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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, Lean carrier, based on a "clean carrier" concept has been discussed in RAN1 and RAN2. 

In RAN1#74 it was decided that a text proposal shall be agreed on the Lean carrier concept. The text proposal in this contribution aims to introduce the basics of Lean carrier concept discussed in previous meetings.
2 Text Proposal

[---------------------------------------------- TEXT START -------------------------------------------------]
5.4.2      CPC and power control

5.4.2.1
Analysis
A Lean carrier capable UE may transmit on a primary and a secondary carrier simultaneously. The primary carrier may be configured to 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 may be configured to a Lean Carrier, a carrier similar to a Rel-9 DC-HSUPA secondary carrier, which is better capable of efficient high bitrate/high RoT transmissions for multiple users. The Lean carrier is preferably used as a dedicated high bitrate data carrier.

For more efficient utilization of the Lean carrier it is desired that UEs can transmit on the Lean carrier with very low latency. One way of minimizing latency is to avoid delays involved with activating and deactivating UEs on the secondary carrier. UEs on the Lean carrier are therefore always activated, even for longer periods when data is not transmitted. UEs which are active on a regular Rel-9 DC-HSUPA secondary carrier, but not transmitting any data, will at least transmit periodic DPCCH bursts. Transmitting DPCCH bursts for channel sounding when no data is transmitted works well as long as the interference environment for a UE remains fairly stable in time. However this is not the case in an environment with bursty high data rate smartphone users. In these typical scenarios the interference can change quickly within a very short time. For the UE that is granted to transmit on the Lean carrier, the intra-cell interference it experiences is rather low. For the UEs that are not transmitting, the experienced interference can be extremely high when there is another high data rate UE transmitting on the carrier. This extreme environment has serious implications on transmitting DPCCH bursts while other high data rate transmissions are on-going, for example:

· Increased DPCCH cost
A high SIR is needed for high data rate transmission. Since the UE keeps the same SIR target when it is not transmitting, the cost of stand-alone DPCCH transmission is rather expensive.
· Inaccurate power for initial transmissions
Due to the high interference on the Lean carrier, potential stand-alone DPCCHs of UEs not transmitting data 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 up. The highly increased UE transmission power may decrease the maximum bitrate as the UE can easily become power limited. On the other hand, if there has not been any data transmission on the Lean carrier, the UE would have lowered the DPCCH SIR due to stand-alone DPCCH transmission and the DPCCH power may be too low when the UE starts transmitting data.
· Difficulty in following fading
Due to the large difference in interference when there is or is not data activity on the Lean carrier, there is a severe risk that inner-loop power control may react to the scheduling rather than the actual variation in channel fading if stand-alone DPCCHs are transmitted.
· Too low DPCCH power after data transmissions
The problems with the difference in required DPCCH SIR between a UE transmitting and a UE not transmitting data can become even more severe in some situations, for example when the UE finishes its Lean carrier transmission at the top of the fading pattern and the channel starts deteriorating. 
5.4.2.2
Solutions
There are several potential options to enhance power control and reduce DPCCH overhead.

Option 1: Control DPCCH SNR instead of SINR

This method can be seen a NodeB implementation method. Instead of SINR target, NodeB controls a SNR target for uplink Inner Loop Power Control. In this way, DPCCH power will not vary too much with the change of interference conditions.
Option 2: Disable the transmission of uplink DPCCH when no uplink data transmission occurs. That is, no DPCCH burst are transmitted between the uplink transmissions
Due to typical bursty high data rate traffic expected on a Lean carrier the power setting for the uplink channels is crucial for initial transmissions, regardless if DPCCH bursts are transmitted or not as explained in the analysis section. For power control purpose the following two scenarios can be distinguished:

1.
The time between two transmissions on the Lean 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. A similar approach can be used for the Lean carrier: 


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
For example on the order of a typical CPC DTX cycle. In an environment without bursty high data rate traffic the DPCCH bursts, postambles and preambles can often handle the fast fading. In bursty high data rate traffic scenario this is not the case. To account for the possible need to increase the power after a transmission gap on a Lean carrier, an extra "small gap" margin can be added to the DPCCH power, instead of tracking the channel, when transmissions are recovered. This margin may be fixed or dependent on the size of the gap.
Option 3: DPCCH is only transmitted with E-DCH or as preamble during several TTIs/slots before E-DCH transmission. DPCCH is not transmitted periodically when there is no E-DCH transmitted as in CPC case.
DPCCH preamble is expected to benefit path search, power control and setting of uplink grant. After preamble stage, path search performance is expected to be reliable, DPCCH power is expected to be controlled at an appropriate value and uplink grant sent by NodeB is expected to be efficient. How to set the length of DPCCH preamble may need further study.
5.4.3      Grant handling

5.4.3.1
Analysis
The motivation for introducing a time limited grant channel is to avoid the drawbacks with operating a bursty high data rate traffic using legacy E-AGCH channel. The main drawbacks are:
· The need for signalling two E-AGCH’s, one for starting and one for stopping data transmissions.

· Serious consequences for missed detection of the terminating grant.

· Flexibility, e.g. ability to operate without TTI gaps between users.

5.4.3.2
Solutions
To avoid the drawbacks with the legacy Absolute Grant a new grant channel, for enabling grant handling with time limited grants, is proposed to be introduced for the Lean carrier concept. The new grant channel may have the same coding and timing properties as the existing E-AGCH. As the new time limited grants also includes a time limit indication an additional parameter needs to be signalled on the new grant channel. The exact details of the parameters to be signalled on the new grant channel depend on the channel structure and future details of a Lean carrier implementation. The new grant channel may be configured on either the primary or the secondary carrier. In either case the UE only needs to monitor the new grant channel during active UL data transmissions.

Alternatively a new grant signaled to one UE could implicitly, by means of detecting a message with incorrect CRC on the grant channel, be interpreted as a stop-command for the other UE(s) currently actively transmitting.

Another alternative for new grant channel could be separating scheduling and link adaptation signaling and re-using E-RGCH channel structure for subframe allocation signaling for each UE. Legacy methods would still be used for link adaptation signaling. Aforementioned stop-command could also be introduced for E-RGCH-based solution by using ternary signaling already available in E-RGCH.
In addition, considering more than one UE may need to be scheduled at a given time to be able to fill the available RoT headroom in power/buffer limited situations and to be able to benefit from IC receivers, design options should consider to support more than one UE scheduled at a given time.
5.4.4      Deployment scenarios for Lean carrier

5.4.4.1
Analysis
The benefit of deploying Lean carriers depends on the nature of the traffic and the available spectrum in the network. The following scenarios have been identified:

•
Data-heavy networks: This is the main scenario where Lean carriers are most beneficial.

•
Speech-heavy networks: Depending on the available spectrum, Lean carrier deployment may or may not be beneficial during busy hours. During off-hours, when more spectrum is available for data services, Lean carrier is a possibility.

•
Spare spectrum during off-hours: In addition to the normal Lean carrier gain, this scenario also provides energy saving opportunity for the network by using DL DTX when there is temporarily no traffic in a cell. 

•
Under-utilized Lean carrier: A hybrid version that supports both legacy and Lean carrier operations may be used instead of an under-utilized Lean carrier. Under-utilization is then reduced, but the gain from Lean carrier operations is also impacted.
The main scenario which should be primarily considered is of course the first scenario of Data-heavy networks. Data traffic volume is much higher than speech volume in most networks and ratio of data traffic is growing with time.


5.4.5      Mobility

5.4.5.1
Analysis 
In Rel-9 DC-HSUPA mobility the UE performs mobility measurements even when the secondary carrier is deactivated. 
5.4.5.2
Solutions

It proposed that no mobility measurements are performed on the Lean carrier. Mobility can still be maintained using the primary carrier and secondary active sets and serving cells can be maintained by mirroring those on the primary carrier. The primary option is that only the serving cell is kept on the secondary carrier. One other alternative could be that when the UE is transmitting on the secondary carrier the network has the option to instruct the UE to listen, or not to listen, to non-serving cells for RGs and TPC commands. 

[------------------------------------------------- TEXT END --------------------------------------------------]
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