmissions from many users at the same time, with each user contributing to a small part of the overall interference in the system. With the advent of HSPA and HSPA+, this is no longer the case. Given a high enough rate, one user can now completely dominate the interference in a cell. 
There are two main issues with supporting high uplink bitrates in a macro network with a mixed-traffic environment: 
· Coverage
For macro cells that are dimensioned for coverage, UEs near the cell edge may have barely enough power headroom to reach the Node B. Adding an extra 10 to 15 dB of interference from a high-bitrate UE would cause serious problems for the cell-edge UEs.
· Power control
Even in cells that are not coverage limited, there is usually a limited interference head-room so that only one UE can be given a high grant at a time. The consequence is that the high-bitrate UE sees a relatively small interference from the other low-bitrate UEs, but the low-bitrate UEs see a very high interference created by the high-bitrate UE. The UL DPCCH of the two types of UEs must be adjusted for the difference in interference level, leading to two issues:
1. The low-bitrate UEs are rather expensive for the system to support. They require relatively high-powered DPCCHs to combat the high interference. As a result the DPCCHs contribute disproportionately to the interference of the cell compared to the amount of data being transmitted.
2. To serve all UEs in the system in a fair manner, the high grant needs to be rotated among the UEs. During such a rotation, the UE that has acquired the high grant would suddenly see a much lower interference, while the one that has the high grant taken away sees a much higher interference. Depending on how fast and how often the rotations take place, the large swing in interference may present a challenge for power control and transmission efficiency.
The clean-carrier concept is an attempt to overcome these problems. A "clean" carrier is set aside for high-bitrate transmissions only. All other functionalities, including, random access, radio-link supervision, mobility, etc., are supported on other "regular" carriers. 
2.2 Rel-9 DC HSUPA as a clean-carrier solution
One way to implement the clean-carrier concept is to make use of the Rel-9 DC HSUPA capability, which enables a UE to transmit on a primary and a secondary carrier simultaneously. The primary carrier can be configured on a regular carrier (with low to medium RoT) and is responsible for the UE's normal operations such as maintaining radio-link quality, maintaining mobility, transmitting RRC signaling and user data at a moderately low rate. The secondary carrier is configured on a clean carrier, i.e., a dedicated high-bitrate carrier where UEs are scheduled only one at a time.

To avoid activation delay, it has been suggested to have the secondary carrier always activated. CPC is then used to reduce the overhead for inactive users. As a clean carrier solution, however, this is not quite satisfactory. UEs are still transmitting periodic DPCCH bursts while other UEs are being granted to transmit at a high bitrate. The power control problems described above are still relevant issues, if not becoming worse.
2.2.1 CPC in a clean carrier environment

CPC utilizes UE DTX to reduce the control channel cost for UEs that are not transmitting data. Periodic DPCCH bursts are transmitted to keep the radio-link in a synchronized state and to maintain the correct power level for the UL DPCCH. Preambles and postambles are used before and after each transmission to help catch up with fast fading. 

This method works well as long as the interference environment remains fairly stable in time. That, however, is not the case in a clean-carrier environment, where the interference routinely swings from one extreme to another within a very short time. 
· For the UE that is granted to transmit on the clean carrier, it is alone on the carrier except for the CPC bursts from the other UEs. The intra-cell interference it experiences is rather low, coming just from the CPC bursts and its own self-interference.
· For the UEs that are not transmitting, the interference can be extremely high when there is data transmission on the carrier, but relatively low when there is no data transmission.
This extreme environment has serious implications.
· Expensive DPCCH

A high SIR is needed for high-bitrate transmission. Since the UE keeps the same SIR target when it is not transmitting, the cost of the DPCCH on the clean carrier is rather expensive. For example, a 12.5 dB DPCCH SIR (or ‒11.6 dB at the chip level) would correspond roughly to a 2% load factor. Coupled with many UEs on the clean carrier, this becomes a very substantial load, even with CPC configured.
To illustrate the extent of the problem, consider a three-carrier scenario where one carrier is reserved as a clean carrier and two are configured as regular carriers. Assume that 50 UEs are supported on each of the two regular carriers and each of those UEs has a secondary carrier on the clean carrier. It means the clean carrier is supporting 100 UEs and only one out of the 100 is allowed to transmit at any one time. Assume further that CPC has a duty factor of 20% for UE DTX, giving an average number of 20 transmitting DPCCH at any one time. At 2% each, the DPCCHs alone would then contribute 40% in load factor.
The DPCCH load can, of course, be reduced if the SIR and/or the DTX duty factor can be lowered. What does not change is that the DPCCH will be more expensive on the clean carrier than those on regular low-RoT carriers and there are more of them on the clean carrier.

· Inaccurate power for initial transmissions
Due to the high interference on the clean carrier, the DPCCH of non-transmitting UEs needs to have a fairly high power to maintain the required SIR. When it is a user's turn to transmit, the high interference disappears and the SIR can easily jump 10 fold. This means the data part is also transmitted at 10 times the necessary power since the DPCCH power is used as a reference for setting the power of the data channel. The higher interference is not necessarily a problem for a clean carrier, but the increased UE power may decrease the maximum bitrate, as the UE can easily become power limited.
On the other hand, if there has not been any transmission on the clean carrier, the UE would have a rather good SIR and the DPCCH power may be too low when the UE starts transmitting.

· Difficulty in following fading
Under normal operation, a clean carrier is not scheduled 100% of the time (or the queuing time would become unacceptably long). This means that part of the time there is no data activity on the carrier. Due to the large difference in interference when there is or is not data activity on the carrier, there is a severe risk that inner-loop power control may react to the scheduling rather than the actual variation in channel fading. Put another way, fast power control becomes deterministic for a large part of the time: up commands tend to be sent to most users when there is a high-bitrate transmission scheduled and down commands tend to be sent when no one is scheduled.
· Too low DPCCH power after data transmissions

Despite the high SIR needed for high-bitrate transmissions, the DPCCH power during data transmission is relatively low compared to what is needed when another UE is transmitting. In more severe situations, a UE may not have enough time to reach a reasonable power level and can even lose sync as a result. For example, the UE finishes its clean carrier transmission at the top of the fading pattern and the channel starts deteriorating. When it is time for the UE to transmit a CPC burst, another UE is adding 10 to 15 dB noise rise to the overall interference while the first UE may already have difficulty catching up with the channel fading without the extra interference.
These issues apply equally to the pre- and post-ambles. For example, the standard 2-slot preamble may result in two up or two down TPC commands depending on whether there is or is not a scheduled transmission during those two slots and the extent of the channel fading.
To summarize, the DPCCH bursts (as well as the associated pre- and post-ambles) have a rather high interference cost and yet they are not really fulfilling their role in a clean carrier environment.
2.3 The lean solution
To avoid the unnecessary waste, a lean version of the clean carrier was proposed in [2] and [3]. In the proposal, pre- and post-ambles are not used and the DPCCH is not transmitted unless the UE is transmitting data on the clean carrier. 
For power control purpose, the following two scenarios are distinguished.
1. The time between two transmissions on the clean carrier is large. This is similar to the Rel-9 DC HSUPA situation when the secondary carrier has been deactivated and activation is needed before data can be transmitted. There, the initial DPCCH power for the secondary carrier is determined from that of the primary carrier plus a configurable offset to account for the difference in fast fading between the two carriers [4]. A similar approach can be used for the lean version: 

PDPCCH,2 = PDPCCH,1 + Large_Gap_Margin,
where PDPCCH,1 and PDPCCH,2 are the DPCCH power of the primary and secondary carriers. 
2. The time between two transmissions is relatively short, on the order of a typical CPC DTX cycle. In some implementation, a two-slot preamble could have given the DPCCH an extra 2 dB power in this scenario (i.e., the TPC sent on the DL during the preamble slots are both "ups", leading to a +2 dB during the first slot of data transmission). To account for this and other possibilities, an extra "small gap" margin can be added to the DPCCH power, instead. This margin may be fixed or dependent on the size of the gap.
With this approach, a clean carrier can function without any CPC bursts or pre- and postambles. The cost and the problems associated with the DPCCH bursts can thus be reduced, if not completely avoided. Details of the algorithm can be explored during the work item phase.
3 Conclusion
The main issues with CPC's DTX operation in a clean carrier environment have been explored. Due to the high interference level and the all-or-none nature of the interference environment, not only does the transmitting of DPCCH without accompanying data have a rather high cost but it also creates problem for maintaining the right DPCCH power level. An alternative power control scheme without the need of stand-alone DPCCH has been presented.

Proposal 1: 
The DPCCH is transmitted on the secondary carrier only together with data.

Proposal 2: 
After a transmission gap, the initial DPCCH power is continued from the last transmission plus a configurable margin. The margin may or may not depend on the size of the gap.

Proposal 3: 
After a long transmission gap, the initial power of the DPCCH is derived from the DPCCH power of the primary carrier plus a configurable margin, with further details to be discussed in the work item phase.
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