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7
Physical Layer for evolved UTRA
Supported bandwidths are 1.25MHz, 1.6MHz
, 2.5MHz, 5MHz, 10MHz, 15MHz, and 20MHz.

7.1
Downlink Transmission Scheme

For both FDD and TDD, the downlink transmission scheme is based on OFDMA. Each 10 ms radio frame is divided into 20 equally sized sub-frames. In addition, for coexistence with LCR-TDD, a frame structure according to [2], section 6.2.1.1.1, is also supported when operating E-UTRA in TDD mode. Channel-dependent scheduling and link adaptation can operate on a sub-frame level.
7.1.1
Basic transmission scheme based on OFDMA

7.1.1.1 Basic parameters

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. Information about the basic downlink parameters for operation in both paired and unpaired spectrum are given in [2] section 7.1.1. For operation in unpaired spectrum with these parameters (generic frame structure), idle symbols are included at DL/UL switching points and the idle period, required in the Node B at UL/DL switching points, is created by timing advance means. Note that, for operation in unpaired spectrum there is also an additional numerology, compatible with LCR-TDD, see [2]. 

The sub-carrier spacing is constant regardless of the transmission bandwidth. To allow for operation in differently sized spectrum allocations, the transmission bandwidth is instead varied by varying the number of OFDM sub-carriers.
7.1.1.1.1
Modulation scheme

Supported downlink data-modulation schemes are QPSK, 16QAM, and 64QAM.
7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto OFDM time/frequency symbols. The OFDM symbols are organized into a number of physical resource blocks (PRB) consisting of a number of consecutive sub-carriers for a number of consecutive OFDM symbols. The granularity of the resource allocation is matched to the expected minimum payload. 
The frequency and time allocations to map information for a certain UE to resource blocks are determined by the Node B scheduler, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme are also determined by the Node B scheduler and also depend on the reported CQI (time/frequency-domain link adaptation). Both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are supported. To describe this, the notion of a virtual resource block (VRB) is introduced. A virtual resource block has the following attributes:

· Size, measured in terms of time-frequency resource
· Type, which can be either ‘localized’ or ‘distributed’
· Distributed VRBs are mapped onto the PRBs in a distributed manner. Localized VRBs are mapped onto the PRBs in a localized manner. 

The multiplexing of localized and distributed transmissions within one sub-frame is accomplished by FDM.
7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure consists of known reference symbols transmitted in known positions within the OFDM time/frequency grid. Reference symbols (a.k.a. ”First reference symbols”) are located in the first OFDM symbol of every sub-frame assigned for downlink transmission. This is valid for both FDD and TDD as well as for both long and short CP. Additional reference symbols (a.k.a. ”Second reference symbols”) are located in the third last OFDM symbol of every sub-frame assigned for downlink transmission. This is the baseline for both FDD and TDD as well as for both long and short CP. See [2] section 7.1.1.2.2 for more details.
Orthogonality between reference signals of different TX antennas of the same cell/beam is created by means of FDM.  This implies that the reference-signal structure with different antenna-specific frequency shifts is valid for each antenna. The reference signals of different cells/beams belonging to the same Node B are orthogonal to each other.
7.1.1.2.3
Downlink L1/L2 Control Signaling

The downlink outband control signaling consists of

· scheduling information for downlink data transmission,

· scheduling grant for uplink transmission, and

· ACK/NAK in response to uplink transmission.

Transmission of control signalling from these groups is mutually independent, e.g., ACK/NAK can be transmitted to a UE regardless of whether the same UE is receiving scheduling information or not. 

Downlink scheduling information is used to inform the UE how to process the downlink data transmission.
Uplink scheduling grants are used to assign resources to UEs for uplink data transmission.

The hybrid ARQ (HARQ) feedback in response to uplink data transmission consists of a single ACK/NAK bit per HARQ process.
7.1.1.3
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO and antenna diversity is two transmit antennas at the cell site and two receive antennas at the UE. The higher-order downlink MIMO and antenna diversity (four TX and two or four RX antennas) is also supported. 
Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. The spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency resource is denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO.
Modes of operation of multiple transmit antennas at the cell site (denoted as MIMO mode) are spatial multiplexing, beamforming, and single-stream transmit diversity mode(s). The MIMO mode is restricted by the UE capability, e.g. number of receive antennas, and is determined taking into account the slow channel variation. The MIMO mode is adapted slowly (e.g. only at the beginning of communication or every several 100 msec), in order to reduce the required control signalling (including feedback) required to support the MIMO mode adaptation.
For control channel, only single stream using the multiple transmit antennas is supported.
7.1.1.4
MBMS

MBMS transmissions are performed in the following two ways:

- Multi-cell transmissions

- Single-cell transmissions
At least in case of multi-cell transmissions, the MTCH is mapped onto the MCH.

Tight inter-cell synchronization, in the order of substantially less than the cyclic prefix, is assumed in order for the UE to be able to combine multi-cell MBMS transmissions. 

The MBMS transmission consisting of only broadcast/MBMS related information share the same carrier with unicast traffic or can be transmitted on a separate carrier (e.g. for a mobile TV application). 
7.1.2
Physical layer procedure 

7.1.2.1
Scheduling

The Node B scheduler (for unicast transmission) dynamically controls which time/frequency resources are allocated to a certain user at a given time. Downlink control signaling informs UE(s) what resources and respective transmission formats have been allocated. The scheduler can instantaneously choose the best multiplexing strategy from the available methods; e.g. frequency localized or frequency distributed transmission. The flexibility in selecting resource blocks and multiplexing users (7.1.1.2) will influence the available scheduling performance. Scheduling is tightly integrated with link adaptation (7.1.2.2) and HARQ (7.1.2.3). The decision of which user transmissions to multiplex within a given sub-frame may for example be based on

· QoS parameters and measurements,

· payloads buffered in the Node-B ready for scheduling,

· pending retransmissions,

· CQI reports from the UEs, 

· UE capabilities,

· UE sleep cycles and measurement gaps/periods,

· system parameters such as bandwidth and interference level/patterns,

· etc.
7.1.2.2
Link adaptation

Link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel. The same coding and modulation is applied to all groups of resource blocks belonging to the same L2 PDU scheduled to one user within one TTI and within a single stream. This applies to both localized and distributed transmission.
The overall coding and modulation is illustrated in Figure 7.1.2.2-1.
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Figure 7.1.2.2-1 – Resource block-common adaptive modulation and resource block-common channel coding rate scheme (for localized and distributed transmission modes).
7.1.2.3
HARQ
Downlink HARQ is based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The N-channel Stop-and-Wait protocol is used for downlink HARQ.

7.1.2.4
Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth from 1.25 to 20 MHz. 
E-UTRA cell search is based on two signals (“channels”) transmitted in the downlink, the “SCH” (Synchronization Channel) and “BCH” (Broadcast Channel). 
The primary purpose of the SCH is to enable acquisition of the frequency and received timing, i.e., at least the SCH symbol timing, and frequency of the downlink signal. The UE can obtain the remaining cell/system-specific information from the BCH, SCH and also from some additional channels, such as the reference symbols. The primary purpose of the BCH is to broadcast a certain set of cell and/or system-specific information similar to the current UTRA BCH transport channel.
Aside from the SCH symbol timing and frequency information, the UE must acquire at least the following cell-specific information.
· The overall transmission bandwidth of the cell

· Cell ID

· Radio frame timing information when this is not directly given by the SCH timing, i.e., if the SCH is transmitted more than once every radio frame 
· Information regarding the antenna configuration of the cell (number of transmitter antennas)
· Information regarding the BCH bandwidth if multiple transmission bandwidths of the BCH are defined
· CP length information regarding the sub-frame in which the SCH and/or BCH are transmitted
Each set of information is detected by using one or several of the SCH, reference symbols, or the BCH.

The SCH and BCH are transmitted one or multiple times every 10-msec radio frame.

SCH structure is based on the constant bandwidth of 1.25 MHz regardless of the overall transmission bandwidth of the cell, at least for initial cell search. 
7.1.2.5
Inter-cell interference mitigation
There are three, not mutually exclusive approaches to inter-cell interference mitigation: 
· Inter-cell-interference randomization

· Inter-cell-interference cancellation

· Inter-cell-interference co-ordination/avoidance
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for downlink inter-cell-interference mitigation. The main focus during the study item has been on different schemes for interference coordination. The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. It has been concluded that this is mainly a scheduler implementation issue apart from additional inter-node communication and/or additional UE measurements and reporting.

7.1.3
Physical layer measurements
7.1.3.1
UE measurements
7.1.3.1.1
Measurements for Scheduling
7.1.3.1.1.1
Channel Quality Measurements
The UE is able to measure and report to the Node B the channel quality of one resource block or a group of resource blocks, in form of a Channel quality indicator (CQI). In order to allow for efficient trade-off between UL signaling overhead and link-adaptation/scheduling performance taking varying channel-conditions and type of scheduling into account, the time granularity of the CQI reporting is adjustable in terms of sub-frame units (periodic or triggered) and set on a per UE or per UE-group basis.
CQI feedback from UE which indicates the downlink channel quality can be used at Node B at least for the following purposes:

· Time/frequency selective scheduling
· Selection of modulation and coding scheme
· Interference management
· Transmission power control for physical channels, e.g., physical/L2-control signaling channels.

7.1.3.1.1.2
Measurements for Interference Coordination/Management

Channel quality measurements defined in section 7.1.3.1.1.1 and some measurements defined in section 7.1.3.1.2 can be used for interference coordination/management purpose. 

7.1.3.1.2
Measurements for Mobility

In order to support efficient mobility in E-UTRAN, the UEs are required to identify and measure the relevant measurement quantities of neighbour cells and the serving cell. Such measurements for mobility are needed in the following mobility functions:

1) PLMN selection

2) Cell selection and cell reselection

3) Handover decision

7.1.3.1.2.1
Intra-frequency neighbour measurements 

Neighbour cell measurements performed by the UE are named intra-frequency measurements when the UE can carry out the measurements without re-tuning its receiver. 
7.1.3.1.2.2
Inter-frequency neighbour measurements 

Neighbour cell measurements are considered inter-frequency measurements when the UE needs to re-tune its receiver in order to carry out the measurements. 
In case of inter-frequency measurements, the network needs to be able to provide UL/DL idle periods for the UE to perform necessary neighbour measurements.
7.1.3.1.2.3
Inter RAT measurements 

Neighbour measurements are considered inter-RAT measurements when UE needs to measure other radio access technology cells. For these kinds of measurements, the network needs to be able to provide UL/DL idle periods.

7.1.3.1.2.4
Measurement gap control 

In case the UE needs UL/DL idle periods for making neighbour measurements or inter-RAT measurements, the network needs to provide enough idle periods for the UE to perform the requested measurements. Such idle periods are created by the scheduler, i.e. compressed mode is assumed not needed. 
7.2
Uplink Transmission Scheme

For both FDD and TDD, the basic uplink transmission scheme is based on low power de-rated single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Each 10 ms radio frame is divided into 20 equally sized sub-frames and scheduling can operate on a sub-frame level. In addition, for coexistence with LCR-TDD, a frame structure according to [2], section 6.2.1.1.1, is also supported when operating E-UTRA in TDD mode. To allow for multi-user MIMO reception at the Node B, transmission of orthogonal pilot patterns from single Tx-antenna UEs is part of the baseline uplink transmission scheme.
7.2.1
Basic transmission scheme

The basic uplink transmission scheme is SC-FDMA with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side, see Figure 7.2.1-1.
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Figure 7.2.1-1 Transmitter structure for SC-FDMA.

The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 7.2.1-2. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions for additional frequency diversity.
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Figure 7.2.1-2 Localized mapping (left) and distributed mapping (right).

Information about the basic uplink parameters for operation in both paired and unpaired spectrum are given in [2] section 9.1.1. For operation in unpaired spectrum with these parameters (generic frame structure), idle symbols are included at DL/UL switching points and the idle period, required in the Node B at UL/DL switching points, is created by timing advance means. Note that, for operation in unpaired spectrum there is an additional numerology, compatible with LCR-TDD, see [2]. The sub-frame structure defined in [2] contains two short blocks and N long blocks. 

The minimum TTI for uplink transmission is equal to the uplink sub-frame duration.
7.2.1.1
Modulation scheme

Information about the uplink modulation scheme for operation are given in [2] section 9.1.1.1.
7.2.1.2
Multiplexing including reference signal structure
7.2.1.2.1
Uplink data multiplexing
The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto SC-FDMA time/frequency symbols. The overall SC-FDMA time/frequency resource symbols can be organized into a number of resource units (RU). Each RU consists of a number (M) of consecutive or non-consecutive sub-carriers during the N long blocks within one sub-frame. To support the localized and distributed transmission  two types of RUs are defined as follows:

· Localized RU (LRU), which consists of M consecutive sub-carriers during N long blocks.
· Distributed RU (DRU), which consists of M equally spaced non-consecutive sub-carriers during N long blocks.
This results in the number of RUs depending on system bandwidth as shown in [2] section 9.1.1.2.1.
7.2.1.2.2
Uplink reference-signal structure

Uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Uplink channel estimation for uplink coherent demodulation/detection

· Uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling

The uplink reference signals are based on CAZAC sequences.
Multiple mutually orthogonal reference signals can be created and be allocated to: 

· A single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO)

· Different UEs within the same Node B

The uplink reference-signal structure allows for: 

· Localized reference signals. 

· Distributed reference signals.
7.2.1.2.3
Multiplexing of L1/L2 control signaling
There are two types of L1 and L2 control-signaling information:

· data-associated signaling (e.g., transport format and HARQ information), which is associated with uplink data transmission, and

· data-non-associated signaling (e.g., CQI and/or ACK/NAK due to downlink transmissions, and scheduling requests for uplink transmission). 

There are three multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a sub-frame for a single UE:

· Multiplexing of pilot, data, and data-associated L1/L2 control signaling 

· Multiplexing of pilot, data, data-associated, and data-non-associated L1/L2 control signaling 
· Multiplexing of pilot and data-non-associated L1/L2 control signaling 
7.2.1.2.4
Uplink L1/L2
Control Signalling

Depending on presence or absence of uplink timing synchronization, the uplink L1/L2 control signaling can differ.

In the case of time synchronization being present, the outband control signaling consists of

· Data-associated control signaling

· CQI

· ACK/NAK

· Synchronous random access (scheduling request, resource request)

Data-associated control signalling can only be transmitted together with user data.
The CQI informs the scheduler about the current channel conditions as seen by the UE. If MIMO transmission is used, the CQI includes necessary MIMO-related feedback.
The HARQ feedback in response to downlink data transmission consists of a single ACK/NAK bit per HARQ process.

The synchronized random access is used by the UE to request resources for uplink data transmission. 
In the case of time synchronization not being present, the outband control signalling consists of

· Non-synchronized random access
7.2.1.3
MIMO 
The baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the Cell site. If the UE has only single power amplifier and two transmit antennas, the antenna switching/selection is the only option that is supported for SU-MIMO.
To allow for Multi-user MIMO reception at the Node B, allocation of the same time and frequency resource to two UEs, each of which transmitting on a single antenna, is supported as part of the uplink baseline configuration.
7.2.1.4
Power De-rating Reduction

Single-carrier transmission allows for further power de-rating reduction, e.g., through the use of specific modulation, clipping, spectral filtering, etc.
7.2.2
Physical channel procedure
7.2.2.1
Random access procedure

The random access procedure is classified into two categories:

· non-synchronized random access, and

· synchronized random access.
7.2.2.1.1
Non-synchronized random access
The non-synchronized random access is used when i) the UE uplink has not been time synchronized or ii) the UE uplink loses synchronization. The non-synchronized access allows the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix.
The random-access procedure is based on transmission of a random-access burst. Time frequency resources for the random-access attempts are controlled by the RRM configuration. 
The non-synchronized random access preamble is used for at least UE uplink time synchronization, signature detection. 

Prior to attempting a non-synchronized random access, the UE shall synchronize to the downlink transmission.
7.2.2.1.1.1
Power control for non-synchronized random access
The power control scheme designed assumes no intra-cell interference from data transmissions (i.e., TDM/FDM operation).
Open loop power control is used to determine the initial transmit power level.  It is possible to vary the random access burst transmit power between successive bursts using:

  a) Power ramping with configurable step size including zero step size for both FDD and TDD case

  b) Per-burst open loop power determination for TDD case only
7.2.2.1.2
Synchronized random access
The synchronized random access is used when the UE uplink is time synchronized by the Node B. The purpose is for the UE to request resources for uplink data transmission. One of the objectives of the synchronized random access procedure is to reduce the overall latency.
Synchronized random access and data transmission are also time and/or frequency multiplexed.  
7.2.2.2
Scheduling

The uplink should allow for both scheduled (Node B controlled) access and contention-based access. 

In case of scheduled access the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. Downlink control signaling informs UE(s) what resources and respective transmission formats have been allocated. The decision of which user transmissions to multiplex within a given sub-frame may for example be based on

· QoS parameters and measurements,

· payloads buffered in the UE ready for transmission,

· pending retransmissions
· uplink channel quality measurements 
· UE capabilities,

· UE sleep cycles and measurement gaps/periods,

· system parameters such as bandwidth and interference level/patterns,

· etc.
7.2.2.3
Link adaptation
Uplink link adaptation is used in order to guarantee the required minimum transmission performance of each UE such as the user data rate, packet error rate, and latency, while maximizing the system throughput.

Three types of link adaptation are performed according to the channel conditions, the UE capability such as the maximum transmission power and maximum transmission bandwidth etc., and the required QoS such as the data rate, latency, and packet error rate etc. Three link adaptation methods are as follows.

· Adaptive transmission bandwidth

· Transmission power control

· Adaptive modulation and channel coding rate
7.2.2.4
Power control

For the uplink, transmission power control, being able to compensate for at least path loss and shadowing is applied. 
7.2.2.5
HARQ
Uplink HARQ is based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The N-channel Stop-and-Wait protocol is used for uplink HARQ.
7.2.2.6
Uplink timing control

In order to keep time alignment between uplink transmissions from multiple UEs at the receiver side, timing-control commands, commanding UEs to advance or retract the respective transmit timing, can be transmitted on the downlink. 
7.2.2.7
Inter-cell interference mitigation
The basic approaches to inter-cell interference mitigation for uplink are as follows.
· Co-ordination/avoidance i.e. by fractional re-use of time/frequency resources
· Inter-cell-interference randomization
· Inter-cell-interference cancellation
· Power control
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for uplink inter-cell-interference mitigation. 
The main focus during the study item has been on different schemes for interference coordination. The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the uplink resource management in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. It has been concluded that this is mainly a scheduler implementation issue apart from additional inter-node communication and/or additional UE measurements and reporting.
---------------------------------  End of Text Proposal  -----------------------------------------------------
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� This has been introduced with spectrum compatibility with LCR-TDD in mind.
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