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1. Introduction

In TR36.913 ‎[1], it is stated that LTE-Advanced should support wider bandwidth than LTE Rel-8, up to 100 MHz. Typically contiguous spectrum is used but ‎[1] states that non-contiguous spectrum should be supported considering reasonable UE complexity. Furthermore, it is stated that operation of LTE and LTE-Advanced should be possible in the same spectrum. This is similar to R99 and HSPA terminals sharing the same carrier.

The rest of this paper discusses some high-level design aspects on LTE-Advanced

2. Carrier aggregation

RAN1 has agreed on carrier aggregation, where multiple component carriers are aggregated to the desired system bandwidth, as the principle for wider bandwidth in LTE-Advanced. An LTE Rel-8 terminal can receive one of these component carriers, while an LTE-Advanced terminal can simultaneously access multiple component carriers. Obviously, to preserve the compatibility with Rel-8 terminals, the Rel-8 numerology (subcarrier spacing, slot length, etc) should be applied to each of the component carriers. 

2.1. Spectrum aggregation

In principle, the component carriers can be either contiguous or non-contiguous (i.e. substantially separated) in frequency. The latter is sometimes referred to as spectrum aggregation. It should be noted that, although straightforward from a baseband perspective, aggregation of non-contiguous spectrum fragments is challenging from an implementation perspective and feasibility heavily depends on the size and location of the spectrum fragments. It is proposed to adopt a similar approach as was used for handling different bandwidths in Rel-8, namely

· Adopt a structure agnostic to contiguous-vs-non-contiguous aggregation in RAN1.

· Define when/if non-contiguous operation is possible in RAN4.

Adopting an agnostic approach (whenever possible) also has the benefit of allowing implementations with a single wideband RF circuitry as well as RF-processing per component carrier also for the case of contiguous component carriers. 

Proposal: Adopt an agnostic approach in RAN1 towards contiguous-vs-non-contiguous component carriers.

2.2. Different uplink and downlink bandwidths

The Rel-8 assumption of supporting different downlink and uplink bandwidths should be kept. In the framework of carrier aggregations, this implies that a different number of component carriers can be aggregated in downlink and uplink.  For example, two component carriers of 20 MHz each can be aggregated in the downlink to obtain a downlink system bandwidth of 40 MHz, while a single 20 MHz component carrier is used in the uplink. Although in principle the same number of component carriers in each direction could be mandated, this could require existing uplink spectrum to be split into multiple component carriers less than 20 MHz with a corresponding negative impact on the performance for existing Rel-8 UEs.

To handle system bandwidths not a multiple of 20 MHz, carrier aggregation should not be limited to the case of 20 MHz component carriers only but allow aggregation of smaller component carriers. However, some limitations on the allowed combinations may be needed in order not to end up with an unreasonable amount of combinations. For example, the bandwidth difference between the component carriers could be limited to a maximum of a factor two. This would allow an aggregation of e.g. 20 MHz and 10 MHz carriers but not an aggregation of 20 and 1.4 MHz carriers. The question is if such constraints need to be reflected in RAN1 specifications or if it can simply be taken care of in the RAN4 specifications (limiting the number of combinations) while keeping  close to total flexibility in the RAN1 specifications.
Proposal: Different numbers of component carriers in uplink and downlink should be supported. 
3. Downlink

Implementing a downlink for very wide bandwidths, up to 100 MHz, is challenging also in the near future. A single very wideband power amplifier may not be cost efficient (or even feasible) and a structure with a power amplifier per component carrier may be the preferred implementation from a complexity perspective even for the case of frequency-contiguous component carriers. Transmitter, as well as receiver, implementations are typically not visible in the RAN1 specifications, but it is important that the carrier-aggregation structure used for LTE-Advanced allows for different transmitter and receiver implementations.
3.1. Component-carrier spacing

The maximum bandwidth of a component carrier should be 110 RB, i.e. the same value as in the Rel-8 specifications. This is inline with the decision to use carrier aggregation for wider bandwidths and avoids significant changes to already taken decisions.

The component carrier spacing should take the two aspects below into account:

· To be visible to a Rel-8 terminal, component carriers should be placed on a 100 kHz grid. 

· To allow for implementations with a single FFT spanning multiple component carriers (at least in the case of contiguous component carriers), the component-carrier spacing should be a multiple of 15 kHz. Component carriers should be time-aligned to enable processing with a single FFT.
To fulfill these requirements, some reserved subcarriers may need to be inserted between two component carriers as illustrated in Figure 1. The number of reserved downlink subcarriers is at most 19 for the bandwidths currently specified in RAN4. In principle, those subcarriers might be used for data transmission to a LTE-Advanced terminal, but the net gain in spectrum efficiency from defining (fractional) resource blocks need to be weighted against the additional specification and implementation complexity.
The exact component carrier spacing for aggregated spectrum configuration is related to RF requirements and is therefore up to RAN4 to specify.

Proposal: A component carrier is at most 110 RB wide. The exact component-carrier spacing is for RAN4 to discuss but it should be possible to set to a multiple of both 15 kHz and 100 kHz. 
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Figure 1: Component carrier spacing.
3.2. Backwards-compatibility of component carriers

If a component carrier is to be accessed by a Rel-8 UE, reference signals, control signaling, etc has to be Rel-8 compliant. If a component carrier is not to be accessed by a Rel-8 UE, this is strictly not necessary. However, the Rel-8 structure should be the starting point also for such component carriers and any deviation must be clearly motivated by substantial gains in performance and/or complexity.

One example of backwards compatibility is cell search. For a component carrier to be visible to Rel-8 terminals, the synchronization signals and the PBCH must be present according to the Rel-8 specifications, while for a component carrier intended for LTE-Advanced terminals only, this is not required. In principle, the specifications could allow for both cases, i.e. component carriers with as well as without synchronization signals and PBCH. However, as the overhead is small (0.5% in 20 MHz) and to reduce the number of options to simplify testing, it may be preferred allocating resource elements for synchronization signals and PBCH on all component carriers.  Cell search for LTE-Advanced could be performed in the same way as for an Rel-8 terminal. The component carrier upon which the terminal first found synchronization upon can be referred to as the anchor carrier (as seen from the UE). Once synchronization to the anchor carrier has been obtained, higher layer signaling (system information or dedicated signaling) informs the LTE-Advanced terminal about other component carriers it should connect to.

Control signaling design for LTE-Advanced depends on the features included. The Rel-8 structure using resource-element groups and control-channel elements should be retained from a backwards compatibility aspect. The benefits from deviating from this structure for LTE-Advacned are far from clear.

A similar discussion can be made for reference signals. However, the introduction of eight-layer spatial multiplexing in the downlink requires additional reference signals. To allow for a component carrier to be accessible by LTE-Advanced as well as Rel-8 UEs, reference signals for antenna ports not part of the Rel-8 specifications can only be present in resource blocks not scheduled to Rel-8 UEs or has to be “hidden”, e.g. by using some unused CCEs in the control signaling.

Proposal: Any deviation fromt the Rel-8 structure of a component carrier must be clearly motivated by substantial gains in performance and/or complexity.

3.3. UE reception bandwidth

With the increased bandwidths supported by LTE-Advanced terminals, it becomes increasingly important to define mechanisms for efficient power savings at the terminal. In principle, the power consumed can be divided into three parts: analog front-end, analog-to-digital conversion and baseband processing. 

· Analog front-end: the power consumption roughly scales with the bandwidth. Some improvement can be expected as semiconductor technology advances (decreased linewidth, etc), but note that the performance for analog circuits generally does not improve as quickly as for digital processing.

· Analog-to-digital conversion: approximately double the power consumption for 100 MHz in 2014 compared to 20 MHz in 2009 can be expected based on ‎[2]. 

· Baseband processing: the power consumption is mainly related to the data rate and not to the actual transmission bandwidth. Decreased linewidth and lower supply voltage will also help in reducing the baseband power consumption.  Note that a higher data rate implies a faster transfer of a given amount of data and the terminal can thus return to power-efficient sleep states quicker.

Thus, it is expected that the analog front-end and analog-to-digital conversion will correspond to a larger part of the terminal power consumption in LTE-Advanced than in to LTE Rel-8.  To address this, efficient methods for receiving on a low bandwidth are essential for making LTE-Advanced terminals attractive from a power-consumption point-of-view. Constantly receiving signals on all component carriers is not power efficient. Hence, LTE-Advanced should include mechanisms allowing the terminal to monitor a single component carrier and only receive multiple component carriers when useful for data reception. One possible solution could be to restrict the L1/L2 control signaling to a single component carrier in conjunction with per-component carrier DRX mechanisms ‎[1].
Proposal: Include mechanisms to allow an LTE-Advanced terminal to monitor a smaller bandwidth than the system bandwidth.
4. Uplink
A LTE-Advanced terminal obviously needs to be able to access a base station implemented according to the Rel-8 specifications. Therefore, the Rel-8 transmission scheme (DFTS-OFDM) as well as the Rel-8 uplink control signaling structure need to be supported by all LTE-Advanced terminals when transmitting on a single component carrier.

The DFTS-OFDM transmission scheme was carefully selected for LTE as it minimizes the power back-off in the PAs and thereby maximizes the uplink coverage. Minimization of the power back-off is equally relevant for LTE-Advanced. Consequently, DFTS-OFDM should be the basis for the LTE-Advanced uplink transmission scheme. To handle multiple component carriers, DFTS-OFDM can be generalized into clustered DFTS-OFDM (CL-DFTS-OFDM), which has been shown to have a lower cubic metric than other schemes ‎[3]. It is therefore suggestred to consider DFTS-OFDM for a group of component carriers transmitted using the same PA. In case of spectrum aggregation, where separate PAs are used for the component carriers in different frequency bands, the power back-off per (group of) component carriers is the relevant measure. Thus, if the terminal supports aggregation of spectrum across bands, CL-DFTS-OFDM is applied per group of component carriers as illustrated in Figure 2.

Proposal: (MC-CL-)DFTS-OFDM should be supported for uplink transmission.
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Figure 2: Example of clustered DFTS-OFDM (CL-DFTS-OFDM) and its generalization to spectrum aggregation (MC-CL-DFTS-OFDM).

5. Conclusions

It is proposed to capture the following in the RAN1 technical report on LTE-Advanced:

· Adopt an agnostic approach in RAN1 towards contiguous-vs-non-contiguous component carriers.
· Different numbers of component carriers in uplink and downlink should be supported. 
· Component carriers… 

· …have the same numerology as Rel-8 carriers

· …is at most 110 RB wide. 
· The exact component-carrier spacing is for RAN4 to discuss but it should be possible to set to a multiple of both 15 kHz and 100 kHz. 

· Include mechanisms to allow an LTE-Advanced terminal to monitor a smaller bandwidth than the system bandwidth.

· (MC-CL-)DFTS-OFDM should be supported for uplink transmission.
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