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1. Introduction

This contribution provides an overview of the current Ericsson view on the E-UTRA uplink radio interface. The paper should be seen as a complement to the basic principles for the E-UTRA radio interface described in the joint contribution [1]. A corresponding paper discussing the downlink can be found in [4].

2. Physical Channel Structure

The uplink transmission scheme is based on low-PAR single-carrier transmission with a cyclic prefix inserted in the transmitted signal to support frequency-domain equalization at the receiver side. Both localized and distributed FDMA with dynamic bandwidth is supported, with scheduled transmission as the basic mode of operation.

The basic physical resource used for data transmission consists of a frequency resource of size BWgrant during one sub-frame of 0.5 ms onto which coded bits are mapped. The numerology is to the extent possible aligned to the downlink, e.g., 0.5 ms sub-frame duration.

The frequency resource can either be localized or distributed, as illustrated in Figure 1. Distributed transmission can provide a larger frequency diversity gain than localized transmission, while localized transmission more easily allows for channel-dependent scheduling. The transmitted signal for both localized and distributed transmission can be generated either in the time-domain or in the frequency-domain as discussed in [3]. Note that, in many cases the scheduling decision may decide to give the whole bandwidth to a single UE to achieve high data rates. 
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Figure 1: Localized (top) and distributed (bottom) FDMA (details can be found in [3]).

The physical channel sub-frame structure is illustrated in Figure 2. The different uplink signals are time-multiplexed and, as single-carrier transmission is used, each transmitted symbol spans the whole granted bandwidth. Each sub-frame has a number of data fields (the number is TBD, taking performance at high Doppler into account), separated by the cyclic prefix and reference signals.

Reference signals (“pilot symbols”) are punctured (time-multiplexed) into the uplink transmission at predetermined positions and used for coherent demodulation and timing supervision of the uplink transmissions. Reference signals are only transmitted in conjunction with data transmission, i.e., reference symbols are not continuously transmitted unless there is a data transmission ongoing.

Two types of control signaling need to be accounted for: control signaling associated with scheduled data transmission and necessary for reception of the user data (hybrid ARQ information, etc), and control signaling not controlled by the Node B (e.g., resource request for scheduling). The control information necessary for the demodulation of the data is coded and interleaved (details TBD), QPSK-modulated and punctured (time-multiplexed) into the beginning of the sub-frame as illustrated in Figure 2.
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Figure 2: Transmission of data and control signaling in the uplink (principal illustration, the amount of control and reference signals are not to scale). 

3. Physical-layer processing of L2 PDUs

The L1 processing of L2 PDUs (“transport blocks”) is illustrated in Figure 3. The coding and hybrid ARQ functionality is similar to the downlink:

· CRC attachment (24 bits)
The CRC is used to detect errors after channel decoding at the receiver side. 

· Channel coding
Channel coding is based on the Rel 6 Turbo code, possibly extended to lower rates. As an alternative/complement to lower-rate coding, additional repetition could be carried out to achieve sufficient processing gain when needed.

· Interleaving
Interleaving is based on Rel 6 (HSDPA) interleaving, possibly with some minor modifications to account for differences in the physical channel structure. The interleaver spans one L2 PDU, i.e., the interleaver span may be larger than one sub-frame.

· Layer 1 Hybrid ARQ processing
The Hybrid ARQ processing selects the sub-set of the channel-coded bits that is to be transmitted during the sub-frame. The number of channel-coded bits to be transmitted depends on the modulation scheme and the bandwidth allocated for uplink transmission (see further below). In the general case, for a retransmission a (partly or completely) different set of coded bits may be selected by the Hybrid ARQ processing, i.e., in the general case incremental redundancy is used. To simplify the implementation and to allow for orthogonal (non-overlapping) redundancy versions, it is proposed to consider alternatives to the current rate matching algorithm, e.g., using a circular buffer as illustrated to the right in Figure 3.

· Scrambling
The coded bits are bit scrambled by a UE-specific scrambling code in order to separate users in different cells (and possibly within the same cell, depending on the scheduling strategy).

· Modulation 
QPSK and 16QAM are supported. The same modulation scheme is used for the whole transmission bandwidth, i.e., QPSK and 16QAM are not used simultaneously by a UE.

· Physical channel mapping 
The coded bits to be transmitted are mapped to the fraction of spectrum allocated to the UE for transmission in this time interval as shown in Figure 1.
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Figure 3: Uplink L1 processing and physical channel mapping.

Note that all user data and L3 control signaling is transmitted in the same way, i.e., there is only one transport channel type visible to higher layers, the SDCH (Scheduled Data Channel). Random access thus consists of the necessary procedures for preparing for an uplink transmission, while the data part is transmitted using the structure above.

The sub-frame duration of 0.5 ms defines the smallest time interval for transmission. However, in some situations, e.g., transmission of a large L2 PDU in a limited bandwidth allocation, a longer transmission interval may be beneficial. Higher-layer signaling, configuring a suitable transmission time interval, is one possibility, although the reconfiguration rate is limited. This may be a problem if the L2 PDUs can have vastly different sizes, which may be the case when supporting IP-based packet data. Therefore, it is proposed to use the (already present) functionality for hybrid ARQ soft combining for this purpose. In essence, several contiguous 0.5 ms sub-frames are used for transmission of different redundancy versions of the same coded L2 PDU as illustrated in Figure 4. In the first sub-frame, the first redundancy version is transmitted, and for each subsequent sub-frame the redundancy version is incremented by one. Note that the UE is not waiting for an ACK/NAK prior to transmission of the next redundancy version (obviously this would not make sense – if there is a reasonable likelihood for decoding the data already after the first sub-frame there is no reason for using a longer transmission interval). The receiver can process the received coded bits in the same way as with a “normal” retransmission. In essence, a longer transmission period is realized without introducing additional (semi-static) configurations. 
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Figure 4: Extending the transmission time interval by using the physical layer hybrid ARQ functionality (“autonomous retransmissions”).

4. Scheduling and link adaptation

The Node B uplink scheduler determines 

· which UE(s) that is (are) allowed to transmit,

· which physical channel resources (frequency), and

· for how long the resources may be used (number of sub-frames).

The information is conveyed to the UE via a scheduling grant, sent on a downlink control channel (SCCH). To request resources, the UE may transmit a resource request to the Node B. One Node B has the (main) responsibility for the scheduling decisions.  This Node B, the serving Node B, also handles downlink scheduling [4] and timing alignment (Section 7).

Scheduling grants contain at least information which part of the frequency band the UE is allowed to use, whether localized or distributed spectrum should be used, the validity period of the grant, and the maximum data rate. The shortest validity period is one sub-frame. Additional information may also be included in the grant, depending on the final scheme selected. Uplink data transmissions are only allowed to use the time-frequency resources assigned to the UE through the scheduling grant. If the UE does not have a valid grant, it is not allowed to transmit any uplink data. Furthermore, when transmitting data, the UE must use the full bandwidth allocated by the Node B as demodulation of the control signaling otherwise would be cumbersome. 

Resource requests are used to request uplink resources for subsequent transmission. Resource requests are transmitted using contention-based access. However, if the UE already has a valid grant, e.g., if a data transmission is ongoing, the resource requests updates can be transmitted using the granted resources, e.g., as part of MAC headers on the SDCH.

The basic mode of operation for the uplink as described above is scheduled access, i.e., there is only one mode of operation (unlike the E-DCH where both scheduled and autonomous transmissions are possible). This leads to a simpler structure. However, it is worth noting that contention-based access (autonomous transmission) can be seen as a special case of the scheme above. The scheduler may decide to grant multiple UEs access to the same frequency band and set the validity of the grant to a large value. This may be useful to reduce the delays due to the scheduling request at low loads. As soon as any of the UEs have data to transmit, it may do so and it is up to the Node B to use the UE-specific scrambling and processing gain to separate the transmissions. Whether contention-based access for the data is used is up to the scheduler implementation. 

The scheduling strategy is determined by the implementation. Unlike the downlink, where a common reference signal can be used for CQI measurements, there are no transmissions from non-scheduled UEs. Hence, channel-dependent scheduling is not straightforward and, although an implementation aspect, not considered as the main mode of operation.

5. Inter-cell interference handling

Similarly to the downlink, the basic mode of operation for the E-UTRA is frequency-reuse one, i.e. the same spectrum is available to the uplink scheduler in every cell. Inter-cell interference is suppressed by processing gain, i.e. sufficient channel coding in combination with UE-specific scrambling of the transmitted signal.

To improve the cell-edge coverage, scheduling restrictions may be applied. In the general case, the entire spectrum is available to the scheduler of every cell. However, the scheduler may decide to restrict users close to the cell border to use only a fraction of the total BW by sending the appropriate scheduling grants. Assuming an inter-cell co-ordination of these restrictions, improved cell-edge SIR and thus improved cell-edge coverage can be achieved. 

6. Macro diversity

Uplink macro diversity in the reception sense
 is supported, i.e., the transmitted signal may be received by several Node Bs in addition to the scheduling (serving) Node B. Exploiting the transmitted signal, which regardless of the scheme will be present at multiple Node Bs, improves coverage as discussed in [2]. From a terminal perspective, this implies that the UE must be able to receive ACK/NAK feedback from all Node Bs in the active set. From a network perspective, there is a need for a macro diversity combination point (RNC, anchor Node B, or similar). Non-serving Node Bs, i.e., Node Bs not responsible for scheduling and timing control of a particular UE, also need the necessary receiver processing resources.

7. Timing alignment

To ensure orthogonality in the uplink, all UE transmissions must be time aligned at the Node B (within the cyclic prefix). This is implemented by the Node B measuring on the received signal and, based on the timing accuracy, transmitting a timing adjustment command to the UE. The timing adjustment command is sent as control information using the downlink SCCH. Note that a UE not actively transmitting may be out-of-sync, which needs to be accounted for in the initial random access.
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� In WCDMA, uplink macro diversity has two separate aspects: control of the UE transmission power (data rate) from multiple cells and reception of the transmitted signal at multiple cells.
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