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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

In RAN1#72bis meeting the physical layer cooncept for a dedicated secondary carrier was presented [2]. In RAN2, a general concept description was given and the concept was introduced for a scenario with mixed legacy and Rel-12 UEs [3] [4]. It was in the RAN1#72bis meeting also concluded that further details as the ones stated below should be considered further: 

· SHO operation on lean carrier, and impact on inter-cell interference

· Power setting and initial TBS selection on lean carrier

· HARQ operation on lean carrier

· Coexistence of legacy users

· Scheduler operation, and whether there is a difference in scheduling lean carrier and baseline

In this document, we further elaborate on the dedicated secondary carrier concept presented in [2].  The above mentioned details are captured and possible solutions are proposed.
2 Discussion
2.1 Soft Handover operation

Soft handover has already been described in [3] and discussed in RAN2. This is an extract from the paper [3]: 

To further reduce the need to monitor the DL, mobility measurements for the secondary carrier are assumed not to be configured. Mobility procedures such as active set updates and serving cell change may follow those of the primary carrier, based on network configurations, e.g., via coverage relations. This may be achieved for instance either by maintaining just one active E-DCH cell on the Lean Carrier, or anchoring the E-DCH active set on the secondary frequency to the one on the primary frequency. The first option would imply that Soft Handover on the Lean Carrier is not supported even when the UE is transmitting data. Whereas this approach would allow a gain in terms of UE power consumption (compared to anchoring the active sets on primary and secondary carrier), there may be drawbacks related to power control and loss of soft combining.

2.2 Power setting and initial TBS selection

The mechanism used for determining the DPCCH power when performing synchronization on the secondary carrier in DC-HSUPA is [5]:

Uplink DPCCH transmit power = PDPCCH,1 – UE_Sec_Tx_Power_Backoff

A similar mechanism can be used for the Lean carrier when a new transmission starts after a long transmission gap. E.g.:

Uplink DPCCH transmit power = PDPCCH,1 – Fast_Fading_Margin
The DPCCH power from previous transmission on the Lean Carrier should be used if the transmission gap is within a certain time limit.
For initial transmissions after a long gap, the network may need more than 1 TTI to achieve L1 synchronization. In that case, the network has the option to grant more TTIs initially.
2.3 HARQ Operation on Lean Carrier

A retransmission can be granted explicitly (i.e. by issuing a new time limited grant) or implicitly (e.g. a E-HICH NAK grants a retransmission; in such a case the network has to secure that no other users are granted if there is a retransmission). For more details see [3].
2.4 Coexistence of legacy users

A solution for how the clean carrier concept, Lean carrier, may be initially introduced in the network and how users supporting the feature can coexist with legacy users was presented in [4]. In this sub-chapter we give a brief summary on the proposed solution and its layer 1 aspects.

A solution for accommodating both Lean Carrier and legacy operations on the same carrier is to divide the carrier into two parts using HARQ processes with one part dedicated to high-bitrate Lean Carrier operations and the other part to legacy operations. Lean Carrier users will not transmit anything outside of their granted TTI while legacy users can use the legacy part of the carrier for data transmission by means of per-HARQ-process grants, but control channel transmissions may still fall outside. CPC can be one solution to reduce the DPCCH transmissions in the Lean carrier part of the carrier and the periodic DPCCH burst transmitted in each DTX cycle can be confined to the legacy part by adjusting the DTX offset and the DTX cycle length. The HS-DPCCH transmissions can also be controlled by means of CPC and efficient DL scheduling.

Notice that neither the legacy nor the Lean-Carrier UEs know about the carrier split. When there is no Lean-Carrier traffic, legacy UEs can be scheduled to transmit on the Lean-Carrier part.  Note that random access and voice services will have to be supported on other carriers.
Figure 1 illustrates the concept of time-multiplexing legacy and Lean-Carrier operations on the same carrier. In this example, 6 HARQ processes are allocated for legacy use and 2 for Lean-Carrier use. Each user is configured with a CPC DTX cycle and scheduled and non-scheduled grants that avoid the 2 HARQ processes allocated for Lean-Carrier use. Two legacy traffic scenarios are given.

In the first scenario, UE1 is undergoing continuous UL and DL transmission. It is configured with a 8ms (4 TTI) CQI reporting cycle and is receiving HS ACKs every TTI. Note that when UL data transmission stops, the DPCCH immediately goes into DTX and a 1-slot post-amble and a 2-slot preamble is transmitted when the UE goes in and out of DTX. CQI reporting is also stopped during DTX.

In the second scenario, UE2 is inactive on both the UL and the DL. It is configured with a DTX cycle of 32 ms (16 TTIs) and a DTX burst of 4 TTI. It is also configured with a CQI reporting cycle of 16 ms. The only UL transmission is the DPCCH bursts and CQI reports that overlap with the bursts. 
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Figure 1. Concept of time-multiplexing legacy and Lean-Carrier operations on the same carrier


3 Conclusion
In this contribution we have discussed further details on the Lean carrier concept. They include SHO operation, power setting, HARQ operation and coexistence of legacy users. Further layer 1 specific details were previously presented in [2].

It is proposed to, based on [2] and further considerations in this paper, conclude on layer 1 details to consider in the studies of the Lean carrier concept.
Proposal 1

The following layer 1 details shall be considered in the study of Lean carrier in Further EUL Enhancements: 
· UL DPCCH reduction and other ways of reducing overhead
· Synchronization and power control aspects
· Introduction of a new grant channel
· Layer 1 timing for UL transmission
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