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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 downlink multiple access scheme for the Evolved UTRA. 

2. Downlink Transmission Scheme

2.1. OFDM Modulation

In [2], the requirements were clarified for the scalable channel bandwidth up to 20 MHz. In a channel bandwidth wider than 5 MHz, multipath interference (MPI) associated with time dispersion impairs the achievable data rate and coverage. In order to mitigate the increasing MPI, Orthogonal Frequency Division Multiplexing (OFDM) based radio access is very promising owing to its inherent immunity to MPI associated with a low symbol rate using many sub-carriers together with the insertion of a guard interval. Furthermore, OFDM has high affinity to advanced techniques such as frequency domain channel-dependent scheduling, MIMO multiplexing/diversity, and enhanced multicast/broadcast transmission. Therefore, our proposal in the downlink for the Evolved UTRA is to use OFDM-based radio access.
2.2. VSF (Variable Spreading Factor)-Spread OFDM 

For the Evolved UTRA, various deployment scenarios are envisaged such as a wide area environment for a cellular system with a multi-cell configuration and a local area environment such as isolated-cell, very-small-cell (hotspot), and indoor environments. DoCoMo’s proposed design concept for the radio access scheme is to support both wide and local area environments by using the same air interface by only changing the radio parameters (note that we think that Evolved UTRA is not optimized for a local area scenario). To enable this design concept, we proposed applying variable spreading factor (VSF)-control [3] to OFDM with spreading (Spread OFDM). 


In the proposed VSF-Spread OFDM, we apply frequency domain channel-dependent scheduling (i.e., frequency chunk assignment to the optimum user based on link conditions) or frequency diversity by using interleaving and spreading over the entire channel bandwidth based on one-cell frequency reuse. Thus, the entire channel bandwidth is basically used in all the cells. In the proposed VSF-control, when inter-cell interference from the surrounding cells is severe, such as at the cell boundary in a cellular environment, spreading and very-low-rate channel coding (as a part of spreading) are employed. This is because, while sacrificing the achievable data rate, the processing gain associated with the spreading gain and channel coding gain suppresses the inter-cell interference. Note that, in this case, in order to obtain the spreading gain, code-multiplexing is not used. Meanwhile, under low inter-cell interference conditions such as in an isolated-cell, hotspot, indoor, and immediate vicinity of a cell-site in a cellular environment, spreading and very-low-rate channel coding are not employed in order to achieve a high data rate. Therefore, based on the VSF-control, seamless support of various radio environments becomes possible through the continuous use of the same radio access scheme by adaptively controlling the coding rate and spreading factor according to inter-cell interference depending on the deployment scenario, propagation channel conditions, etc.


It was clarified in [4] that the channel coding should be used as a part of spreading with priority rather than simple spreading, i.e., repetition coding, with a random sequence because an additional channel coding gain is obtained. In [5], spreading only by the channel coding was proposed as code spreading. However, the improvement in the channel coding gain is reduced according to the decrease in the coding rate. Therefore, in the proposed VSF-control, a combination of low-rate channel coding with the minimum coding rate of Rmin and simple spreading with the spreading factor of SF is employed, when a larger processing gain beyond 1/ Rmin is necessary.
2.3. Transmission Signal Waveform

In OFDM-based radio access, inter-symbol and inter-sub-carrier interference due to time dispersion must be suppressed by maintaining the orthogonality among consecutive OFDM symbols and sub-carriers. For this purpose, a guard interval is inserted to each OFDM symbol. However, a short guard interval duration is desirable to improve the OFDM symbol efficiency.


As an alternative candidate OFDM-based radio access without a guard interval, a  combination of offset QAM (OQAM) and an Isotropic Orthogonal Transform Algorithm (IOTA) filter was proposed, which was also included in OFDM SI [6]. However, to utilize the OQAM plus IOTA filter, the following problems must be solved. The first problem is how to achieve an accurate channel estimation, since neighbor symbols cause interference to the pilot symbol before a perfect phase reference is established. Second is the complexity issue associated with IOTA filtering. Third, which is considered to be the most serious problem, is the low degree of applicability to MIMO multiplexing (SDM: space division multiplexing) and MIMO diversity, since the inter-neighbor-symbol-interference from other transmitter antennas will degrade the MIMO performance.


Therefore, the current assumption by DoCoMo is to employ a cyclic prefix (CP) in OFDM-based radio access. One of the advantages of CP-OFDM is that its receiver configuration can be simplified based on an FFT-based receiver. Furthermore, in CP-OFDM, a more advanced receiver configuration can be employed with an MPI canceller or equalizer for the delayed paths that exceed the CP duration. Therefore, by employing CP-OFDM, we can provide several types of UE having different UE classes.
2.4. OFDM Parameter Outline

Our current assumptions for OFDM parameters are summarized as follows.

· Transmission time interval (TTI) length

- Basic TTI length is 0.5 msec or 0.667 msec

- Adaptive TTI length is beneficial in decreasing control signaling overhead

· Sub-carrier spacing

- 15 to 30 kHz, where the influence of phase noise, Doppler, overhead loss, etc. should be considered

· Guard interval (GI) length (cyclic prefix and windowing) 

- Basic short GI length is 5 to 8 sec

- Preparation of two types of GI length is preferable


* Basic short GI length is for typical Unicast environments


* Long GI is for Multicast/Broadcast and for extraordinary large delay spread environments

3. Physical Channel Structure

Although further investigation is necessary, DoCoMo’s current proposals regarding the physical channel structures in the downlink are as follows.

· Shared Data Channel 

 - Traffic data and Layer 3 control messages

 - Use channel-dependent scheduling in frequency and time domain

 - Use link adaptation and hybrid ARQ

 - Use inter-cell fast hard handover

·  Multicast Channel

 - Use soft combining of simultaneous transmitted signals from multiple cell sites

 - Use frequency and time diversity

·  Pilot Channels

- Common Pilot Channel: for sectored-beam transmission including MIMO transmission

- Dedicated Pilot Channel: for adaptive beam forming transmission

· Common Control Channel 

- Broadcast and Paging information etc.

·  Shared Control Signaling Channel 

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

 - Channel-dependent scheduling is not employed

 - Adaptive modulation and coding (AMC) and hybrid ARQ are not employed

·  Synchronization Channel

- For cell search

4. Scheduling and Multiplexing in Downlink

4.1. Frequency Diversity / Frequency Scheduling

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 multiuser diversity in the frequency domain by frequency channel-dependent scheduling is essential. Thus, we propose the appropriate uses of frequency diversity and frequency scheduling for the respective physical channels.

(1) Frequency diversity

The 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 frequency and time domain channel-dependent scheduling

The channel bandwidth is segmented into multiple chunks within each TTI, and channel-dependent scheduling in the frequency and time domains assigns these chunks to each user based on its link conditions.
In DoCoMo’s proposal, these two diversity schemes are suitably applied to the respective physical channels considering their features as follows. 

· Common Channels (i.e., Common Control Channel and Shared Control Signaling Channel):

We use the entire channel bandwidth based on frequency diversity

· Shared Data Channel:

We use the following two methods
(a) Frequency-time domain channel-dependent scheduling based on multiuser diversity

(b) Entire channel bandwidth based on frequency diversity for special cases such as high mobility and very low SINR conditions, etc.

4.2. Multiplexing of Common Channel and Shared Data Channel

Multiplexing of the Common Channel and Shared Data Channel is based on TDM (TTI level or symbol-level), FDM (Chunk-level or sub-carrier-level), or a hybrid of TDM/FDM.

4.3. Multiplexing of Shared Data Channel

Shared data channel transmission is based on chunk assignment and frequency-time domain channel-dependent scheduling. Therefore, each chunk in the Shared Data Channel is basically occupied by only one user who has the best link conditions using frequency-time domain channel-dependent scheduling.

As for the Shared Data Channel transmission, based on frequency-time domain channel-dependent scheduling in Method (a) in Section 4.1, a user with a high data rate will be assigned multiple chunks within the same TTI. Meanwhile, for users with a low data rate such as VoIP or TCP ACK transmission, where the size of the packet is smaller than that of the chunk, they are multiplexed within in the same chunk. In special cases such as high mobility, i.e., high Doppler users and very low SINR users at the cell boundary using a large spreading factor value, frequency diversity is more effective than multiuser diversity with frequency-time domain channel-dependent scheduling. This is because the tracking ability of channel-dependent scheduling is degraded in the former case and a sufficient channel coding gain is not obtained due to a significantly decreased number of information bits per chunk in the latter case. Therefore, in these special cases, we utilize frequency diversity using the entire channel bandwidth based on Method (b) in Section 4.1.

In the case of low data rate users in the Shared Data Channel, multiplexing of these user data streams within the same chunk of the same TTI is necessary for efficient use of available radio resources. For multiplexing, three candidate methods are given in Table I and their pros and cons are summarized.

Table I. Comparison of Three Baseline Multiplexing Methods

	
	Low mobility users
	High mobility users

	TDM

(Symbol assignment)
	Greater frequency diversity than FDM
	Small time diversity

	FDM

(Sub-carrier assignment)
	Small frequency diversity
	Greater time diversity than TDM

	CDM

(Orthogonal code assignment)
	Greater frequency diversity than FDM, but inter-code interference limits frequency diversity gain
	Greater time diversity than TDM, but inter-code interference limits time diversity gain


Since low mobility environments are more common than high mobility environments, DoCoMo’s proposed multiplexing method for low data rate users within the same chunk of the same TTI is summarized as follows.

· TDM (symbol-symbol) is used with the highest priority.

· FDM is used with the second highest priority for further multiplexing more low-rate channels.

· Hybrid of TDM/FDM (Two-dimensional mapping) is beneficial for high mobility users.

4.4. Multiplexing of Common Control Channel and Shared Control Signaling Channel

For the transmission of the Common Control Channel and Shared Control Signaling Channel, DoCoMo’s proposal is to employ transmission not by using chunks, but by using the entire channel bandwidth in order to obtain large frequency diversity as presented in Section 4.1. Therefore, DoCoMo’s proposed multiplexing method in the Common Control Channel and Shared Control Signaling Channel is as follows.

· TDM (symbol level or TTI level) is used with the highest priority.

· FDM is used with the second highest priority for further multiplexing of low-data rate channels.

· Utilization of CDM is for further study as a promising candidate.

As a promising candidate, CDM has the following advantages. First, in the Common Control Channel and Shared Control Signaling Channel, QPSK modulation and low-rate channel coding are employed. In this case, CDM obtains a large frequency diversity effect associated with the transmission using the entire channel bandwidth, which exceeds the degradation due to inter-code interference. Second, more flexible mapping of a large number of channels is possible in CDM. Third, we are considering the application of transmission power control to the Shared Control Signaling Channel to guarantee high quality control signal reception. In this sense, CDM has high affinity to the application of transmission power control compared to TDM and FDM. This is because the transmission power imbalance of different users in the time domain based on TDM may cause more frequent clipping. Furthermore, the transmission power imbalance of different users in the frequency domain based on FDM may cause severe inter-carrier interference associated with the influence of Doppler and phase noise.

5. Pilot Channel Structure

5.1. Common Pilot Channel

The Common Pilot Channel is commonly used among accessing users within a cell for sectored-beam transmission including MIMO multiplexing/diversity. In DoCoMo’s proposal, the common pilot channel configuration is based on TDM within a TTI. This is because the orthogonality between pilot and other channels are perfectly maintained even when there is time dispersion, which is not the case in CDM. This is especially true for the application for MIMO multiplexing, since the desired pilot channel suffers from severe interference from data channels transmitted by other transmitter antennas. Furthermore, in order to achieve low latency, employing short TTI duration will be promising in the Evolved UTRA. In this case, the channel variation in the time domain is small, while the channel variation in the frequency domain is much larger due to time dispersion. Therefore, it is beneficial to have densely assigned pilot symbols in the frequency domain based on the TDM structure rather than the assignment of distributed pilot sub-carriers based on the FDM structure.


In the TDM-based pilot channel structure, the Pilot Channel and Data Channel are multiplexed by TDM, and the Pilot Channel and Control Channel are multiplexed by TDM. Note that, by utilizing the interpolation of the channel estimates in the frequency domain, pilot symbols are not always necessarily placed in all the sub-carriers. Therefore, it is possible to multiplex the Pilot Channel and Control Channel (or Control Channel and Data Channel) by FDM within the same OFDM symbol.


In the TDM-based pilot channel structure, staggered pilot symbol assignment within a TTI is promising in order to improve the tracking ability against high mobility users.


Furthermore, in the TDM-based Pilot Channel structure, in order to multiplex multiple orthogonal pilot patterns for MIMO multiplexing/diversity or multi-beam transmission, we use frequency domain multiplexing (or together with code multiplexing).

5.2. Dedicated Pilot Channel

The Dedicated Pilot Channel is used for adaptive antenna array beam-forming transmission. In DoCoMo’s proposed configuration, since this pilot channel is dedicated to a specific user, the appropriate pilot channel structure is selected from a few pre-decided options according to user-dependent or environment-dependent channel conditions. In a few pre-decided options, TDM, FDM, a hybrid of TDM/FDM, or CDM structure is applicable.

6. Data modulation and coding

- DoCoMo’s view on data modulation in the downlink is QPSK, 16QAM, and 64 QAM

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

7. Advanced antenna techniques

The downlink radio access for the Evolved UTRA should have affinity to the following advanced antenna techniques.

- 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 an adaptive antenna array beam forming transmitter at a BS is effective in improving the coverage.

8. Conclusion

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

· Downlink transmission scheme

- VSF-Spread OFDM

Use spreading with low-rate channel coding for one-cell frequency reuse and adaptive change of the spreading factor and coding rate according to the cell environment

- Cyclic Prefix based transmission signal waveform is assumed

· Physical channel structure

- Shared Data Channel

- Multicast Channel

- Pilot Channel (Common Pilot Channel, Dedicated Pilot Channel)

- Common Control Channel

- Shared Control Signaling Channel

- Synchronization Channel

· Frequency diversity / frequency scheduling

- Common Channel (i.e., Common Control Channel and Shared Control Signaling Channel)

Use entire channel bandwidth providing frequency diversity

- Shared Data Channel

(a) Frequency-time domain channel-dependent scheduling providing multiuser diversity

(b) Use entire channel bandwidth for special cases such as high mobility and very low SINR conditions etc.

· Multiplexing of Common Channel and Shared Data Channel

- Multiplexing is based on TDM (TTI level or symbol-level), FDM (chunk-level or sub-carrier-level), or hybrid of TDM/FDM

· Multiplexing of Shared Data Channel

- TDM (symbol-level) is used with the highest priority

- FDM is used with the second highest priority for further multiplexing of more low-rate channels

- Hybrid of TDM/FDM (Two-dimensional mapping) is beneficial for high mobility users

· Multiplexing of Common Control Channel and Shared Control Signaling Channel

- TDM (symbol-symbol or TTI level) is used with the highest priority

- FDM is used with the second highest priority for further multiplexing of more low-rate channels

- Utilization of CDM is for further study as a promising candidate

· Pilot channel structure

- Common pilot channel


* TDM structure


* Staggered structure has potential benefits (for further study)

- Dedicated pilot channel

* Appropriate pilot channel structure according to user-dependent or environment-dependent channel conditions

* TDM, FDM, hybrid of TDM/FDM, and CDM structures are applicable (for further study)

· Data modulation and channel coding

- Data modulation in the downlink is QPSK, 16QAM, and 64 QAM

- Our 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 achievable data rate and capacity

- Employing an adaptive antenna array beam forming transmitter at a BS is effective in improving the coverage
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