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5
Support of wider bandwidth

5.1
General

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are LTE Rel-8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Not all component carriers may necessarily be LTE Rel-8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

-
An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.-
An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.
Component carriers originating from the same eNB need not to provide the same coverage.

The spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency raster of LTE Rel-8 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n*300 kHz spacing can be facilitated by insertion of a low number of unused subcarriers between contiguous component carriers. 

5.1A 
Physical layer

5.1A.1 
DL control signalling
The design principles for downlink control signalling of control region size, uplink and downlink resource assignments, and downlink HARQ ACK/NACK indication are described below.

-  
Independent control region size is applied for each component carrier. On any carrier with a control region, Rel-8 design (modulation, coding, mapping to resource elements) for PCFICH is reused.

-  
For signalling of resource assignments for downlink (PDSCH) and uplink (PUSCH) transmission, following mechanisms are supported,
-  
PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats are used on each component carrier.
-  
PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field, where Rel-8 DCI formats are extended with 1 – 3 bit carrier indicator field, and Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) is reused. 

where the presence of carrier indicator field is semi-statically configured. 
-
For signalling of downlink HARQ ACK/NACK indication, following principles are applied.
-
PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to resource elements) are reused.
-
PHICH is transmitted only on the downlink component carrier that was used to transmit the UL grant

-
At least in case that the number of downlink component carriers are more than or equal to that of uplink component carriers and no carrier indicator field is used, the Rel-8 PHICH resource mapping rule is reused.   
5.1A.2  UL control signalling
The design principles for uplink control signalling of HARQ ACK/NACK, scheduling request and channel state information (CSI) on PUCCH are described below.

· The Rel-10 PUCCH design supports up to five DL component carriers.

· For signalling of HARQ ACK/NACK on PUCCH for downlink (PDSCH) transmission, following mechanisms are supported:
-  
All HARQ ACK/NACK for a UE can be transmitted on PUCCH in absence of PUSCH transmission.
-
In general, transmission of one ACK/NACK for each DL component carrier transport block is supported.

-
In case of power limitation, limited transmission of ACK/NACK for the DL component carrier transport blocks is supported.

-
The design of the ACK/NACK resource allocation should consider performance and power control aspects, while not aiming to optimise for the case of large number of UEs being simultaneously scheduled on multiple DL component carriers.
· The scheduling request is transmitted on PUCCH and is semi-statically mapped onto one UE specific UL component carrier.
· Periodic CSI reporting on PUCCH is supported for up to five DL component carriers. The CSI is semi-statically mapped onto one UE specific UL component carrier and the design follows the Rel-8 principles for CQI/PMI/RI, considering ways to reduce reporting overhead or to extend CSI payload.
5.2
User Plane
5.2.1
Structure

Compared to the Layer 2 structure of LTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on Figured 5.2.1-1 below.
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Figure 5.2.1-1: Layer 2 Structure for the DL

The Layer 2 structure for the uplink is depicted on Figured 5.2.1-2 below.


[image: image2.emf]Multiplexing

...

Scheduling / Priority Handling

Transport Channels

MAC

RLC

PDCP

Segm.

ARQ etc

Segm.

ARQ etc

Logical Channels

ROHC ROHC

Radio Bearers

Security Security

HARQ HARQ ...

CC

1

CC

x

...


Figure 5.2.1-2: Layer 2 Structure for the UL

5.2.2
MAC

From a UE perspective, the Layer 2 aspects of HARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time.
5.2.3
RLC

The RLC protocol of LTE Rel-8 also applies to carrier aggregation and allows LTE-A to handle data rate up to 1Gbps. Further enhancements (e.g. increased RLC SN) size can be considered.

5.2.4
PDCP

The PDCP protocol of LTE Rel-8 also applies to carrier aggregation.

5.3
Control plane

5.3.1
Structure

The C-Plane architecture of LTE Rel-8 also applies to carrier aggregation.

5.3.2
RRC procedures

After RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling. At intra-LTE handover, multiple CCs can be included in the "handover command" for usage in the target cell. 

5.3.3
Idle mode procedures

Idle mode mobility procedures of LTE Rel-8 also apply in a network deploying carrier aggregation. It should be possible for a network to configure only a subset of CCs for idle mode camping.
6
Uplink transmission scheme
6.1
Uplink spatial multiplexing
LTE-Advanced extends LTE Rel-8 with support for uplink spatial multiplexing of up to four layers.
In case of uplink single-user spatial multiplexing, up to two transport blocks can be transmitted from a scheduled UE in a subframe per uplink component carrier. Each transport block has its own MCS level. Depending on the number of transmission layers, the modulation symbols associated with each of the transport blocks are mapped onto one or two layers according to the same principle as for LTE Rel-8 downlink spatial multiplexing. The transmission rank can be adapted dynamically. It is possible to configure the uplink single-user spatial-multiplexing transmission with or without the layer shifting. In case of the layer shifting, shifting in time domain is supported. 
If layer shifting is configured, the HARQ-ACKs for all transport blocks are bundled into a single HARQ-ACK. One-bit ACK is transmitted to the UE if all transport blocks are successfully decoded by the eNodeB. Otherwise, one-bit NACK is transmitted to the UE. 
If layer shifting is not configured, each transport block has its own HARQ-ACK feedback signalling. 

For FDD and TDD, precoding is performed according to a predefined codebook. If layer shifting is not configured, precoding is applied after the layer mapping. If layer shifting is configured, precoding is applied after the layer shifting operation. Application of a single precoding matrix per uplink component carrier is supported. In case of full-rank transmission, only identity precoding matrix is supported. For uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook as defined in Table 6.1-1 is used. 

Table 6.1-1: 3-bit precoding codebook for uplink spatial multiplexing with two transmit antennas

	Codebook index
	Number of layers 
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For uplink spatial multiplexing with four transmit antennas, 6-bit precoding codebook is used. The subset of the precoding codebook used for 1-layer transmission is defined in Table 6.1-2. The baseline for the subset of the precoding codebook used for 2-layer transmission is defined in Table 6.1-3. For 3-layer transmission, the number of precoding matrices is 20, and only BPSK or QPSK alphabets are used for non-zero elements in precoding matrices.
Table 6.1-2:  6-bit precoding codebook for uplink spatial multiplexing with four transmit antennas: precoding matrices for 1-layer transmission.
	
	Codebook 

	Index

0 to 7
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8 to 15
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16 to 23
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Table 6.1-3:  6-bit precoding codebook for uplink spatial multiplexing with four transmit antennas: precoding matrices for 2-layer transmission.
	
	Codebook

	Index

0 to 7
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	Index

8 to 15
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6.1A

Uplink transmit diversity
For UEs with multiple transmit antennas, an uplink Single Antenna Port Mode is defined, where the UE behaviour is same as the one with single antenna from eNodeB’s perspective. For a given UE, the uplink Single Antenna Port Mode can be independently configured for its PUCCH, PUSCH and SRS transmissions. 

The uplink Single Antenna Port Mode is the default mode before eNodeB is aware of the UE transmit antenna configuration.

6.1A.1
Transmit Diversity for Uplink Control Channel
For uplink control channels with Rel-8 PUCCH format 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with two antenna ports.  In this transmit diversity scheme, the same modulation symbol from the uplink channel is transmitted from two antenna ports, on two separate orthogonal resources. 
For the UE with four transmit antennas, the 2-tx transmit diversity scheme is applied.
6.2
Uplink multiple access

DFT-precoded OFDM is the transmission scheme used for PUSCH both in absence and presence of spatial multiplexing. In case of multiple component carriers, there is one DFT per component carrier. Both frequency-contiguous and frequency-non-contiguous resource allocation is supported on each component carrier.

Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

-
Control signalling is multiplexed with data on PUSCH according to the same principle as in LTE Rel-8
-
Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
6.3
Uplink reference signals
LTE Advanced retains the basic uplink reference-signal structure of LTE Rel-8, with two types of uplink reference signals:

-
Demodulation reference signal 
-
Sounding reference signal
In case of uplink multi-antenna transmission, the precoding applied for the demodulation reference signal is the same as the one applied for the PUSCH. Cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals. 

The baseline for sounding reference signal in LTE-Advanced operation is non-precoded and antenna-specific. For multiplexing of the sounding reference signals, the LTE Rel-8 principles are reused. 
6.4
Uplink power control
Scope of uplink power control in LTE-Advanced is similar to Rel’8:
-
UL power control mainly compensates for slow-varying channel conditions while reducing the interference generated towards neighboring cells 

-
Fractional path-loss compensation or full path-loss compensation is used on PUSCH and full path-loss compensation on PUCCH

LTE-Advanced supports component carrier specific UL power control for both contiguous and non-contiguous carrier aggregation for closed-loop case, and for open loop at least for the cases that the number of downlink component carriers is more than or equal to that of uplink component carriers.
7
Downlink transmission scheme
7.0
Physical channel mapping
LTE-Advanced supports the PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS
-
In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data
-
Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8
7.1
Downlink spatial multiplexing
LTE-Advanced extends LTE Rel-8 downlink spatial multiplexing with support for up to eight layers spatial multiplexing
In the downlink 8-by-X single user spatial multiplexing, up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier. Each transport block is assigned its own modulation and coding scheme. For HARQ ACK/NAK feedback on uplink, one bit is used for each transport block.
A transport block is associated with a codeword. For up to four layers, the codeword-to-layer mapping is the same as for LTE Rel-8. For more than four layers as well as the case of mapping one codeword to three or four layers, which is for retransmission of one out of two codewords that were initially transmitted with more than four layers, the layer mapping shall be done according to Table 7.1-1. Complex-valued modulation symbols  
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Table 7.1-1: Codeword-to-layer mapping for above four layers and the case of mapping one codeword to three or four layers
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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7.1.1
Feedback in support of downlink spatial multiplexing
The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback. 
7.2
Downlink reference signals
LTE-Advanced extends the downlink reference-signal structure of LTE with 

-
Reference signals targeting PDSCH demodulation
-
Reference signals targeting CSI estimation (for CQI/PMI/RI/etc reporting when needed)
The reference signal structure can be used to support multiple LTE-Advanced features, e.g. CoMP and spatial multiplexing.

The reference signals targeting PDSCH demodulation are:

-
UE-specific, i.e, the PDSCH and the demodulation reference signals intended for a specific UE are subject to the same precoding operation. 
-
Present only in resource blocks and layers scheduled by the eNodeB for transmission. 
-
Mutually orthogonal between layers at the eNodeB.
The design principle for the reference signals targeting PDSCH modulation is an extension to multiple layers of the concept of Rel-8 UE-specific reference signals used for beamforming. Complementary use of Rel-8 cell-specific reference signals by the UE is not precluded.

Reference signals targeting CSI estimation are 

-
cell specific
-
sparse in frequency and time.
-
punctured into the data region of normal/MBSFN subframe
7.3
Downlink transmit diversity

For the downlink transmit diversity with more than four transmit antennas applied to PDCCH, and PDSCH in non-MBSFN subframes, the Rel-8 transmit diversity scheme is used. 
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