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1 Introduction

In RAN2#81bis, the following agreements were reached regarding one of the objectives of the SI “Study on Further EUL Enhancements” [1]: 

· We agree to study the introduction of lean carrier operation to allow high-bit user rates in a mixed traffic scenario. 

· The goal of the lean carrier operation is to achieve these requirements:

· Reduction of UL interference via UL separation between users 

· Improve efficiency of the carrier

· Battery efficiency and consumption in the UE 

· Minimization of Layer 3 and 1 signalling and delays (e.g. reconfiguration, activation/deactivation)

· Allow co-existence of legacy users and lean carrier users 

· We agree that some areas of improvements include:

· Grant Scheduling 

· Mobility optimization 
· Optimization of UL transmissions (e.g. UL DPCCH)
· Minimization on UE DL monitoring for battery optimization 
This paper provides a text proposal for the Lean Carrier feature, to be captured in the TR.
2 Text Proposal
-----------------Start of the text proposal-----------------
3 Study Areas

<Omitted text>
5.4 Lean Carrier
5.4.1 Background and motivation

In a WCDMA system all users share the same uplink radio resources and can access the system at the same time. The separation of different users is achieved by using different scrambling codes. Due to the non-orthogonality of the codes, significant interference is still experienced. The interference increases with the increase of the transmitted bitrates. High bitrates introduce high interference to other users, and those users must increase their transmit power to overcome the interference and maintain their required signal to interference ratio at the receiver, affecting the cell both in terms of capacity and coverage. As a consequence the high bitrates supported by the 3GPP specifications are not sufficiently used in real network and mixed traffic environments. 

It is well known that the most efficient way for a very high bitrate user to transmit in the uplink in a cell is when that user is alone, and can both achieve the required high signal to interference ratio, and avoid affecting other users in the cell. To enable ubiquitous high bitrate operation in a real-network environment, it makes sense to consider ways to isolate high-bitrates transmissions from users that are vulnerable to the high interference created and vice versa.

A natural way to accomplish this within the current WCDMA technology is to make use of a dedicated carrier, e.g. having a first “regular” carrier providing the basic services and a second carrier dedicated exclusively to high-bitrate transmissions. 

One method of implementing this idea is to make use of the Inter-Frequency Handover (IFHO) procedure. Users are admitted on the regular carrier where user bitrates are limited to a certain maximum value. When there is a need for higher rates, the UE is reconfigured to a dedicated high-bitrate carrier using the IFHO procedure. When the need for high rates disappears, the UE is reconfigured back to a “regular” carrier.

This procedure has some major drawbacks when we consider real bursty network traffic, in that it entails continuous re-allocation of system resources and increased RRC signalling (with associated delays). Furthermore the method doesn’t seem to be efficient in case of MRAB (e.g. in case a speech call is initiated while the UE is configured on a dedicated carrier)

An improved method is to make use of the Rel-9 DC-HSUPA feature. A UE can transmit simultaneously on two carriers, a primary carrier and a secondary carrier. The traffic can be split among the two carriers based on the respective serving grants. The primary carrier can be configured as a regular carrier and the secondary as dedicated high-bitrate carrier where only one user is allowed to transmit at a time. When there is no high-bitrate need, the UE is scheduled to transmit data only on the primary carrier. When there is the need, the UE can be scheduled to transmit on the secondary carrier in addition to the primary carrier or on the secondary carrier only, and subject to the availability of the secondary carrier.

This DC-HSUPA method is an obvious improvement for real bursty traffic compared to the IFHO method above. However it still has a number of drawbacks. For example it requires continuous activation and de-activation of the secondary carrier, with evident costs in terms of delays. As an alternative, 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 the issues described above, an approach is 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

On top of these high level goals, the Lean Carrier operations have to allow the co-existence of legacy users and Rel-12 users. 

5.4.2 Solutions 

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.

5.4.2.1 Basic 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. Supporting the option to not maintain any mobility measurements 

4. Time limited grants


Fig. x  below provides a high level illustration of the Lean Carrier operations. 
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Fig. x  Example Lean Carrier operation. An SI is transmitted when user 1 starts 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, the option to not configure mobility measurements for the secondary carrier can be applied. 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). 

5.4.2.2 Initial deployment

During initial deployment of the feature, when the number of UEs having the new capability is low, it may not be cost-effective to dedicate an entire carrier for the benefit of just a few new UEs. Therefore, a strategy of how to handle the situation is needed.

As described above, Lean Carrier operations are characterised by the absence of CS services (the Lean Carrier is thus a data only carrier), random access, SRBs, SI and should support only 2ms TTI. 

The Lean Carrier can therefore be considered as a data only carrier configured in order to guarantee UL separation among users. 

An initial deployment strategy may take into account the following aspects:

1. The new carrier is a data only carrier

2. Users on the new carrier are

a. Rel-12 Lean carrier users

b. Rel-9 and later release users having the new carrier configured as secondary carrier i.e. with DC-HSUPA

c. Other legacy data users

3. The relative proportion of UE penetration of Rel-12, Rel-9 and other legacy releases changes over the time

One 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. For example the carrier can be divided half and half with 4 HARQ processes allocated to lean Carrier and 4 HARQ processes to legacy. 

For Lean Carrier operations, Rel-12 users will, by design, not transmit anything outside of their granted TTIs. This is, however, not necessarily the case for legacy operations, Data transmission, both scheduled and non-scheduled, can be confined to the legacy part of the carrier by means of per-HARQ-process grants, but control channel transmissions may still fall outside:

· UL DPCCH: 

The DPCCH is normally transmitted continuously irrespective of the granted HARQ processes. CPC can be used to avoid transmitting the DPCCH in the Lean-Carrier part. There are however still some remaining DPCCH activities:

· The periodic DPCCH burst transmitted in each DTX cycle: This can be confined to the legacy part by adjusting the DTX offset and the DTX cycle length. 

· The preamble and post-amble associated with the start and end of each transmission: These have very little impact to the interference in the Lean-Carrier part.

· HS-DPCCH:

· CQI reports: With CPC, the CQI reduction subfeature automatically guarantees that no CQI reports are sent without an accompanying DPCCH burst.

· ACKs: Since the HARQ-process allocation is static, it is not difficult for DL scheduling to make sure that the ACKs would not come in the Lean-Carrier part of the carrier.

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, for both UL data and HS ACKs. 

It has to be highlighted that, in case of legacy users, the Lean Carrier may represent the primary carrier and not necessarily the secondary. This implies, for instance, that random access and voice services should be limited (or avoided completely) for those users having the lean carrier as primary carrier. This can be achieved by proper configuration of the System Info, inter-frequency handover procedures in case of establishment of  voice calls while transmitting on the lean carrier, cell state policy procedures (in order to allow only CELL_DCH state users on the lean carrier).

-----------------End of the text proposal-----------------
4 Conclusion

Proposal 1
Discuss and agree the proposed text for the TR
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