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1. Introduction

This paper summarizes our current view on the basic principles for an Evolved UTRA radio-access concept in support of the “Evolved UTRA and UTRAN” Study Item (SI) [1]. The paper is based on the co-sourcing companies contributions to the RAN1#40-bis meeting (Beijing). 

2. Duplex scheme

Evolved UTRA should support frequency-division duplex (FDD) as well as time-division duplex (TDD), using the greatest possible commonality of design. Half-duplex FDD should also be considered. Additionally, unidirectional operation in unpaired spectrum (e.g. stand-alone broadcast) should be supported, provided UE complexity is not impacted.

3. Downlink transmission scheme

3.1. Basic transmission scheme

The downlink transmission scheme should be based on Orthogonal Frequency Division Multiplex (OFDM). OFDM is well suited to meet the requirements for Evolved UTRA [2], with key attributes of OFDM-based downlink multiple access including:

· OFDM provides good link performance, especially in case of high-spectral-efficiency transmission such as spatial multiplexing  (MIMO)

· OFDM provides accessibility to the frequency domain for channel-dependent scheduling and link adaptation, thus offering the possibility for improved spectral efficiency

· With OFDM it is straightforward to achieve soft radio-link combining for broadcast transmissions, thus improving the coverage and spectral efficiency for broadcast services

· OFDM offers fully scalable bandwidth modes to suit varying spectrum allocations and regulatory regimes.

· OFDM offers the possibility for a fine spectrum granularity that allows for smooth (coordinated) migration of Evolved UTRA into e.g. 2G spectrum

· OFDM requires moderate receiver complexity, especially for multi-antenna or high bandwidth channel configurations

At the same time, the high peak-to-average-power ratio (PAPR) of OFDM, one of the main reasons for not using OFDM for the uplink, is not a major issue for the downlink.

3.2. Adaptive transmission

Evolved UTRA should allow for downlink frequency-domain adaptation (channel-dependent scheduling and/or rate control) in addition to time-domain adaptation as already adopted for HSDPA. The signaling overhead in both uplink and downlink should be considered.
3.3. User multiplexing

Evolved UTRA should allow for user multiplexing in both time domain (TDM) and frequency domain (FDM). As one of the main reasons to apply OFDM is to avoid intra-cell interference in case of a frequency-selective channel, there seems to be little reason for user multiplexing in the code domain (CDM). However, CDM could be considered for Evolved UTRA in some special cases, such as for low-rate, bursty, control signaling. 

3.4. Transmission parameters

Evolved UTRA should rely on a basic clock rate well-matched to the UTRA chip rate of 3.84 Mcps.

For backwards-compatibility reasons, Evolved UTRA should retain the 10 ms radio frame of earlier UTRA releases. However, in order to achieve reduced user plane delay and fulfill a target RAN RTT less than 10 ms, Evolved UTRA should rely on a shortened minimum TTI, in the range 0.5 ms to 0.75 ms, compared to the 2 ms minimum TTI of UTRA release 6. The use of additional longer TTIs for more efficient operation (e.g. lower rates and QoS optimization) should be considered.
3.5. OFDM symbol construction

The Evolved UTRA downlink should be based on a frequency-scalable approach to OFDM symbol construction, where the change in occupied bandwidth associated with a given bandwidth mode is controlled by varying - for a given sub-carrier spacing - the number of active sub-carriers. The aggressive schedule for Evolved UTRA study item completion suggests that deviating from a ‘classical’ approach to OFDM symbol construction should be justified by significant benefits in terms of guard interval reduction or spectral occupancy. The possibility of supporting more than one cyclic prefix duration – where a longer cyclic prefix could e.g. targeted at broadcast or large- cell scenarios – should be considered.

3.6. Downlink channel coding

Considering the time-constrained schedule for the Evolved UTRA study item, it is important to avoid protracted discussions on channel coding parameters. Any new channel-coding scheme needs to be benchmarked in terms of complexity and performance against the current UTRA Release 6 channel-coding scheme and must offer a significant performance improvement and/or reduction in complexity. Turbo codes with larger block sizes, additional polynomials for lower channel-coding rates, and no tail configurations should be considered. If very low code rates are needed in some cases, that should be achieved by additional repetition coding, i.e. spreading in time and/or frequency domain.

Note that, similar to earlier UTRA releases, specific coding schemes may be considered for different types of lower-layer control signaling.

3.7. Downlink hybrid ARQ

Incremental Redundancy (IR) should be used for downlink Hybrid ARQ. Note that Chase combining is a special case of Incremental Redundancy.

3.8. Downlink modulation

Evolved UTRA should support at least QPSK, 16QAM. 64QAM should also be considered.

3.9. Downlink frequency reuse

The possibility to operate with one-cell frequency reuse is necessary in order to fulfill the Evolved UTRA peak-data rate requirements (> 100 Mbps) in a 20 MHz spectrum allocation. 

At the same time, operation with a frequency reuse larger than one, i.e. frequency-domain orthogonality – or at least interference control – between neighbor cells, could significantly reduce the cell-edge interference level and may thus improve the achievable data rate (quality) at the cell edge. Such a larger-than-one frequency reuse can straightforwardly be implemented by means of e.g. restrictions to the Node B scheduler coordinated between multiple cells. 

3.10. Downlink macro diversity 

Downlink soft handover was removed already for HSDPA and should not be used for Evolved UTRA. However, in contrast to HSDPA, Evolved UTRA should support fast cell selection in order to improve spectral efficiency and cell-edge data performance. Fast intra-Node-B selection (“fast sector selection”) should, at least in principle, operate on a frame basis. Depending on the Evolved UTRAN architecture, fast inter-Node selection may be somewhat slower but should still be substantially faster than current release 6 hard handover. 

3.11. Support of multiple antenna techniques

Evolved UTRA should provide support for advanced multi-antenna techniques including MIMO, beam-forming, SDMA etc. and should fully exploit receive diversity at the UE.

4. Uplink transmission scheme

4.1. Basic transmission scheme

The basic principles for the Evolved UTRA uplink transmission scheme are:

· Low-PAPR single-carrier transmission

· FDMA with dynamic bandwidth allocation

· Use of cyclic prefix
Low-PAPR “single-carrier” transmission

The important requirement of high data rates with wide-area coverage (“high cell-edge bit rate”) implies that Evolved UTRA should allow for high-power transmission without excessive UE cost and power consumption.  The power amplifier is a key component in terms of cost and power consumption of the UE radio parts. Furthermore, it is well known that the most important factor that determines the cost and power consumption of the power amplifier is the peak power that needs to be supported. Thus, the possibility for low peak-to-average-power (PAPR) uplink transmission is a critical factor in order to provide high data rates with wide area coverage. 

For this reason, Evolved UTRA should rely on low PAPR “single-carrier” transmission for the uplink.

FDMA with dynamic bandwidth allocation

To further improve the wide-area data rates, Evolved UTRA should allow for uplink intra-cell orthogonality, i.e. intra-cell-interference-free uplink transmission. Intra-cell interference can be avoided by means of user separation in the time domain (uplink time-domain scheduling or TDMA). In many cases, the uplink data rates may be power limited rather than bandwidth limited, leading to inefficiency. Thus, in addition to uplink TDMA, Evolved UTRA should also support multiple users in the frequency domain (uplink frequency-domain scheduling or FDMA). The size of the frequency-domain allocation (the instantaneous transmission bandwidth to a single user) should vary dynamically in order to allow for different uplink data rates.

The possibility for intra-cell orthogonality also implies that one can separate data transmission and e.g. signaling for random access. This will reduce the need for slow power ramping for random access and will therefore offer the possibility for faster initial access.

Cyclic prefix

In order to allow for reduced equalizer complexity a cyclic prefix should be added to the uplink transmission. 

4.2. Adaptive transmission

Similar to the downlink, the uplink scheduler at the base station should be able to use knowledge of the instantaneous uplink quality in the scheduling decision (what UE should transmit in a certain frequency band at a certain time and what data rate to use), i.e. frequency- and time-domain adaptation. The signaling overhead in both uplink and downlink should be considered.

4.3. Localized / distributed FDMA

There are in essence two means to provide uplink “single-carrier” FDMA 

· Frequency-Specific (“Localized”) FDMA, where a UE is allocated a single continuous frequency band

· Frequency-Diverse (“Distributed”) FDMA, where a UE is allocated a comb-shaped spectrum.

Both these schemes, including a combination, should be considered.

4.4. Combined scheduled/contention-based access

Scheduled access should be the main transmission mode for the uplink, i.e. a UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. However, contention-based access should also be supported. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signaling. 

4.5. Uplink Channel coding 

The comments on the downlink channel coding apply to the uplink. UE-specific scrambling should be applied to the user transmission in order to ensure that the receiver properly suppresses interference from UEs in other cells as well as other UEs in the same cell (in case of contention-based data access). 

4.6. Uplink Hybrid ARQ

Incremental Redundancy (IR) should be used for uplink Hybrid ARQ. Note that Chase combining is a special case of Incremental Redundancy.

4.7. Uplink modulation schemes

The Evolved UTRA should support at least QPSK and 16QAM for the uplink.

4.8. Uplink power control

For the uplink, slow power control, being able to compensate for path loss and shadowing, should be supported. 

4.9. Uplink timing control

Uplink timing control, able to align uplink transmissions (including the delay spread) within the cyclic prefix, should be supported

4.10. Uplink frequency reuse

Similar to the downlink, and for the same reasons, the uplink should be based on one-cell frequency reuse. A frequency reuse larger than one, offering the possibility for improved cell-edge performance, can then be achieved by means of interference management, including restrictions in the frequency-domain scheduling.

5. Summary, conclusions, and recommendations

Evolved UTRA should be based on the following principles:

Downlink 

· Basic transmission scheme: Orthogonal Frequency Division Multiplex (OFDM)

· Adaptive transmission: Frequency- and time-domain adaptation

· User multiplexing: Primarily by means of FDM + TDM. CDM could be considered in some special cases, such as for lower-rate control signaling

· Channel coding: Schemes deviating fundamentally from Release 6 principles should demonstrate significant performance or complexity improvements.

· Hybrid ARQ: Incremental Redundancy (Chase combining as a special case)

· Modulation schemes: At least QPSK, 16QAM. 64QAM should also be considered.

· Frequency reuse: One-cell frequency reuse to be supported. Frequency reuse larger than one implicitly supported as part of frequency-domain scheduling and interference management.

· Macro diversity: Macro diversity by means of fast cell selection, very fast for fast intra-Node-B (“intra-sector”) selection, perhaps somewhat slower for fast inter-Node-B selection
Uplink

· Basic transmission scheme: Low-PAPR (“single-carrier”) FDMA with dynamic bandwidth allocation

· Adaptive transmission (channel-dependent scheduling and link adaptation): Frequency- and time-domain adaptation

· Channel coding: Schemes deviating fundamentally from Release 6 principles should demonstrate significant performance or complexity improvements.
· Hybrid ARQ: Incremental Redundancy (Chase combining as a special case) 
· Modulation schemes: At least QPSK and 16QAM
· Frequency reuse: One-cell frequency reuse. Frequency reuse larger than one possible as part of frequency-domain scheduling and interference management.
We propose this is adopted as working assumptions for Evolved UTRA. 
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