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1 Introduction

In RAN2#81, with regards to the SI “Study on Further EUL Enhancements” [1] some initial considerations were done concerning methods for confining high RoT users on a dedicated secondary carrier [2].
This paper provides further considerations and possible schemes in order to implement these methods.
2 Discussion

In [2] a few legacy methods were described regarding the possibility of reserving a carrier for high bitrate transmission, especially for providing good latency for bursty data traffic. It was highlighted how existing methods based on IFHO have the drawback of requiring continuous reconfigurations and system resource reallocation, and how these mechanisms wouldn’t be efficient in case a speech call is initiated while the UE is configured on a dedicated carrier.  An improved method, based on REL-9 DC-HSUPA, would have the drawback of requiring continuous activation and de-activation of the secondary carrier, with evident costs in terms of delays. The alternative of maintaining the secondary uplink carrier active would imply frequent transmission of the UL DPCCH with increased interference and UE power consumption.

In order to overcome these issues an approach was proposed based on a cost efficient clean carrier concept, i.e., a "Lean Carrier" approach that addresses the following 

1.
Signalling and delays 

2.
Battery consumption for the UE 

3.
Impact of uplink interference on DPCCH of inactive users

4.
Impact of DPCCH of inactive users on network capacity

The following sections attempt to provide such a Lean Carrier concept. Physical layer considerations that are outside the scope of this paper are treated instead in [3]
2.1 Overview of the clean carrier concept
The Lean Carrier approach uses Rel-9 DC-HSUPA as baseline. The UE is configured for operations on two carriers: a primary carrier and a secondary carrier configured on a clean carrier, i.e. a data-only carrier that supports high rate transmissions. The clean carrier also provides a complete UL separation among users, not only for the data channels but also for the control channels. 
The UL separation among users guarantees that a user transmitting on the clean carrier is not interfered by other users (and vice versa). An initial step to achieve the UL separation among users on the secondary carrier is to use scheduling to allow only one user to transmit at a time. Furthermore voice and random access, which do not allow an efficient user separation, are limited to the primary carrier. The primary carrier can be configured on a low RoT carrier in order to protect sensitive services (e.g. voice) as well as SRB and random accesses. Synchronisation and Scheduling Information are also supported on the primary carrier, as in legacy.
2.2 Basic Lean Carrier scheme

The Rel-9 based clean carrier solution described above has several inefficiencies in terms of signalling and delays, UE battery consumption and UL interference due to DPCCH transmission.

The Lean Carrier overcomes these clean carrier inefficiencies by:
1. Not transmitting the DPCCH when there is no data to transmit

2. Monitoring the DL, for UL purposes, only when there is data to transmit in the UL

3. Not maintaining any mobility measurements 
4. Time limited grants


Fig. 1 below provides a high level illustration of the Lean Carrier operations. 
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Fig. 1.  Example Lean Carrier operation. An SI is transmitted when user 1 start data transmission on the primary carrier. User 1 starts to monitor the grant channel for the Lean carrier. Based on the information in the SI, user 1 is given a large 4-TTI grant on the Lean carrier. When the grant expires, user 1 continues to transmit the remaining data on the primary carrier. This process is repeated for user 2 and 3, with only one user allowed to transmit at a time on the Lean carrier. 
During the transmission on the primary carrier the UE reports the TEBS, contained in a SI (Scheduling Information). The UE either continues or starts to monitor the grant channel for the Lean Carrier. 

In order to achieve UL separation among users, the grants may be issued so that there is no more than one granted user per TTI (Note that this is the normal envisaged mode of operation, but does not exclude more than one granted user per TTI being allowed). This implies that when the UE has completed a transmission, or upon a network decision, its grant is deactivated. This might be obtained in an efficient way (which minimises the network signalling and the impact of false grant detections) by means of time limited grants (TG) issued on a new granting channel (E-TGCH), or by means of legacy E-AGCH with updates procedures to obtain limited grants. 
Regarding the control channels, already in legacy, CPC allows the users to transmit the E-DPCCH only when transmitting the E-DPDCH. However, the transmission is preceded by a 2 slot pre-amble and followed by a 1 slot post-amble. In addition, short periodic bursts of DPCCH are transmitted even when not accompanied by data.
For the Lean Carrier, the ambition is to completely remove the pre- and post-ambles as well as the periodic DPCCH bursts.
The reduction of the UL DPCCH leads to a reduced UL interference, increased network capacity, reduced battery consumption both for the UEs not transmitting data and for those transmitting data.

When the UE is not receiving data on the Lean Carrier, the DL is monitored, for UL purposes, only when there is data to transmit in the UL, unlike DC-HSDPA operations were a UE that is DRX’ing is requested to monitor the HS-SCCH according to the HS-SCCH reception pattern on both serving and secondary serving HS-DSCH cell.
To further reduce the need to monitor the DL, mobility measurements for the secondary carrier are assumed not 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.
Time-limited grant is used to simplify scheduling. The concept of the baseline Absolute Grant (AG) is extended to include a duration so that an AG will automatically expire after a number of TTIs. In this scheme, all transmissions need to be granted, including retransmissions. This may be done explicitly (i.e. by issuing a 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). 

The wanted Lean Carrier characteristics are summarized in Table 1 below.
	Scheduling
	UL DPCCH DTX
	Mobility
	DL operations

	Time limited grants 


	DTX immediately,

No DPCCH bursts,

Reduction of pre- and post-ambles
	No mobility and no SHO procedures when not transmitting data
	For UL purposes, monitor DL only when UL data has to be transmitted


Table 1
Lean Carrier characteristics
For some of these characteristics there are various implementation options.

Regarding the time limited grant, this may be transmitted either on the secondary carrier or on the primary carrier. Whereas the first approach would not impact the legacy carrier, the latter approach would allow a minimisation of the downlink monitoring on the secondary carrier (in case for instance the UE requests for more grant but the network is not issuing any secondary carrier grant).

Regarding the mobility procedures, 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.

3 Conclusion

In section 2 an overview of the Lean Carrier concept was provided, together with a basic transmission scheme. Physical layer related aspects are treated in [3]
Based on the description in section 2 the following is proposed
Proposal 1
Discuss the lean carrier concept, agree on baseline overview and scheme to be included in the technical report
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