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1. Introduction

Following the decision At TSG RAN plenary #34, this contribution propose the text for Stage 2 TS (36.300) , section 5, which is on Physical layer for LTE. 
Yellow is updated according to the comment during the session

Green is updated according to the decision in St. Louis meeting
5
Physical Layer for E-UTRA
The generic frame structure is illustrated in Figure 5.1-1. Each 10 ms radio frame is divided into ten equally sized sub-frames. Each sub-frame consists of two equally sized slots. Each sub-frame can be assigned for either downlink or uplink transmission [there are certain restrictions in the assignment as the first and sixth sub-frame of each frame include the downlink synchronization signals] 
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Figure 5.1-1: Generic frame structure.
In addition, for coexistence with LCR-TDD, an alternative frame structure illustrated in Figure 5.1-2, is also supported when operating E-UTRA in TDD mode.
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Figure 5.1-2: alternative frame structure.
5.1
Downlink Transmission Scheme
5.1.1
Basic transmission scheme based on OFDMA
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 = 170. 

In addition there is also reduced sub-carrier spacing(flow = 7.5 kHz, with focus on carriers carrying MCH using MBSFN. 

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 of 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.
For operation in unpaired spectrum with generic frame structure, DL/UL switching points are generated by not transmitting in certain symbols while idle periods, required by the Node B at UL/DL switching points are created using time advance mechanism. For the alternative frame structure, the cyclic prefix length, in case of 15 kHz sub-carrier spacing, is

· Normal cyclic prefix: TCP = 224(Ts (OFDM symbol #0 to #8)
· Extended cyclic prefix: TCP-e = 512(Ts (OFDM symbol #0 to #7)
5.1.2
 Physical-layer processing
The downlink physical-layer processing of transport channels consists of the following steps:

· CRC insertion
· 24 bit CRC is the baseline for PDSCH
· Channel coding 

· Turbo coding based on QPP inner interleaving with trellis termination
· Physical-layer hybrid-ARQ processing

· Channel interleaving
· Scrambling

· Transport-channel specific scrambling on DL-SCH, BCH, and PCH. Common MCH scrambling for all cells involved in a specific MBSFN transmission. 

· Modulation 

· QPSK, 16QAM, and 64QAM

· Layer mapping and pre-coding

· Mapping to assigned resources and antenna ports

5.1.3
Physical downlink control channel

The downlink control signalling is located in the first n OFDM symbols where n ( 3 and consists of

· Transport format, resource allocation, and hybrid-ARQ information related to DL-SCH, and PCH  
· Resource allocation, and hybrid-ARQ information being part of the eNB response to a random access attempt 
· Uplink scheduling grant

· 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. 
Multiple physical downlink control channels are supported and a UE monitors a set of control channels.

Control channels are formed by aggregation of control channel elements, each control channel element consisting of a set of resource elements. Different code rates for the control channels are realized by aggregating different numbers of control channel elements.
QPSK modulation is used for all control channels. 
Each separate control channel has its own set of x-RNTI.
There is an implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback
5.1.4
Downlink Reference signal

The downlink reference signals for unicast consist of known reference symbols inserted in the first and third last OFDM symbol of each slot. There is one reference signal transmitted per downlink antenna port. The number of downlink antenna ports equals 1, 2, or 4. The two-dimensional reference signal sequence is generated as the symbol-by-symbol product of a two-dimensional orthogonal sequence and a two-dimensional pseudo-random sequence. There are 3 different two-dimensional orthogonal sequences and 170 different two-dimensional pseudo-random sequences. Each cell identity corresponds to a unique combination of one orthogonal sequence and one pseudo-random sequence, thus allowing for 510 unique cell identities 170 cell identity groups with 3 cell identities in each group). 

Frequency hopping can be applied to the downlink reference signals. The frequency hopping pattern has a period of one frame (10 ms). Each frequency hopping pattern corresponds to one cell identity group.
The downlink reference signals for MBSFN consist of known reference symbols inserted every other sub-carreirs in the 3rd, 7th and 11th OFDM symbol of sub-frame.





5.1.5
Downlink multi-antenna transmission
Multi-antenna transmission with 2 and 4 transmit antennas is supported The maximum number of code word is two irrespective to the number of antennas with fixed mapping between codewords to layers.
Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency (-code) resource, also referred to as Single-User MIMO (SU-MIMO) is supported. When a MIMO channel is solely assigned to a single UE, it is known as SU-MIMO. Spatial division multiplexing of  modulation symbol streams to different UEs using the same time-frequency resource, also referred to as MU-MIMO, is  also supported. There is semi-static switching between SU-MIMO and MU-MIMO per UE.

In addition, the following techniques are supported

· Code-book-based Pre-coding with a single pre-coding feedback per full system bandwidth when the system bandwidth (or subset of resource blocks) is smaller or equal to12RB and per 5 adjacent resource blocks or the full system bandwidth (or subset of resource blocks) when the system bandwidth is larger than 12RB
· Rank adaptation with single rank feedback referring to full system bandwidth. Node B can override rank report.

5.1.6
MBSFN transmission
MBSFN is supported for the MCH transport channel. Multiplexing of transport channels using MBSFN and non-MBSFN transmission is done on a per-sub-frame basis. Additional reference symbols, transmitted using MBSFN are transmitted within MBSFN subframes.


5.1.7
Physical layer procedure 

· 
5.1.7.1
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.
5.1.7.2
Power control

Downlink power control can be used 
5.1.7.3
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 corresponding to 72 sub-carriers and upwards. 

E-UTRA cell search is based on following signals transmitted in the downlink: the primary and secondary synchronization signals, the downlink reference signals.
· From the primary synchronization signal, the UE can acquire, at least, timing on a 5 ms basis.

· From the secondary synchronization signal, the UE can acquire, at least, frame timing and physical-layer cell- identity group
· From the reference signals, the UE can acquire at least the physical-layer cell identity within the physical-layer cell group

· After the physical-layer cell identity and frame timing has been found, the UE can read system information on the [primary] BCH.

The primary and secondary synchronization signals are transmitted over the centre 72 sub-carriers in the first and sixth subframe of each frame. 
Neighbor-cell search is based on the same downlink signals as initial cell search.


5.1.8
Physical layer measurements definition 
The following classification to delineate measurement requirements to support mobility:

· within LTE (intra-frequency, inter-frequency)

· between LTE and GSM/WCDMA (inter-system) 

At least two basic types of mobility measurement definitions shall be supported: 

· Reference signal received power (RSRP)

· Received signal strength indicator (RSSI)
5.2
Uplink Transmission Scheme
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: 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 = 170. 

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

· Normal cyclic prefix: TCP = 160(Ts (block  #0) , TCP = 144(Ts (block #1 to #6)

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

Correspondingly, for the alternative frame structure, the cyclic prefix length is listed in table 5.2
Table 5.2 Cyclic prefix length for alternative frame structure
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5.2.2
 Physical-layer processing
The uplink physical layer processing of transport channels consists of the following steps:

· CRC insertion

· Channel coding 

· Turbo coding based on QPP inner interleaving with trellis termination
· Physical-layer hybrid-ARQ processing

· Scrambling

· UE-specific scrambling 

· Modulation 

· QPSK, 16QAM, and 64QAM(optional in UE)
· Mapping to assigned resources [and antennas]
· 
5.2.3
Physical uplink control channel
Depending on presence or absence of uplink timing synchronization, the uplink physical control signalling can differ.
In the case of time synchronization being present, the outband control signalling consists of

· CQI

· ACK/NAK

· Scheduling request
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.
5.2.4
Uplink Reference signal

Uplink reference signals [for channel estimation for coherent demodulation] are transmitted in the 4-th block of the slot [assumed normal CP]. The uplink reference signals sequence length equals the size (number of sub-carriers) of the assigned resource.
The uplink reference signals are based on [prime-length] Zadoff-chu sequences that are either truncated or cyclically extended to the desired length
Multiple reference signals can be created
· .Based on different Zadoff-Chu sequence from the same set of Zadoff-Chu sequences

· Different shifts of the same sequence





5.2.5
Uplink multi-antenna transmission
The baseline antenna configuration for uplink MIMO is MU-MIMO. To allow for MU-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.
Closed loop type adaptive antenna selection transmit diversity shall be supported 


5.2.6
Physical channel procedure


· 
5.2.6.1
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
5.2.6.2
Uplink Power control
Intra-cell power control
· The power spectral density of the uplink transmissions can be influenced by the eNB 
5.2.6.3
Uplink timing control
The timing advance is a signal derived from the time synchronisation of the UL sequence and sent by the eNB to the UE which the UE uses to advance its timings of transmissions to the eNB so as to compensate for propagation delay and thus time align the transmissions from different UEs with the receiver window of the eNB. 
The timing update rate is on a per need base with a granularity in the step size of 0.52 (s (16(Ts)


5.3
Transport Channels

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services are described by how and with what characteristics data are transferred over the radio interface. An adequate term for this is “Transport Channel”.

NOTE:
This should be clearly separated from the classification of what is transported, which relates to the concept of logical channels at MAC sublayer.

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
fixed, pre-defined transport format;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:
-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;

-
support for MBMS transmission (FFS).

NOTE:
the possibility to use slow power control depends on the physical layer.
3.
Paging Channel (PCH) characterised by:
-
support for UE discontinuous reception (DRX) to enable UE power saving (DRX cycle is indicated by the network to the UE);

-
requirement to be broadcast in the entire coverage area of the cell;

-
mapped to physical resources which can be used dynamically also for traffic/other control channels.

4.
Multicast Channel (MCH) characterised by:
-
requirement to be broadcast in the entire coverage area of the cell;

-
support for SFN combining of MBMS transmission on multiple cells;

-
support for semi-static resource allocation e.g. with a time frame of a long cyclic prefix.

Uplink transport channel types are:

1.
Uplink Shared Channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for both dynamic and semi-static resource allocation.
NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.
It is FFS, whether a RACH is included. If yes, it would be characterised by the following attributes:

2.
Random Access Channel(s) (RACH) characterised by:

-
limited control information;

-
collision risk;

NOTE:
the possibility to use open loop power control depends on the physical layer solution.
5.3.1
Mapping between transport channels and physical channels
The figure below depicts the mapping between transport and physical channels (in grey the items for FFS):
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Figure 5.3.1: Mapping between transport channels and physical channels

5.4
E-UTRA physical layer model

The E-UTRA physical-layer model captures those characteristics of the E-UTRA physical-layer that are relevant from the point-of-view of higher layers. More specifically, the physical-layer model captures:

-
The structure of higher-layer data being passed down to or up from the physical layer;

-
The means by which higher layers can configure the physical layer;

-
The different indications (error indications, channel-quality indications, etc.) that are provided by the physical layer to higher layers;

-
Other (non-transport-channel-based) higher-layer peer-to-peer signalling supported by the physical layer.

5.4.1
Physical-layer model of E-UTRA transport channels

5.4.1.1
Downlink-Shared Channel

The DL-SCH physical-layer model is described based on the corresponding DL-SCH physical-layer-processing chain, see Figure 5.4.1.1. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue on the figure.
-
Higher-layer data passed to/from the physical layer
-
N (at least up to two) transport blocks of dynamic size delivered to the physical layer once every TTI.

-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.

-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;

-
Physical layer model support of HARQ: in case of Incremental Redundancy, the corresponding Layer 2 Hybrid-ARQ process controls what redundancy version is to be used for the physical layer transmission for each TTI.

-
Interleaving
-
No control of interleaving by higher layers.

-
Data modulation
-
Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64 QAM).

-
Mapping to resource blocks
-
L2-controlled resource assignment.

-
Physical-layer processing Step 6: Multi-antenna processing
-
MAC Scheduler partly configures mapping from assigned resource blocks (for each stream) to the available number of antenna ports.
-
Support for Hybrid-ARQ-related signalling

The model of Figure 5.4.1.1 also captures:

-
Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the DL-SCH, to the peer HARQ process at the receiver side;

-
Transport via physical layer of corresponding HARQ acknowledgements to DL-SCH transmitter side.

NOTE:
The signalling of transport-format and resource-allocation is not captured in the physical-layer model. At the transmitter side, this information can be directly derived from the configuration of the physical layer. The physical layer then transports this information over the radio interface to its peer physical layer, presumably multiplexed in one way or another with the HARQ-related information. On the receiver side, this information is, in contrast to the HARQ-related information, used directly within the physical layer for DL-SCH demodulation, decoding etc., without passing through higher layers. 
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Figure 5.4.1.1: DL-SCH physical-layer model

5.4.1.2
Broadcast Channel
The BCH transport channel is characterized by a fixed pre-defined transport format. The BCH physical-layer model is described based on the corresponding BCH physical-layer-processing chain, see Figure 5.4.1.2:

-
Higher-layer data passed to/from the physical layer
-
A single (fixed-size) transport block per TTI.

-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.

-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;

-
No BCH Hybrid ARQ, i.e. no higher-layer control of redundancy version.

-
Interleaving
-
No control of interleaving by higher layers.

-
Data modulation
-
Fixed modulation scheme (QPSK), i.e. not higher-layer control.

-
Mapping to resource blocks
-
Fixed pre-determined transport format and resource allocation, i.e. no higher-layer control.
-
Physical-layer processing Step 6: Multi-antenna processing

· Fixed pre-determined processing, i.e. no higher-layer control.
-
Support for Hybrid-ARQ-related signalling
-
No Hybrid ARQ.
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Figure 5.4.1.2: BCH physical-layer model

5.4.1.3
Paging Channel

The PCH physical-layer model is described based on the corresponding PCH physical-layer-processing chain, see Figure 5.4.1.3. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue on the figure. 

-
Higher-layer data passed to/from the physical layer
-
A single transport block per TTI.

-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.

-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;

-
No PCH Hybrid ARQ, i.e. no higher-layer control of redundancy version.

-
Interleaving
-
No control of interleaving by higher layers.

-
Data modulation
-
Modulation scheme is decided by MAC Scheduler.

-
Mapping to resource blocks
-
L2 controlled resource assignment;
-
Possible support of dynamic transport format and resource allocation.
-
Physical-layer processing Step 6: Multi-antenna processing

-
MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.
-
Support for Hybrid-ARQ-related signalling

No Hybrid ARQ.

[image: image20.emf]CRC 

Resource mapping

Coding + RM

Data modulation

Interleaving

MAC 

scheduler

Single Transport blocks

(dynamic size S)

Node B

Resource/power

assignment

Modulation

scheme

Antenna

mapping

Antenna mapping

CRC 

Resource demapping

Decoding + RM

Data demodulation

Deinterleaving

UE

Antenna demapping

Error

indication

CRC 

Resource mapping

Coding + RM

Data modulation

Interleaving

MAC 

scheduler

Single Transport blocks

(dynamic size S)

Node B

Resource/power

assignment

Modulation

scheme

Antenna

mapping

Antenna mapping

CRC 

Resource demapping

Decoding + RM

Data demodulation

Deinterleaving

UE

Antenna demapping

Error

indication


Figure 5.4.1.3: PCH physical-layer model

5.4.1.4
Multicast Channel

The MCH is characterized by the support for multi-cell reception at the UE (a.k.a. “SFN” transmission). This implies that only semi-static configuration of the MCH transport format and resource assignment is possible. The MCH physical-layer model is described based on the corresponding PCH physical-layer-processing chain, see Figure 5.4.1.4. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue.
-
Higher-layer data passed to/from the physical layer
-
N (at least up to 2) transport blocks delivered to physical layer once every TTI.
-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.
-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;
-
No MCH Hybrid ARQ, i.e. no higher-layer control of redundancy version.
-
Interleaving
-
No control of interleaving by higher layers.
-
Data modulation
-
Modulation scheme is decided by MAC Scheduler.
-
Mapping to resource blocks
-
L2 controlled semi–static resource assignment.
-
Physical-layer processing Step 6: Multi-antenna processing
-
MAC Scheduler partly configures mapping from assigned resource blocks (for each stream) to the available number of antenna ports.
-
Support for Hybrid-ARQ-related signalling
-
No Hybrid ARQ.
[image: image21.emf]CRC 

RB mapping

Coding + RM

Data modulation

Interl. 

CRC 

Resource mapping

Coding + RM

Data modulation

Interleaving

MAC 

scheduler

N Transport blocks

(dynamic size S

1

..., S

N

)

Node B

Resource/power

assignment

Modulation

scheme

Antenna

mapping

Antenna mapping

CRC 

RB mapping

Coding + RM

Data modulation

Interl. 

CRC 

Resource demapping

Decoding + RM

Data demodulation

Deinterleaving

UE

Antenna demapping

Error

indications

Semi-static

configuration

CRC 

RB mapping

Coding + RM

Data modulation

Interl. 

CRC 

Resource mapping

Coding + RM

Data modulation

Interleaving

MAC 

scheduler

N Transport blocks

(dynamic size S

1

..., S

N

)

Node B

Resource/power

assignment

Modulation

scheme

Antenna

mapping

Antenna mapping

CRC 

RB mapping

Coding + RM

Data modulation

Interl. 

CRC 

Resource demapping

Decoding + RM

Data demodulation

Deinterleaving

UE

Antenna demapping

Error

indications

Semi-static

configuration


Figure 5.4.1.4: MCH physical-layer model

5.4.1.5
Uplink Shared Channel

The UL-SCH physical-layer model is described based on the corresponding PCH physical-layer-processing chain, see Figure 5.4.1.5. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue. It should be noted that, in case UL-SCH, the scheduling decision is at least partly made at the network side. The uplink transmission control in the UE then configures the uplink physical-layer processing, based on uplink transport-format and resource-assignment information received on the downlink. 

-
Higher-layer data passed to/from the physical layer
-
N (N may be limited to one) transport blocks of dynamic size delivered to the physical layer once every TTI.
-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.
-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;
-
Physical layer model support of HARQ: in case of Incremental Redundancy, the corresponding Layer 2 Hybrid-ARQ process controls what redundancy version is to be used for the physical layer transmission for each TTI.
-
Interleaving
-
No control of interleaving by higher layers.
-
Data modulation
-
Modulation scheme is decided by MAC Scheduler (at least QPSK and 16QAM).
-
Mapping to resource blocks
-
L2-controlled resource assignment.
-
Physical-layer processing Step 6: Multi-antenna processing
-
MAC Scheduler partly configures mapping from assigned resource blocks (for each stream) to the available number of antenna ports.
-
Support for Hybrid-ARQ-related signalling

The model of Figure 5.4.1.5 also captures 

-
Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the UL-SCH, to the peer HARQ process at the receiver side;
-
Transport via physical layer of corresponding HARQ acknowledgements to UL-SCH transmitter side.
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Figure 5.4.1.5: UL-SCH physical-layer model

5.4.1.6
Random-access Channel 

5.4.2
Physical-layer indications

In addition to decoded transport blocks, the physical layer also provides higher layers with different indicators. The indicators delivered to higher layers may originate in the corresponding physical layer on in the physical layer of the peer entity (transported over the air by means of L1 signalling). 

5.4.2.1
Error indicators

The error indicators (see Figures 5.4.1.1-5.4.1.5) are one type of indicators. An error indicator indicates whether or not the physical layer has correctly decoded a received transport block

5.4.2.2
Channel-quality indicators 

Channel-quality indicators (CQI) indicate the downlink and uplink channel quality. The channel-quality indicators are delivered by the eNB physical layer to the eNB MAC layer. Exactly how the channel-quality indicators are generated within the physical layer is a physical-layer-internal issue and may e.g. depend on the duplex scheme (FDD or TDD). 
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