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1 Introduction
This document considers downlink aspects of E-UTRA that fulfill the following tentative requirements for 3G long term evolution (where it is understood that the actual requirements for 3G LTE is part of the ongoing work of TSG-RAN):

· support for higher peak data rates (up to 100Mbps in 20MHz bandwidth, i.e. the ratio of peak data rate to channel bandwidth shall be at least 5 times)
· support for higher cell-edge rates, 3 to 4 times the cell edge rate of Release 6.

· 4 times the spectral efficiency of Release 6 
· reduced backhaul cost
· reduced latency ([R]TT below 10ms)

· scaleable bandwidth (1.25MHz, 2.5MHz, 5MHz, 10MHz, 20MHz)

· use in paired and unpaired spectrum
It is proposed that the uplink and downlink for LTE are based on self-contained, time-slotted air interfaces. Such air interfaces are applicable to both paired and unpaired spectrum. The document proposes that the downlink air interface is based on parallel orthogonal transmissions such as are provided by CDMA. Such an air interface can be used with the short-code CDMA based air interface proposed in [1] for the uplink.
2 Multiple Access Scheme
2.1 Modulation
The modulation scheme for the LTE downlink should consist of parallel orthogonal transmissions. These transmissions should be self-contained and time-slotted. A self contained transmission:

· contains features necessary to counteract intersymbol interference within the timeslot

· contains sufficient pilot information to allow for any channel estimation to demodulate the timeslot

Any single timeslot can have multiple users multiplexed onto it.

Specifically, the timeslot should not require continuous pilots to allow for demodulation as this reduces UE battery lifetime and works against use in unpaired spectrum. Any common pilot (beacon) information would be transmitted on a specific set of physical resources at a specific time.
2.2 Time-related aspects

The duration of the timeslot may be changed according to the bandwidth being served (1.25MHz, 2.5MHz, 5MHz, 10MHz, 20MHz etc.) in order to provide an optimum balance between latency, performance and required overhead for training sequences. The LTE timeslot duration should either be an integer multiple of or an integer divisor of 667s (this helps from a backwards compatibility perspective).
Use of a smaller quantum of time (than a 667s timeslot) allows for latency reduction but may come at the expense of increased overhead for channel estimation if the data unit is to be self-contained. 
It is assumed that E-UTRAN is a packet switched system. The packet switched signal is controlled by a scheduler within UTRAN. The scheduler schedules common signals and users with resource into each timeslot. 
2.2.1 Measurement support

In order to support measurements, E-UTRAN is able to not schedule UEs during a measurement period. During this measurement period, the UE is able to perform inter-system and inter-frequency measurements: Figure 1. The time domain structure of the self-contained modulation allows these measurements to be performed without features akin to compressed mode.
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Figure 1 - Support for measurements via scheduling of DTX symbols in E-UTRA
2.2.2 Segregation in time

The times at which downlink timeslots are transmitted is totally under control of the E-UTRAN scheduler. The E-UTRAN scheduler is thus able to segregate E-UTRA transmissions. When not scheduling standard downlink E-UTRA timeslots, the E-UTRAN scheduler may schedule other signals, for example:

· E-UTRAN may transmit different air interfaces when not transmitting E-UTRA as long as the E-UTRA timeslots are self-contained. This allows for forward compatibility to further future evolutions of the 3G air interface (assuming these air interfaces are also timeslotted and that their modulations are self contained).
· E-UTRAN may schedule different E-UTRA modulation variants in different timeslots. For example, some timeslots may be MIMO timeslots whereas others may be non-MIMO timeslots. The ability to separate the transmissions in time allows for MIMO and non-MIMO UEs to be easily accommodated within the same frame structure and on the same carrier.
Examples of the features that can be supported via time segregation are illustrated in Figure 2.
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Figure 2 - Features that can be supported by time segregation

2.2.3 Usage in Unpaired Spectrum
E-UTRAN may schedule some timeslots as downlink timeslots and DTX other downlink timeslots to allow for time-slotted uplink transmissions (this allows for operation in unpaired spectrum as per the requirement of section 1). When operating in this unpaired spectrum mode, E-UTRAN can schedule some portions of the timeslot to provide a guard period between downlink and uplink transmissions to allow for timing advance and for full recovery of the time-dispersed signal on downlink prior to the commencement of the uplink transmission.
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Figure 3 – Usage in unpaired spectrum
Note that a timeslotted downlink multiple access scheme allows for operation in unpaired spectrum in addition to operation in paired spectrum.
2.2.4 Timeslot Re-use
Timeslot re-use enables improved C/I conditions to be experienced by cell edge users. The improved C/I conditions allow for better cell-edge rates to be achieved. 

Timeslot re-use can either be applied by a centralised scheduler or by a non-centralised scheduler. When a centralised scheduler is employed, timeslot re-use can be applied dynamically whereby the timeslot re-use pattern is adapted on a frame by frame basis. When non-centralised schedulers are employed, each non-centralised scheduler can be assigned a timeslot re-use pattern by an E-UTRAN element at a higher level of hierarchy. Elements of the dynamic centralized and semi-static non-centralised approaches can be applied in the same network.
The temporal aspects of timeslot re-use are illustrated in Figure 4. This figure shows the LTE frame segmented into an N=1 section where timeslot re-use is not applied and an N=3 section where timeslot re-use is applied. In the N=3 section of the frame structure, the intercell interference in the serving cell is significantly reduced when the serving cell is transmitting. This reduction in intercell interference can significantly improve the data rates seen by cell-edge users. 
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Figure 4 - Temporal aspects of timeslot re-use
Timeslot re-use and macro-diversity was found to significantly increase MBMS throughput for TDD. It is envisaged that the ability to apply timeslot re-use would significantly increase LTE MBMS throughput in both paired and unpaired spectrum. 
Timeslot re-use is enabled via the use of self-contained time-slotted transmissions.
2.3 Intercell Interference Mitigation
Intercell interference mitigation techniques cancel interference from neighbouring cells.

The benefits of mitigating intercell interference can be substantial: improvement in link budget, increased cell edge rates and average sector throughputs. It is feasible to extend the R6 TDD air interface to support intercell interference mitigation (by including interfering codes from neighbour cells as well as intracell interfering codes in the multi-user detection process). 
The DL air interface for LTE should also allow for intercell interference mitigation. 
2.4 Support for multiple duplexing methods
The proposed multiple access scheme (consisting of a self-contained, timeslotted modulation) allows for three duplexing methods to be supported:

· FDD (full duplex). In this mode of operation (Figure 5), the downlink and uplink are independent from a scheduling perspective. The uplink scheduler can be run independently of the downlink scheduler. The uplink and downlink carriers operate on separate frequencies with a duplex spacing between the carriers. 
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Figure 5 - FDD full duplex operation

· FDD (half duplex). In this mode of operation, the uplink and downlink carriers are scheduled jointly. A UE that operates in half duplex mode is never allocated both uplink and downlink at the same time (full duplex UEs may be scheduled uplink and downlink at the same time). However the LTE Node-B is able to allocate some UEs in the uplink while other UEs are allocated in the downlink. A half duplex UE does not require a duplexer and will have an improved noise figure compared to a full duplex UE. This duplex mode supports a variable duplex spacing.
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Figure 6 - FDD half duplex operation

· TDD. In this mode of operation, uplink and downlink are supported on the same carrier in a half duplex fashion. This mode of operation has some similarities to the FDD (half duplex) mode of operation, but only a single carrier is used. When operated in this TDD mode, the LTE multiple access scheme can be applied for use in unpaired spectrum.
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Figure 7 - TDD operation

Note that for the sake of simplicity, the figures in this section show a single user occupying a timeslot, but in reality multiple users will be multiplexed orthogonally onto each timeslot.
Note that the FDD (half duplex) and TDD modes of operation assume a time-slotted uplink [2] as well as a time-slotted downlink. 

3 Proposal

This document proposes that the downlink multiple access scheme has the following features:

· parallel, orthogonal transmissions
· time-slotted
· self contained transmissions that do not require continuous pilots
4 Conclusions

The document proposes that the LTE downlink should be based on a time-slotted, self contained, orthogonal multiple access scheme and should not rely on continuous transmissions (such as continuous pilots). The number of time slots per radio frame should be configurable, this enables optimisation of the framing for different channel bandwidths and different latency requirements. Such an approach to the LTE downlink enables the following [tentative] LTE requirements to be met:

· support for higher peak data rates

· support for higher cell edge rates (through timeslot re-use and intercell interference cancellation techniques)

· reduced backhaul costs (timeslot re-use and intercell interference mitigation techniques remove the need for soft handover since the C/I is improved at the cell edge)

· scaleable bandwidth 

· use in paired and unpaired spectrum

A time-slotted multiple access scheme consisting of parallel orthogonal transmissions is well suited to the support of packet-based services and simplifies measurements by removing the need for compressed mode operation.

The use of downlink intercell interference mitigation allows the complexities arising due to soft handover in Rel-6 to be avoided whilst boosting the cell edge rate and increasing average sector throughput.
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Note: scheduler can schedule a guard period for the system.








Note: scheduler can schedule a guard period for a UE.





Note: DL and UL are never scheduled together to a UE at the same time.
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Note: number and position of downlink and uplink switching points is under the control of the scheduler / RRM








