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First Alternative

5.1.1
Basic transmission scheme based on OFDM
The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. The OFDM sub-carrier spacing is (f = 15 kHz. 12 consecutive sub-carriers during one slot correspond to one downlink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per carrier. 

In addition there is also a reduced sub-carrier spacing(flow = 7.5 kHz, only for MBMS-dedicated cell. 

In the case of 15 kHz sub-carrier spacing there are two cyclic-prefix lengths, corresponding to seven and six OFDM symbols per slot respectively. 

-
Normal cyclic prefix: TCP = 160(Ts (OFDM symbol #0) , TCP = 144(Ts (OFDM symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (OFDM symbol #0 to OFDM symbol #5)

where Ts  = 1/ (2048 ( (f)

In case of 7.5 kHz sub-carrier spacing, there is only a single cyclic prefix length TCP-low = 1024(Ts, corresponding to 3 OFDM symbols per slot.
In case of FDD, operation with half duplex from UE point of view is supported.
Next Modified Subclause
5.2.1
Basic transmission scheme

For both FDD and TDD, the uplink transmission scheme is based on single-carrier FDMA, more specifically DFTS-OFDM. 
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Figure 5.2.1-1: Transmitter scheme of SC-FDMA
The uplink sub-carrier spacing (f = 15 kHz. The sub-carriers are grouped into sets of 12 consecutive sub-carriers, corresponding to the uplink resource blocks. 12 consecutive sub-carriers during one slot correspond to one uplink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per carrier. 

There are two cyclic-prefix lengths defined: Normal cyclic prefix and extended cyclic prefix corresponding to seven and six SC-FDMA symbol per slot respectively. 

-
Normal cyclic prefix: TCP = 160(Ts (SC-FDMA symbol  #0) , TCP = 144(Ts (SC-FDMA symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (SC-FDMA symbol  #0 to SC-FDMA symbol  #5)

Next Modified Subclause
5.5
Carrier Aggregation
In Carrier Aggregation, two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz. All component carriers can be configured to be LTE Rel-8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are the 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.
Next Modified Subclause
6
Layer 2

Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Convergence Protocol (PDCP). 

This subclause gives a high level description of the Layer 2 sub-layers in terms of services and functions. The two figures below depict the PDCP/RLC/MAC architecture for downlink and uplink, where:

-
Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The SAPs between the MAC sublayer and the RLC sublayer provide the logical channels.

-
The multiplexing of several logical channels (i.e. radio bearers) on the same transport channel (i.e. transport block) is performed by the MAC sublayer;

-
The multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC;
-
In both uplink and downlink, 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..
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Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL
NOTE:
The eNB may not be able to guarantee that a L2 buffer overflow will never occur. If such overflow occurs, UE may discard packets in the L2 buffer.
Next Modified Subclause
7.4
System Information

A cell is identified by a unique ECGI and corresponds to the transmission of system information in one CC. Rel-8 and 9 relevant system information and possible extensions for Rel-10 are delivered on “backward compatible” CCs. Each CC provides on BCCH the system information which is specific to it.
System information is divided into the MasterInformationBlock (MIB) and a number of SystemInformationBlocks (SIBs):

-
MasterInformationBlock defines the most essential physical layer information of the cell required to receive further system information;

-
SystemInformationBlockType1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information blocks;

-
SystemInformationBlockType2 contains common and shared channel information;

-
SystemInformationBlockType3 contains cell re-selection information, mainly related to the serving cell;

-
SystemInformationBlockType4 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType5 contains information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType6 contains information about UTRA frequencies and UTRA neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType7 contains information about GERAN frequencies relevant for cell re-selection (including cell re-selection parameters for each frequency);

-
SystemInformationBlockType8 contains information about CDMA2000 frequencies and CDMA2000 neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType9 contains a home eNB identifier (HNBID);

-
SystemInformationBlockType10 contains an ETWS primary notification;

-
SystemInformationBlockType11 contains an ETWS secondary notification;

-
SystemInformationBlockType12 contains a CMAS warning notification;
-
SystemInformationBlockType13 contains MBMS-related information.
The MIB is mapped on the BCCH and carried on BCH while all other SI messages are mapped on the BCCH and dynamically carried on DL-SCH where they can be identified through the SI-RNTI (System Information RNTI). Both the MIBand SystemInformationBlockType1use a fixed schedule with a periodicity of 40 and 80 ms respectively while the scheduling of other SI messages is flexible and indicated by SystemInformationBlockType1.
The eNB may schedule DL-SCH transmissions concerning logical channels other than BCCH in the same subframe as used for BCCH. The minimum UE capability restricts the BCCH mapped to DL-SCH e.g. regarding the maximum rate.

The Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change.

System information may also be provided to the UE by means of dedicated signalling e.g. upon handover.

Next Modified Subclause
10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size and number of component carriers aggregated;

The random access procedure is performed for the following six events:

-
Initial access from RRC_IDLE;
-
RRC Connection Re-establishment procedure;
-
Handover;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
-
For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning;
Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to first five events);

-
Non-contention based (applicable to only handover, DL data arrival and positioning).

Normal DL/UL transmission can take place after the random access procedure.
Second Alternative

5.1.1
Basic transmission scheme based on OFDM
The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. The OFDM sub-carrier spacing is (f = 15 kHz. 12 consecutive sub-carriers during one slot correspond to one downlink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per carrier or per component carrier in case of CA. 

In addition there is also a reduced sub-carrier spacing(flow = 7.5 kHz, only for MBMS-dedicated cell. 

In the case of 15 kHz sub-carrier spacing there are two cyclic-prefix lengths, corresponding to seven and six OFDM symbols per slot respectively. 

-
Normal cyclic prefix: TCP = 160(Ts (OFDM symbol #0) , TCP = 144(Ts (OFDM symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (OFDM symbol #0 to OFDM symbol #5)

where Ts  = 1/ (2048 ( (f)

In case of 7.5 kHz sub-carrier spacing, there is only a single cyclic prefix length TCP-low = 1024(Ts, corresponding to 3 OFDM symbols per slot.
In case of FDD, operation with half duplex from UE point of view is supported.
Next Modified Subclause
5.2.1
Basic transmission scheme

For both FDD and TDD, the uplink transmission scheme is based on single-carrier FDMA, more specifically DFTS-OFDM. 
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Figure 5.2.1-1: Transmitter scheme of SC-FDMA
The uplink sub-carrier spacing (f = 15 kHz. The sub-carriers are grouped into sets of 12 consecutive sub-carriers, corresponding to the uplink resource blocks. 12 consecutive sub-carriers during one slot correspond to one uplink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per carrier or per component carrier in case of CA. 

There are two cyclic-prefix lengths defined: Normal cyclic prefix and extended cyclic prefix corresponding to seven and six SC-FDMA symbol per slot respectively. 

-
Normal cyclic prefix: TCP = 160(Ts (SC-FDMA symbol  #0) , TCP = 144(Ts (SC-FDMA symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (SC-FDMA symbol  #0 to SC-FDMA symbol  #5)

Next Modified Subclause
5.5
Carrier Aggregation

In Carrier Aggregation, two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz. All component carriers can be configured to be LTE Rel-8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are the 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.
Next Modified Subclause
6
Layer 2

Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Convergence Protocol (PDCP). 

This subclause gives a high level description of the Layer 2 sub-layers in terms of services and functions. The two figures below depict the PDCP/RLC/MAC architecture for downlink and uplink, where:

-
Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The SAPs between the MAC sublayer and the RLC sublayer provide the logical channels.

-
The multiplexing of several logical channels (i.e. radio bearers) on the same transport channel (i.e. transport block) is performed by the MAC sublayer;

-
In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC;
-
In both uplink and downlink, when CA is not configured, only one transport block is generated per TTI in the non-MIMO case.
-
In both uplink and downlink, when CA is configured 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..
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Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL
NOTE:
The eNB may not be able to guarantee that a L2 buffer overflow will never occur. If such overflow occurs, UE may discard packets in the L2 buffer.
Next Modified Subclause
7.4
System Information

System information is divided into the MasterInformationBlock (MIB) and a number of SystemInformationBlocks (SIBs):

-
MasterInformationBlock defines the most essential physical layer information of the cell required to receive further system information;

-
SystemInformationBlockType1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information blocks;

-
SystemInformationBlockType2 contains common and shared channel information;

-
SystemInformationBlockType3 contains cell re-selection information, mainly related to the serving cell;

-
SystemInformationBlockType4 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType5 contains information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType6 contains information about UTRA frequencies and UTRA neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType7 contains information about GERAN frequencies relevant for cell re-selection (including cell re-selection parameters for each frequency);

-
SystemInformationBlockType8 contains information about CDMA2000 frequencies and CDMA2000 neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SystemInformationBlockType9 contains a home eNB identifier (HNBID);

-
SystemInformationBlockType10 contains an ETWS primary notification;

-
SystemInformationBlockType11 contains an ETWS secondary notification;

-
SystemInformationBlockType12 contains a CMAS warning notification;
-
SystemInformationBlockType13 contains MBMS-related information.
The MIB is mapped on the BCCH and carried on BCH while all other SI messages are mapped on the BCCH and dynamically carried on DL-SCH where they can be identified through the SI-RNTI (System Information RNTI). Both the MIBand SystemInformationBlockType1use a fixed schedule with a periodicity of 40 and 80 ms respectively while the scheduling of other SI messages is flexible and indicated by SystemInformationBlockType1.
The eNB may schedule DL-SCH transmissions concerning logical channels other than BCCH in the same subframe as used for BCCH. The minimum UE capability restricts the BCCH mapped to DL-SCH e.g. regarding the maximum rate.

The Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change.

System information may also be provided to the UE by means of dedicated signalling e.g. upon handover.
In case of CA, a cell is identified by a unique ECGI and corresponds to the transmission of system information in one CC. Rel-8 and 9 relevant system information and possible extensions for Rel-10 are delivered on “backward compatible” CCs. Each CC provides on BCCH the system information which is specific to it.
Next Modified Subclause
10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size and – in case of CA - number of component carriers aggregated;

The random access procedure is performed for the following six events:

-
Initial access from RRC_IDLE;
-
RRC Connection Re-establishment procedure;
-
Handover;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
-
For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning;
Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to first five events);

-
Non-contention based (applicable to only handover, DL data arrival and positioning).

Normal DL/UL transmission can take place after the random access procedure.
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