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1. Introduction

At the RAN1#40-bis meeting (Beijing), radio access concepts in the downlink and uplink were proposed. In the downlink, most companies proposed using OFDM based radio access [1]-[7]. On the other hand, single-carrier based radio access or multi-carrier based radio access, i.e., OFDMA, was proposed as the major radio access candidate in the uplink. This contribution presents our views on physical channel structures for Evolved UTRA assuming OFDM-based radio access in the downlink and single-carrier based radio access in the uplink [8]-[12].
2. Radio Frame Structure

· Radio frame length

Considering backward compatibility to WCDMA (UMTS) up to Release 6, employing the same radio frame length as that of the WCDMA is beneficial. If the radio frame length used in WCDMA is used in Evolved UTRA, the identical cell search operation at the initial acquisition and that in the idle mode can be used. For instance, the cell search of other systems for inter-system handover is performed using duration of multiple slots within one radio frame during the idle mode. Then, if the radio frame timing of Evolved UTRA is synchronized to that of WCDMA, almost the identical cell search process is possible. We propose the radio frame length of 10 msec in Evolved UTRA as shown in Fig. 1.
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Figure 1 – Radio frame and TTI configuration
·  TTI length

The radio frame is divided into multiple transmission timing intervals (TTIs). TTI is a transmission unit using the same modulation and coding scheme (MCS) in link adaptation.

· Basic short TTI length

· The length of the TTI directly affects the round trip time (RTT) in RAN, i.e., RAN latency. Therefore, in order to attain the RAN latency of less than 10 msec [13], a shorter minimum TTI length of less than 2-msec is necessary such as 0.5 msec, 0.625 msec, and 0.667 msec (hereafter, Basic short TTI).

· The signaling bit available per TTI for feedback operation is very limited such as “one” bit in the feedback operation in WCDMA.

· Meanwhile, in Evolved UTRA, the feedback operation in MIMO multiplexing/diversity is essential such as antenna-independent link adaptation and hybrid ARQ with packet combining, and compensation of high correlation among antennas. 

· Then, presuming a number of signaling bits available to the feedback operation that is less than or equal to that in WCDMA, an even number of basic short TTIs per 10-msec radio frame is desirable. This is because the current assumption of the number of transmission antennas and that of the maximum transmission antennas is 2 or 4, respectively, in MIMO multiplexing/diversity.

· Adaptive TTI

An adaptive TTI to generate a long TTI, i.e., the concatenation of multiple Basic short TTIs (hereafter Long TTI), is beneficial in avoiding the increase in overhead of control signals per TTI and in increasing the payload size for a narrow transmission bandwidth such as 1.25 MHz [1, 2].

3. Physical Channel Structure in Downlink

· We apply a cell-specific scrambling code for all physical channels except for the synchronization channel in the downlink, in order to randomize interference from surrounding cells (sectors).

· However, we remove the cell-specific scrambling code for the soft-combining of transmitted signals from multiple cells (sectors), e.g., in multicast/broadcast transmission [1, 2, 4, 6].

3.1. Pilot Channel

· Types of pilot channels 

(1) Common pilot channel

· Common pilot channel is commonly used among accessing users within a cell for sectored-beam transmission including MIMO multiplexing/diversity as shown in Fig. 2 and Table 1. 

· Common pilot channel is also used for multi-beam transmission with multiple antennas. Here, multi-beam transmission differs from adaptive antenna array beam-forming in that fixed antenna weights (i.e., fixed beam pattern) are used in the multi-beam transmission.

· We proposed common pilot channel configuration based on time division multiplexing (TDM) within a TTI [2]. This is because the orthogonality between pilot and other channels are perfectly maintained even in time dispersion, which is not the case in code division multiplexing (CDM). This is especially true for the application to MIMO multiplexing, since the desired pilot channel suffers from severe interference from data channels transmitted by other transmission antennas.

(2) Dedicated pilot channel

· Dedicated pilot channel is used as user-dependent additional pilot channel with sectored-beam transmission and for adaptive antenna array beam-forming transmission in the downlink [2, 14].

· An appropriate pilot channel structure is selected from pre-decided options according to user-dependent or environment-dependent channel conditions [2, 14].

· In a few pre-decided options, TDM, frequency division multiplexing (FDM), a hybrid of TDM/FDM, or CDM structures are applicable.
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Figure 2 – Configuration for common pilot channel considering multi-antenna (FDM is assumed for accommodating multiple common pilot channels in this figure)
Table 1 – Configuration for common pilot channel and its applications
[image: image3.wmf]Ø

4

-

antenna MIMO

Ø

Multi

-

beam transmission (same pilot pattern is used for every 4 

beams)

4 common pilot 

channels (patterns)

Ø

2

-

antenna MIMO

Ø

Multi

-

beam transmission (same pilot pattern is used for every 2 

beams)

2 common pilot 

channels (patterns)

Ø

Sectored

-

beam transmission without MIMO

Application

1 common pilot 

channel

Configuration

Ø

4

-

antenna MIMO

Ø

Multi

-

beam transmission (same pilot pattern is used for every 4 

beams)

4 common pilot 

channels (patterns)

Ø

2

-

antenna MIMO

Ø

Multi

-

beam transmission (same pilot pattern is used for every 2 

beams)

2 common pilot 

channels (patterns)

Ø

Sectored

-

beam transmission without MIMO

Application

1 common pilot 

channel

Configuration


· Pilot channels available to each beam structure

(1) Sectored-beam transmission including MIMO transmission

· Common pilot channel is used definitely for demodulation (for instance channel estimation and received timing synchronization) of channels with sectored-beam transmission including MIMO transmission.

· In addition, user-dependent and environment-dependent dedicated pilot channels can be applicable to improve further the accuracy of the channel estimation.

· In shared data channel, when one chunk is exclusively used by one or a few users, accurate channel estimation is possible by assigning dedicated pilot channel in addition to common pilot channel under special conditions such as a large delay spread or high mobility.

· In multicast/broadcast channel, the quality of the user in the worst-case environment can be improved by using dedicated pilot channel in addition to common pilot channel.

· Meanwhile, channel quality information (CQI) measurement for link adaptation and scheduling, and signal power or signal-to-interference plus noise power ratio (SINR) measurement for cell search and handover are conducted using common pilot channel in principle.

(2) Multi-beam transmission with fixed beam pattern

· Common pilot channel is used, which is transmitted by a fixed beam pattern, for demodulation.

· In addition, user-dependent and environment-dependent dedicated pilot channels can be applied to improve further the accuracy of the channel estimation in a manner similar to the sectored-beam transmission case.

· Meanwhile, CQI measurement for link adaptation and scheduling, and signal power or SINR measurement for cell search and handover are performed using common pilot channel in principle.

(3) Adaptive antenna array beam-forming

· Dedicated pilot channel is definitely used for channel estimation in demodulation, since the beam pattern is adaptively generated toward the direction of each user.

· Furthermore, common pilot channel may be applicable when the fading correlation between the adaptive antenna array beam and the multi-beam is high, i.e., similar antenna-beam patterns in general, to improve further the channel estimation accuracy.

· Meanwhile, CQI measurement for link adaptation and scheduling, and signal power or SINR measurement for cell search and handover are performed using common pilot channel transmitted by multi-beam transmission in principle.

· Pilot channel structure

The features of the proposed common pilot channel structure are as follows.

· Multiplexing at every TTI
Common pilot channel and dedicated pilot channel are multiplexed periodically at every TTI

· Pilot symbol mapping with high density prioritizing in the frequency domain rather than the time domain

More pilot symbols are assigned, i.e., high pilot symbol density, in the frequency domain rather than in the time domain

· The channel variation in the time domain is slight assuming a short TTI length, while the channel variation in the frequency domain is much larger due to the time dispersion in a frequency-selective multipath fading channel.

· Therefore, it is beneficial to have a high density of pilot symbols in the frequency domain based on the TDM structure rather than a distributed pilot sub-carrier assignment based on the FDM structure. 

· TDM and/or FDM based multiplexing using staggered mapping from the beginning of a TTI

Common pilot channel and dedicated pilot channel are multiplexed by TDM and/or FDM into other channels from the beginning using staggered mapping within each TTI. Furthermore, common pilot channel is mapped before dedicated pilot channel with high priority.

The merits for assigning pilot channels at the beginning of each TTI are as follows.

· When common control channel and control signaling channel are mapped at the beginning of each TTI along with common/dedicated pilot channel, these control channels can be demodulated securely with accurate channel estimation, under various channel conditions with different delay spreads and Doppler frequencies.

· In particular, control signaling channel mapped at the beginning of each TTI is demodulated and accurately decoded with a short delay using the channel estimate by the pilot channel. This brings about the following advantages.

1) In shared data channel, the additional user-dependent dedicated pilot channel information is provided by the control signaling channel. Thus, high quality demodulation of shared data channel is possible using more pilot symbols with a short delay.

2) In multicast/broadcast channel, the additional environment-dependent dedicated pilot channel information is provided by the control signaling channel based on the quality of the user in the worst-case environment. Then, high quality multicast/broadcast channel is provided using more pilot symbols with a short delay.

· In the case in which a chunk conveys no traffic data, only the control signaling channel is to be demodulated and decoded. In this case, mapping of the control signaling channel at the beginning of each TTI is very advantageous for efficient intermittent reception at user equipment (UE).

· Finally, mapping of the pilot channel at the beginning of each TTI is advantageous for accurate CQI measurement using the concentrated pilot symbols at the beginning of a TTI, bringing about efficient intermittent reception at UE.

· Discontinuous mapping along the frequency domain in an OFDM symbol 

Assuming the mapping method of common pilot channel and dedicated pilot channel, pilot symbols are assigned discontinuously among other channels both in the frequency and time domains.

The merits of discontinuous pilot symbol assignment, which is dispersed, in the frequency and time domains are as follows.

· To suppress the cyclic prefix overhead loss to a low level, a long useful OFDM symbol duration is necessary. The resultant number of OFDM symbols within a TTI is reduced (note that however, the number of total symbols within a TTI is not changed, and it depends on only the cyclic prefix overhead loss). Then, the granularity in the time domain is reduced. In this case, by assigning pilot symbols at every few sub-carriers by thinning out the sub-carriers due to decreasing granularity in the frequency domain, the overhead loss of the pilot symbols is decreased, while almost the same channel estimation accuracy is maintained.

· Transmission power of common pilot channel must be changed according to the target cell radius in a real cellular system. Thus, if common pilot channel is mapped continuously along the frequency domain by TDM, it is very difficult to change the transmission power of common pilot channel efficiently according to the actual cell design. Therefore, by thinning out the pilot symbols in the frequency domain (i.e., pilot symbols are multiplexed with other channels within the same OFDM symbol), the transmission power of common pilot channel can be flexibly changed according to the respective cell designs while maintaining a constant total transmission power.

· Orthogonal pilot mapping for MIMO transmission

· Multiple orthogonal pilot channels are necessary in advanced antenna techniques such as MIMO multiplexing/diversity and adaptive antenna array transmission. In this case, we consider that the total overhead of the pilot symbols should be identical between the usual sectored-beam transmission mode and advanced antenna technique mode. The same pilot symbol mappings in  common pilot channel are used both in the sectored-beam transmission and in MIMO multiplexing/diversity with the maximum of four antennas. Thus, the number of pilot symbols with four-branch MIMO multiplexing/diversity per antenna (stream) is 1/4 that of the single-antenna transmission as shown in Fig. 2.

· Within the pilot channel, orthogonal pilot channels are generated using TDM and/or FDM (or CDM with lower priority than TDM and FDM).
· Common pilot channel is definitely used for generating orthogonal pilot channels. Furthermore,  dedicated pilot channel can be applied to an orthogonal pilot channel.
· We propose adaptive partial pilot symbol mapping for MIMO transmission, i.e., adaptive thinning of pilot symbols from the sectored-beam transmission mode, in the frequency and time domains according to the application scenario such as the delay spread and moving speed.
3.2. Common Control Channel

Common control channel conveys broadcast, paging information, etc. 

The features of the proposed common control channel structure are as follows.

· Employ frequency diversity: We take advantage of frequency diversity over a wide transmission bandwidth [2].
· TDM based mapping within a TTI: In general, the signaling message size in broadcast and paging information is smaller compared to the traffic volume in shared data channel. Common control channel is mapped into the duration of one or a few OFDM symbols by TDM within a TTI with a long periodic duration. Moreover, the TDM-based mapping is advantageous for efficient intermittent operation at UE.

· Flexible mapping in the combination of TDM and FDM: Flexible mapping in the time and frequency domains is necessary according to the control message size (i.e., periodic duration for mapping common control channel should be flexibly changed). 

3.3. Shared Control Signaling Channel 

Shared control signaling channel conveys physical control messages and Layer 2 control messages (FFS). We do not use channel-dependent scheduling, link adaptation, or hybrid ARQ in principle for the channel. [2]

The features of the proposed shared control signaling channel structure are as follows and are shown in Fig. 3.

· Employ frequency diversity: Frequency diversity over a wide transmission bandwidth is utilized [2].

· Mapping at every TTI: Shared control signaling channel is mapped at every TTI. Even when a long TTI is used corresponding to multiple basic short TTI lengths, it is transmitted at every TTI. 

· TDM based multiplexing: Shared control signaling channel is multiplexed by TDM within a TTI, so that intermittent reception is possible at UE. The merits of TDM-based multiplexing of a shared control signaling channel is also described in Section 3.1 for the pilot channel.

· Mapping at the beginning of each TTI: By mapping shared control signaling channel at the beginning of each TTI (i.e., it should not be distributed over the TTI), fast decoding of control information in the channel is possible. As a result, the demodulation and decoding of shared data channel is achieved with a short delay.

· Multiplexing of multiple shared control signaling channel: The multiplexing method for common control channel and shared control signaling channel is as follows [2].

· TDM (symbol level or TTI level) is used with the highest priority.
· FDM is used with the second highest priority to multiplex further low-data rate channels.
· Utilization of CDM is for further study as a promising candidate.
CDM has the following advantages [2]. First, in shared control signaling channel, QPSK modulation and a low-rate channel coding rate is employed for robust transmission. In this case, CDM obtains a large frequency diversity effect associated with the transmission by 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 accurate transmission power control of shared control signaling channel to guarantee high quality control signal reception. In this case, 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 spread and phase noise.

[image: image4.wmf]Basic short TTI

Long TTI (

n

-

times of Basic short TTI)

Common pilot

Shared control

Data

Frequency

Time

Basic TTI

Long TTI

Time

OFDM symbol

Basic short TTI

Long TTI (

n

-

times of Basic short TTI)

Common pilot

Shared control

Data

Frequency

Time

Frequency

Time

Basic TTI

Long TTI

Time

Time

OFDM symbol


Figure 3 – Example of multiplexing of common control channel in downlink
3.4. Shared Data Channel

· Shared data channel conveys traffic data and Layer 3 control messages [2]. 
· We apply channel-dependent scheduling in the frequency and time domains, link adaptation, and hybrid ARQ.
· UE demodulates and decodes shared control signaling channel, which is multiplexed by TDM within a TTI. Then, using the information of chunk assignment, MCS, and additional pilot symbol assignments (if necessary), the information bits within the assigned chunk are demodulated and decoded.   
· We use inter-cell fast hard handover for the channel.
The features of the proposed shared data channel structure are as follows [2].

· Employ frequency and time domain channel-dependent scheduling: Frequency and time domain channel-dependent scheduling is used by assigning one or a few chunks (a chunk is a division unit in the frequency and time domains), to achieve multiuser diversity among simultaneous users using common radio resources.

· Employ frequency diversity under special conditions: However, in special cases such as extremely high mobility (i.e., the control loop in channel-dependent scheduling cannot track channel variation) and very-low received SINR, we use frequency diversity instead.

· Adaptive TTI length: An adaptive TTI length is beneficial in decreasing the overhead of shared control signaling channel. When adaptive TTI is applied, the unit in the time domain in channel-dependent scheduling is each TTI duration.

3.5.  Multicast/Broadcast Channel

· In multicast/broadcast channel, soft combining of simultaneous transmitted signals from multiple cell sites is applied to improve the received SINR [1, 2, 4, 6]. 

· Moreover, frequency diversity over a wide transmission bandwidth is applied.

· Time diversity is also very beneficial.

The features of the proposed multicast/broadcast channel structure are as follows.

·  As shown in Fig. 4, multicast/broadcast channel is multiplexed based on

· TDM: TTI-by-TTI in the same channel band 

· FDM: Using different channel bands [15]

This is because longer guard interval length is employed in multicast/broadcast channel compared to that in unicast channel. Considering limited spectrum usage, the TDM based multiplexing with unicast channel seems more feasible than FDM.
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Figure 4 – Multiplexing of multicast/broadcast channel and unicast channel
3.6. Downlink Synchronization Channel

The features of the proposed downlink synchronization channel structure are as follows.

· In Evolved UTRA and UTRAN, a stand-alone operation independent from WCDMA is desirable. Thus, cell search at the initial acquisition and the search operation of the surrounding cells in the idle mode are necessary. 

· In the downlink, a cell-specific scrambling code is necessary in order to randomize the interference from other cells.

· Then, similar to WCDMA, a cell search process is necessary, in which the OFDM symbol timing, TTI timing, radio frame timing, and the cell-specific scrambling code of the target cell providing the highest received signal power are detected.

· Downlink synchronization channel is for the cell search. Using downlink synchronization channel, the OFDM symbol timing, TTI timing, radio frame timing, the group of cell-specific scrambling codes are detected.

· As shown in Fig. 5, three types of downlink synchronization channels are considered: TDM, FDM, or a hybrid of TDM and FDM to data channels.
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Figure 5 – Downlink synchronization channel
4. Physical Channel Structure in Uplink

· The physical channels in the uplink are categorized into two types: contention-based channel and scheduled channel [9]. 

· We apply a cell (or user)-specific scrambling code to all physical channels in the uplink in order to randomize the interference from surrounding cells (sectors).

· When an interfering user with the same radio resource (i.e., the same frequency, TTI) is located near a target user, while connecting a radio link to a neighboring cell, the target user suffers from strong instantaneous interference even when spreading (repetition) and low-rate channel coding are employed. Thus, frequency hopping over symbols within the assigned transmission bandwidth (i.e., a kind of symbol interleaving within the assigned transmission bandwidth) is beneficial to randomize the instantaneous strong interference.

4.1. Uplink Contention-Based Channel

Common features of the uplink contention-based channels are as follows [9].

· Frequency diversity should be utilized over a wide transmission bandwidth to achieve a short transmission delay in principle.

· Although TDMA is used as baseline in a manner similar to current UTRA, collision among contention-based channels of different users is avoided (or mitigated) by

· FDMA using different transmission bandwidths (i.e., localized FDMA) and a comb-shaped spectrum (i.e., distributed FDMA)

· CDMA using the processing gain within the same frequency spectrum
·  Fast access channel [9]

· Fast access channel is used to convey traffic data and Layer 3 control messages with a relatively small payload with a strict delay requirement.

· Since this channel is transmitted without reservation, fast channel setup is possible with a short delay.

· Power ramping should be avoided to achieve a short delay.

The features of the proposed fast access channel structure are as follows.

· A fast access channel is transmitted at the pre-assigned chunk, which the base station (BS) informs UEs using the downlink broadcast channel.
· Fast access channel uses basically a chunk with the minimum frequency bandwidth.

· However, when the traffic/signaling data size is large, one chunk with a wide transmission bandwidth is used based on a single-carrier approach according to the data rate.

·  Reservation channel [9]

Reservation channel conveys reservation information pertaining to scheduled channels such as the UE identity, data (traffic) type, data size, QoS information, and UE transmission power.

The features of the proposed reservation channel structure are as follows.

· Reservation channel is transmitted at the pre-assigned chunk, which the BS informs UEs using the downlink broadcast channel.
· Reservation channel uses basically one chunk with the minimum frequency bandwidth.

·  Uplink synchronization channel [9]

· In single-carrier based radio access, an equalizer is essential for suppressing multipath interference. 

· Furthermore, employing a frequency domain equalizer is much simpler than employing time domain processing, since equalization is performed by multiplying weights in the frequency domain processing, while it is performed by the convolution operation in the time domain. 

· The cyclic prefix is very advantageous in obtaining a high equalizer capability, especially for frequency domain equalization. Therefore, we proposed using the cyclic prefix in [9].

· In this case, aligning the received timings of different users within the cyclic prefix duration is necessary.

The features of the proposed uplink synchronization channel structure are as follows.

· Uplink synchronization channel is used to align the received timings of different users within the cyclic prefix duration in the uplink scheduled channel.

· Uplink synchronization channel is transmitted periodically using one or several chunks with a long periodical interval.

4.2. Uplink Scheduled Channel

· Collision between the scheduled channel and contention-based channel is completely avoided by notification of available chunks and TTIs assigned to the contention-based channel, which is signaled through the downlink control channel as shown in Fig. 6 [9].
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Figure 6 – Multiplexing of contention-based and scheduled channels in uplink (TDM/FDM case)
· Shared data channel 

· Shared data channel conveys the traffic data and Layer 3 control messages [9].
· Power-efficient transmission should be achieved.

· We apply link adaptation and hybrid ARQ.

· We consider two types of channel-dependent scheduling: time domain channel-dependent scheduling only using fixed localized FDMA and frequency and time domain channel-dependent scheduling as shown in Fig. 7 [9].

The features of the proposed shared data channel structure are as follows.

· One chunk (or multiple chunks for high data rate provision) is assigned based on control information in the time domain channel-dependent scheduling with fixed FDMA or based on frequency and time domain channel-dependent scheduling.

· When the traffic size of one user is larger than the chunk payload size, one chunk is exclusively employed by the one user.

· When there are multiple users with a low data rate, one chunk accommodates multiple users. In this case, frequency orthogonality using further narrow FDMA (localized FDMA) or a comb-shaped spectrum (distributed FDMA) is applied within the same chunk to avoid multiuser interference.

· Adaptive TTI length: An adaptive TTI length is beneficial in decreasing the overhead of shared control channel. When adaptive TTI is applied, the unit in the time domain in channel-dependent scheduling is each TTI duration.
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Figure 7 – Channel-dependent scheduling in shared data channel
· Shared control signaling channel
· Shared control signaling channel conveys physical control messages and Layer 2 control messages (FFS) [9].

· Channel-dependent scheduling is not used, but the BS assigns a specific chunk and TTI to each UE to avoid collision among shared control signaling channels.

· Accurate transmission power control is applied to guarantee a high-quality packet error rate.

The features of the proposed shared control signaling channel structure are as follows.

· Employ frequency diversity: Frequency diversity over a wide transmission bandwidth is utilized.

· Mapping at every TTI: Shared control signaling channel is mapped at every TTI. Even when a long TTI is used corresponding to multiple basic short TTI lengths, it is transmitted at every TTI. 

· Multiplexing of multiple shared control signaling channel: The multiplexing method in shared control signaling channel is as follows.

· FDM is used with the highest priority.

· TDM (symbol level or TTI level) is used with the second highest priority to multiplex further low-data rate channels.

· When there are multiplexed users with a low data rate, one chunk accommodates multiple users. In this case, frequency orthogonality using further narrow FDMA (localized FDMA) or a comb-shaped spectrum (distributed FDMA) is applied within the same chunk to avoid multiuser interference.

4.3. Uplink Pilot Channel Structure (Dedicated Pilot Channel)

The features of the proposed uplink pilot channel structure are as follows [9].

· The TDM-based pilot channel structure is used at every TTI.

· A pilot signal with a constant amplitude in the frequency domain while achieving a low peak-to-average power ratio (PAPR) is desirable in order to improve the channel estimation accuracy for the frequency domain equalizer.

· Adaptive transmission in during the pilot symbol duration according to the data rate is beneficial as shown in Fig. 8.

· A shorter pilot symbol duration for a higher data rate owing to a large pilot signal power per pilot symbol should be employed.

· A longer pilot symbol duration for a lower data rate owing to a small pilot signal power per pilot symbol should be employed.
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Figure 8 – Adaptive transmission during pilot channel duration according to data rate
5. Conclusion

This document presented our views on the physical channel structures for Evolved UTRA assuming OFDM-based radio access in the downlink and single-carrier based radio access in the uplink.

Reference

[1] 3GPP, R1-050246, Motorola, “Downlink Multiple Access Scheme for EUTRA”

[2] 3GPP, R1-050249, NTT DoCoMo, “Downlink Multiple Access Scheme for EUTRA”

[3] 3GPP, R1-050252, Nokia, “Downlink Considerations for UTRAN LTE”

[4] 3GPP, R1-050255, Ericsson, “EUTRA: Downlink Multiple Access Scheme”

[5] 3GPP, R1-050267, Nortel, “Proposal for the Downlink Multiple Access Scheme for E-UTRA”

[6] 3GPP, R1-050270, Samsung, “Downlink Multiple Access for EUTRA Radio Interface”

[7] 3GPP, R1-050367, Texas Instruments, “Comparison of Multiple Access Scheme for E-UTRAN Downlink: OFDM vs. CDMA”

[8] 3GPP, R1-050245, Motorola, “Uplink Multiple Access for EUTRA”

[9] 3GPP, R1-050248, NTT DoCoMo, “Uplink Multiple Access Scheme for Evolved UTRA”

[10] 3GPP, R1-050251, Nokia, “Uplink Considerations for UTRAN LTE”

[11] 3GPP, R1-050254, Ericsson, “Evolved UTRA: Uplink Transmission Scheme”

[12] 3GPP, R1-050260, Siemens, “Multiple Access Scheme Evaluation for the SI ‘Evolved UTRA and UTRAN’ Uplink”

[13] 3GPP, RP-050155, “Agreed Text Proposals for the Requirement TR”
[14] 3GPP, R1-050450, Ericsson, “On pilots for E-UTRA”

[15] 3GPP, REV-05040, Motorola, “MBMS Requirements for EUTRA and EUTRAN”

- 8/13 -

