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1. Introduction

At the 3GPP TSG RAN #26 meeting, the study item (SI) description regarding the “Evolved UTRA and UTRAN” [1] was approved. Furthermore, some text proposals for the requirement TR were agreed upon as a first step in the RAN Long-Term Evolution (LTE) meeting in March 2005 [2]. One main topic for RAN1 will be to decide on the multiple access scheme that will be used within the following WI “Evolved UTRA and UTRAN.” This document presents NTT DoCoMo’s concepts and proposals for the uplink multiple access scheme for the Evolved UTRA. 

2. Views on Uplink Radio Access

DoCoMo’s views on the uplink radio access are described below.

1) To achieve high system capacity, one-cell frequency reuse is essential in cellular environments with multi-cell configurations.

2) Power-efficient transmission is necessary considering restrictions on the transmission power of the UE terminal unlike the situation in the downlink.

3) Application of orthogonality between simultaneously accessing users in the frequency and time domains is very beneficial in improving the system capacity and the achievable data rate.

4) Assuming a scalable multiple channel bandwidth of up to 20 MHz, we propose a variable transmission bandwidth based on a single-carrier approach. The optimum transmission bandwidth is assigned according to the data rate, based on the tradeoff relationship between the increasing frequency diversity effect and the degradation in the channel estimation accuracy.

3. Uplink Transmission Scheme

3.1. Single-Carrier Based Radio Access

Support of wide area coverage is one of the most important requirements not only in the Evolved UTRA, but also for all cellular systems that have been developed. Single-carrier radio access provides a peak-to-average power ratio (PAPR) that is inherently lower than multicarrier based radio access such as Orthogonal Frequency Division Multiple Access (OFDMA). This feature is very advantageous for enabling low power consumption of the UE terminal. Therefore, DoCoMo’s main proposal regarding the uplink radio access is single-carrier based radio access, although we recognize that there are some advantages to using multicarrier based radio access. 

The proposed single-carrier based radio access has the following features.

1) Application of simplified equalization in the frequency domain through the use of a cyclic prefix at every FFT processing block.

2) Orthogonality is employed among simultaneously accessing users in the frequency domain in addition to the time domain.

Since we use time domain packet scheduling for all physical channels, orthogonality among users in the time domain is achieved. Furthermore, we propose the use of orthogonality among users in the frequency domain in addition to the time domain: Localized FDMA and Distributed FDMA (comb-shaped spectrum) [2]. Through the appropriate combination of the localized FDMA and distributed FDMA, intra-cell interference can be avoided. 

3) We apply spreading including very low-rate channel coding in a part of the spreading.

The “gain” from suppressing the inter-cell interference is necessary to achieve one-cell frequency reuse.  Therefore, we first reduce the channel coding rate up to approximately Rmin = 1/5-1/9, because the channel coding gain is more effective than the spreading gain [3]. In addition, we use spreading (repetition) when further processing gain is required. Therefore, the spreading is used only to suppress inter-cell, residual intra-cell, and multipath interference (MPI).  We do not employ code multiplexing for the same user (i.e., multicode transmission).

4)  We also proposed adaptive controls of the spreading factor (SF) and chip repetition factor (CRF) according to various radio conditions, the cell structure, and the number of accessing users, which was proposed as variable spreading and chip repetition factor (VSCRF)-CDMA. When the inter-cell interference is severe in cellular environments, we use spreading in addition to the use of a very-low coding rate. Meanwhile, we do not use spreading along with a high coding rate particularly in local areas, where the inter-cell interference is small. When there are multiple accessing uses in the same frequency block, we increase the chip repetition factor value so that the orthogonality among users is achieved. Then, in a single-user case, we do not employ chip repetition. In this way, we can achieve the maximum link capacity according to the cell environment and the number of simultaneously accessing users for scheduled channels. 

3.2. Multicarrier Based Radio Access: VSF (Variable Spreading Factor) - Spread OFDM

Although the multicarrier approach incurs an increase in the PAPR, it has an advantage in mitigating the MPI using a low symbol rate per sub-carrier associated with the use of the cyclic prefix. OFDMA radio access can achieve a higher data rate than the single-carrier based access in a high received signal-to-interference plus noise ratio (SINR) region such as local areas with a short cell radius.  In particular, in MIMO multiplexing/diversity applications, a higher data rate and lower computational complexity of the signal detection at a receiver compared to single-carrier based access are possible (note that singe-carrier based access requires the use of a MPI canceller before signal detection). 

4. Physical Channel Structure

Although further investigation is necessary, the current DoCoMo proposals regarding the physical channel structures in the uplink are described below.

· Uplink Contention-based Channel 

·  Fast Access Channel

- Control signaling and traffic data with a relatively small payload

- Short delay requirement

·  Reservation Channel

- Reservation information of scheduled channels

·  Uplink Synchronization Channel (for time alignment) (FFS)

· Uplink Scheduled Channel

·  Shared Data Channel 

- Traffic Data and Layer 3 control messages

- Use channel-dependent scheduling

- Use link adaptation and hybrid ARQ

- Power-efficient transmission should be achieved

· Shared Control Signaling Channel 

- Physical control message, Layer 2 control message (FFS)

- Required high quality transmission, i.e. low block error rate (BLER)

- Channel-dependent scheduling is not employed

- Use accurate transmission power control

5. Multiplexing and Scheduling

5.1. Multiplexing of Uplink Contention-Based Channel and Uplink Scheduled Channel

In DoCoMo’s proposal, the multiplexing of the uplink contention-based channels and uplink scheduled channels is accomplished by using TDMA, FDMA, and a hybrid of TDMA/FDMA. In particular, the hybrid of TDMA/FDMA is beneficial in flexibly supporting a variable transmission bandwidth. Thus, we do not employ CDMA for multiplexing contention-based channels and scheduled channels. 

For the Evolved UTRA focusing on a channel bandwidth wider than 5 MHz, the effective use of frequency diversity (randomization effect in the frequency domain) and/or multiuser diversity in the frequency domain by frequency channel-dependent scheduling is essential. Thus, we propose the appropriate use of frequency diversity and frequency scheduling for the respective physical channels.

(1) Frequency diversity

Entire channel bandwidth (including distributed sub-carriers throughout the entire channel bandwidth) is utilized by employing interleaving of encoded bits or spreading over multiple sub-carriers.

(2) Multiuser diversity by channel-dependent scheduling

The channel bandwidth is segmented into multiple chunks in each transmission time interval (TTI), and channel-dependent scheduling in the frequency and time domain assigns these chunks to each user based on its conditions.

In DoCoMo’s proposal, the two diversity schemes are suitably applied to the respective physical channels considering their features as briefly explained in Sections 5.2 and 5.3. 

5.2. Multiplexing of Uplink Contention-Based Channel

In the Uplink Contention-based Channel, contention is allowed to achieve a short transmission delay for the channel. Furthermore, we use frequency diversity through a wide channel bandwidth according to the data rate. This is because the frequency diversity effect with a wider bandwidth is beneficial in decreasing the instantaneous fading variations owing to the increasing number of paths in order to achieve a short transmission delay. Power ramping should be avoided. We propose two transmission candidates for the Contention-based channel as follows.

(1) Using the entire channel bandwidth 

Fluctuation of the received signal in the time domain is reduced by frequency diversity. In the method, two types of transmission schemes are considered: using a comb-shaped spectrum or without using a comb-shaped spectrum. Collision of simultaneous access packets is avoided by orthogonality in the frequency domain (i.e., FDMA) and that of the code domain (i.e., CDMA) with a comb-shaped spectrum and only by CDMA without a comb-shaped spectrum.
(2) Use one (some) chunk(s) (frequency block(s)) by FDMA 

When the data rate is low, an excessively wide channel bandwidth degrades the achievable data rate or capacity performance due to the increasing channel estimation error. Thus, in such a case, it is better to use one (some) chunk(s) based on the single-carrier approach rather than use the entire channel bandwidth. Therefore, the optimum transmission bandwidth should be assigned according to the data rate.  In the approach, similar to the first method using the entire channel bandwidth, transmission schemes with a comb-shaped spectrum and without using a comb-shaped spectrum are candidates.   

5.3. Multiplexing and Scheduling of Uplink Scheduled Channel

·  Shared Control Signaling Channel 

We do not apply channel-dependent scheduling to the Shared Control Signaling Channel, although the channel is scheduled based on the demand of subsequent Shared Data Channels. We basically apply frequency diversity to the channel. This is because large frequency diversity through a wide channel bandwidth is very beneficial in guaranteeing the required low BLER performance. Similar to the Uplink Contention-based Channel, two transmission methods are considered.

(1) Use the entire channel bandwidth 

(2) Use one (some) chunk(s) (frequency blocks) by FDMA 

Similar to the Uplink Contention-based Channel, the optimum transmission bandwidth should be assigned according to the data rate.

·  Shared Data Channel 

We apply channel-dependent scheduling for the Shared Data Channel to obtain large multiuser diversity. We propose two types of channel-dependent packet scheduling methods as follows.

(1) Time domain channel-dependent scheduling using fixed FDMA

· Pilot for channel quality measurement is transmitted only in the assigned chunk 

· Time-domain channel-dependent scheduling is applied

· The chunk bandwidth should be large enough to accommodate a large number of users in the same chunk in order to obtain sufficient multiuser diversity such as 5 MHz (detailed value is FFS).

· Distributed FDMA with comb-shaped spectrum or localized FDMA in the same chunk is used to accommodate low-rate channels.

· Multiuser signals can be orthogonal in the frequency domain by using localized FDMA between the chunks and further FDMA in the same chunk.

· Sub-carrier spacing of comb-shaped signal or localized FDMA signal within chunk should be large so that the influence from phase noise and frequency drift is negligible.

· Sub-carrier spacing should be optimized from the tradeoff relation between increase in frequency diversity effect and avoidance of residual multiuser interference.

(2) Frequency-time domain channel-dependent scheduling

· Pilot is transmitted over all chunks (over the entire channel bandwidth) in advance for channel quality measurement.

· Frequency and time domain channel-dependent scheduling is applied.

· The chunk bandwidth is small so that sufficient multiuser diversity in the frequency domain is gained (e.g., 0.3125 - 1.25 MHz (FFS)).

· Distributed FDMA with comb-shaped spectrum or localized FDMA in the same chunk is used to accommodate low-rate channels.
· Multiuser signals can be orthogonal in the frequency domain by using localized FDMA between the chunks and further FDMA in the same chunk.
· Sub-carrier spacing should be designed considering avoidance of residual multiuser interference.

6. Pilot Channel Structure

6.1. TDM Based Structure 

The proposed pilot channel structure is a TDM based structure within the TTI. The TDM structure can achieve a more accurate channel estimation than a CDM based structure without suffering inter-code interference from the data channel. Furthermore, a low PAPR is achieved without CDM of the pilot and data channels.
6.2. Pilot Signal With Constant Amplitude in Frequency Domain

In the proposed single-carrier based radio access scheme, we apply a simple frequency-domain equalizer to suppress the MPI of its own channel. Therefore, we propose a pilot channel with a constant amplitude in the frequency domain to enable accurate channel estimation.

6.3. Adaptive Change of Pilot-Symbol Duration According to Data Rate

In the TDM based pilot channel structure, the overhead ratio for the payload is decided by the pilot channel duration. Thus, we propose adaptive duration of the pilot channel within a TTI according to the data rate to minimize the overhead loss for the pilot channel.

7. Data Modulation and Coding

· DoCoMo’s proposal regarding data modulation in the uplink is QPSK, 8PSK, and 16QAM.

· Our current assumption for the channel coding is Turbo coding and that for hybrid ARQ is Incremental Redundancy.

8. Advanced Antenna Techniques

DoCoMo considers that the following advanced antenna techniques are also effective in improving the capacity or extending coverage area.

· MIMO multiplexing is effective in increasing the achievable data rate.

· MIMO diversity is beneficial in improving the received signal quality and then the link capacity.

· Employing adaptive antenna array beam forming reception at the BS is effective in improving the coverage.

9. Conclusion

This document presented considerations and proposals by NTT DoCoMo for uplink multiple access scheme for the Evolved UTRA. These are summarized below.

· Uplink Transmission Scheme

- Single-carrier based radio access is the main proposal, but further study on the multicarrier based radio access (VSF-Spread OFDM) is considered.

* Use cyclic prefix and simplified frequency domain equalizer

* Use orthogonality in the frequency domain to avoid intra-cell interference by chip repetition

* Use spreading in addition to low-rate channel coding for one-cell frequency reuse

- Optimum channel bandwidth according to data rate

- Adaptive control of spreading factor (coding rate) according to cell structure, etc. and of chip repetition factor according to the number of accessing users, etc.

· Physical Channel Structure

· Uplink contention-based Channel

- Fast Access Channel

- Reservation Channel

- Uplink Synchronization Channel (for time alignment) (FFS)

· Uplink Scheduled Channel

- Shared Data Channel

- Shared Control Signaling Channel

· Multiplexing and Scheduling

- Uplink Contention-based and Scheduled channels are multiplexed by TDMA, FDMA, and hybrid of TDMA/FDMA

- Full use of frequency diversity or multiuser diversity

* Uplink Contention-based Channel: We use frequency diversity with a wider channel bandwidth by

(1) Using entire channel bandwidth

(2) Using one (some) chunk(s) by FDMA

* Shared Control Signaling Channel: We do not apply channel dependent scheduling, although the channel is scheduled based on the demand of subsequent Shared Data Channels. We use frequency diversity with a wider channel bandwidth

(1) Using entire channel bandwidth

(2) Using one (some) chunk(s) by FDMA

* Shared Data Channel: We basically use multiuser diversity by channel-dependent scheduling based on the following two approaches.

(1) Time domain channel-dependent scheduling using fixed FDMA

(2) Frequency-time domain channel-dependent scheduling

· Pilot channel structure

- TDM based structure

- Pilot signal with constant amplitude in the frequency domain

- Adaptive change in pilot symbol duration according to the data rate

· Data modulation and channel coding

- Data modulation in uplink is QPSK, 8PSK, and 16QAM

- Current assumption for channel coding is Turbo coding and that for hybrid ARQ is Incremental Redundancy

· Advanced antenna techniques

- MIMO multiplexing and diversity are effective in increasing the achievable data rate and capacity

- Adaptive antenna array beam forming reception at the BS to increase coverage
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