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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. One of the objectives is to study is a dedicated secondary carrier. The primary responsible WG for the study item is RAN2 and the first meeting where the study item was discussed was RAN2#81. There, it was decided that studies on layer 1 parts of the studies on a dedicated secondary carrier shall be done in RAN1. An LS was sent from RAN2 to RAN1 asking RAN WG1 to perform the needed studies on “Enabling high user bitrates in a mixed-traffic scenario by means of, e.g., a more efficient method of confining high-RoT operation to dedicated secondary carriers” among other topics [2].

In RAN2#81 some initial considerations were done concerning methods for confining high RoT users on a dedicated secondary carrier [3]. In [4] and [5] more general considerations and examples of possible schemes in order to implement these methods are provided. 
This paper focuses on the layer 1 aspects related to implementation of the methods, described in [4] and [5], for confining high RoT users on a dedicated secondary carrier. First an introduction to the above referred methods is given and then layer 1 aspects such as L1 timing, introduction of a new grant channel, UL and DL synchronization and power control are discussed.
2 Discussion
The WCDMA uplink is non-orthogonal and simultaneously transmitting UEs will therefore interfere with each other. Furthermore, the WCDMA uplink was originally not designed for high bitrates but the evolution to HSPA+ has enabled very high uplink bitrates, which is good for both large uploading and latency for small data packets. To be able to operate with these high bitrates an increased UE transmission power is often needed, creating severe interference for users at the cell edge. This makes the usage of higher bitrates difficult in real networks with mixed traffic.

One solution for enabling higher bitrates, as described in [4], is configuring the UE for operations on two carriers: a primary carrier and a secondary carrier, with the secondary carrier configured as a "clean" carrier, i.e. a data only carrier reserved for high rate and bursty data transmissions. The intention with the clean carrier is to establish 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 on the clean carrier (and vice versa). An initial step to achieve the UL separation among users on the secondary carrier is making use of per TTI scheduling. As a consequence, the secondary carrier operates at 2ms TTI only. Furthermore, voice and random access, which do not allow an efficient user separation, are limited to the primary carrier. As illustrated in Figure 1, the primary carrier can be used as a “Low RoT” carrier in order to protect sensitive services (e.g. voice) as well as SRB and random accesses. The secondary “High RoT” carrier is then dedicated for high rates and bursty transmissions. 
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Figure 1. Separation of data transmissions between a “Low RoT” carrier and a “High RoT” carrier.

A secondary carrier can be used as a clean carrier already today by utilizing the Rel-9 DC-HSUPA feature, but as described in [4], it comes with drawbacks, such as requiring continuous activation and de-activation of the secondary carrier (or requiring frequent transmission of the UL DPCCH if clean carrier users are kept active on the secondary carrier) and the need to maintain mobility on the secondary carrier.
The Rel-9 based clean carrier solution mentioned above and described in [4] has several inefficiencies in terms of signalling and delays, UE battery consumption and UL interference due to DPCCH transmission. In order to overcome these issues an approach based on a cost efficient clean carrier concept, i.e., a "Lean Carrier" approach is proposed in [4].
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 and procedures when not transmitting data

4. Time limited grants

A general description of the Lean carrier concept and layer 2 details can be found in [4]. Physical layer considerations that are outside the scope of [4], e.g. L1 timing, introduction of a new grant channel, UL and DL synchronization,  power control, etc, are discussed in more detail in the following subchapters.
2.1 Layer 1 timing

The layer 1 timing for the Lean carrier can reuse the baseline timing. Figure 2 shows timing relations for baseline E-DCH operation. Uplink transmissions in the figure are indicated in yellow and downlink transmissions are indicated in blue. In the figure a grant is signaled in frame 0 and subframe 0, marked (0,0), and the E-DCH transmission starts 7 slots (4.67 ms) after the E-AGCH transmission has finished. This is the delay budget for decoding the signaled grant and starting the E-DCH transmission. This delay depends on (DPCH. The ACK/NACK need to be signaled 11 slots after the E-DCH transmission ends, which corresponds to a delay budget of 7,33 ms for decoding the data and scheduling of next transmission. It is important to ensure that the available delay budgets are still sufficient when a Lean carrier is introduced. 
Proposal 1
Layer 1 timing for UL transmission on the Lean Carrier is based on legacy E-DCH timing. 
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Figure 2. Timing relations for baseline E-DCH operation.

2.2 UL DPCCH reduction

One of the main objectives with the introduction of a Lean carrier is to reduce control channel overhead. A preliminary proposal is to completely disable the transmission of uplink DPCCH when no uplink data transmission occurs. That is, no DPCCH burst are transmitted between the uplink transmissions, i.e. the UL DPCCH is transmitted without pre- and post-ambles.

Proposal 2
Study UL DPCCH reduction and other ways of reducing overhead on a Lean carrier.
2.3 Synchronization and power control

Before data decoding the NodeB have to perform some level of synchronisation. If UL DPCCH is only transmitted together with data transmissions, and there is no preamble, synchronisation, channel estimation and decoding cannot start before the first received TTI of data arrives. One aspect which needs to be considered is if the delay budget until ACK/NACK needs to be signalled on E-HICH is enough in Lean carrier operation as described above.
Timing information for decoding data transmitted on the secondary carrier can be based on the primary carrier DPCCH.
The power setting for the uplink channels is also crucial for initial transmissions. Mechanisms applied for DC-HSUPA could be re-used or some new functionality could be introduced for securing stable performance of Lean carrier operation. The same power handling as for initial transmission can then also be used for subsequent transmissions and re-transmissions. Another option is to introduce a separate power handling in those cases.
Synchronisation on the UE side is performed per legacy using the downlink P-CPICH of the secondary carrier.
Proposal 3
Study syncronization and power control aspects related to a Lean carrier.
2.4 New grant channel
The motivation for introducing a time limited grant channel is to avoid the drawbacks with operating a clean carrier 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.
Therefore 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 can have the same 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.
Proposal 4
Study the introduction of a new grant channel for a Lean carrier.
3 Conclusion
In this contribution we have discussed layer 1 aspects of Lean carrier, e.g. overhead reduction, synchronization, power control and introduction of a new time limited grant channel.
Proposal 1
Layer 1 timing for UL transmission on the Lean Carrier is based on legacy E-DCH timing. 

Proposal 2
Study UL DPCCH reduction and other ways of reducing overhead on a Lean carrier.
Proposal 3
Study syncronization and power control aspects related to a Lean carrier.
Proposal 4
Study the introduction of a new grant channel for a Lean carrier.


4 References

[1] RP-122019, “New Study Item proposal: Study on Further EUL Enhancements”, Ericsson

[2] R2-130758, “LS on further EUL enhancements”, Ericsson
[3] R2-130249, “Further EUL enhancements - dedicated secondary carrier”, Ericsson, ST-Ericsson
[4] R2-131122, “Further considerations on dedicated secondary carrier”, Ericsson, ST-Ericsson

[5] R2-131121, “Dedicated secondary carrier – introduction of the feature”, Ericsson, ST-Ericsson
[6] R1-131557, “Initial Simulation Assumptions for Dedicated Secondary Carrier”, Ericsson, ST-Ericsson

4/4


[image: image3.png]P-CCPCH

F-DPCH

UL DPCCH

2-ms E-DCH

2-ms E-HICH

2-ms E-AGCH

" SFN=0

Topcn

2 slot

=04 slot

4-7 slot




[image: image4.png]RoT

“High RoT”

carrier
“Low RoT”
carrier
Primary Secondary
carrier carrier



