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pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found 
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in 
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Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee 
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web 
server) which are, or may be, or may become, essential to the present document. 

Trademarks 

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. 
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no 
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does 
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks. 

Legal Notice 
This Technical Specification (TS) has been produced by ETSI 3rd Generation Partnership Project (3GPP). 

The present document may refer to technical specifications or reports using their 3GPP identities. These shall be 
interpreted as being references to the corresponding ETSI deliverables. 

The cross reference between 3GPP and ETSI identities can be found under http://webapp.etsi.org/key/queryform.asp. 

Modal verbs terminology 
In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and 
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of 
provisions). 

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation. 
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Foreword 
This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP). 

The contents of the present document are subject to continuing work within the TSG and may change following formal 
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an 
identifying change of release date and an increase in version number as follows: 

Version x.y.z 

where: 

x the first digit: 

1 presented to TSG for information; 

2 presented to TSG for approval; 

3 or greater indicates TSG approved document under change control. 

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, 
updates, etc. 

z the third digit is incremented when editorial only changes have been incorporated in the document. 
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1 Scope 
The present document is a technical specification of the services provided by the physical layer of 5G-NR to upper 
layers. 

2 References 
The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications" 

[2] 3GPP TS 38.201: "NR; Physical Layer – General Description" 

[3] 3GPP TS 38.211: "NR; Physical channels and modulation" 

[4] 3GPP TS 38.212: "NR; Multiplexing and channel coding" 

[5] 3GPP TS 38.213: "NR; Physical layer procedures for control" 

[6] 3GPP TS 38.214: "NR; Physical layer procedures for data" 

[7] 3GPP TS 38.215: "NR; Physical layer measurements" 

[8] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities" 

 

3 Definitions, symbols and abbreviations 

3.1 Definitions 
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following 
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP 
TR 21.905 [1]. 

3.2 Symbols 
For the purposes of the present document, the following symbols apply: 

3.3 Abbreviations 
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An 
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 
3GPP TR 21.905 [1]. 

For the purposes of the present document, the following abbreviations apply: 

ARQ Automatic Repeat Request 
BCH Broadcast Channel 
CA Carrier Aggregation 
CRC Cyclic Redundancy Check 
DC Dual Connectivity 
DL Downlink 
FEC Forward Error Correction 
GF Grant-Free 
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MAC Medium Access Control 
MIMO Multiple Input Multiple Output 
PBCH Physical Broadcast Channel 
PCH Paging Channel 
PDCCH Physical Downlink Control Channel 
PDSCH Physical Downlink Shared Channel 
PRACH Physical Random Access Channel 
PUCCH Physical Uplink Control Channel 
PUSCH Physical Uplink Shared Channel 
RACH Random Access Channel 
RF Radio Frequency 
RNTI Radio Network Temporary Identifier 
SCH Shared Channel 
SI System Information 
SPS Semi-Persistent Scheduling 
SRS Sounding Reference Signal 
TPC Transmit Power Control 
UL Uplink 

 

4 Services and functions of the physical layer 

4.1 General 
The physical layer offers data transport services to higher layers. 

The access to these services is through the use of transport channels via the MAC sub-layer. 

A transport block is defined as the data delivered by MAC layer to the physical layer and vice versa. 

4.2 Overview of L1 functions 
As mentioned in [2, TS 38.201], the physical layer is expected to perform the following functions to provide the data 
transport service: 

- Error detection on the transport channel and indication to higher layers; 

- FEC encoding/decoding of the transport channel; 

- Hybrid ARQ soft-combining; 

- Rate matching of the coded transport channel to physical channels; 

- Mapping of the coded transport channel onto physical channels; 

- Power weighting of physical channels; 

- Modulation and demodulation of physical channels; 

- Frequency and time synchronisation; 

- Radio characteristics measurements and indication to higher layers; 

- Multiple Input Multiple Output (MIMO) antenna processing; 

- RF processing.  

L1 functions are modelled for each transport channel in subclause 5. 
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5 Model of physical layer of the UE 
The 5G-NR physical-layer model captures those characteristics of the 5G-NR 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. 

5.1 Uplink model 

5.1.1 Uplink shared channel 

The physical-layer model for Uplink Shared Channel transmission is described based on the corresponding PUSCH 
physical-layer-processing chain, see Figure 5.1.1-1. 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. 

- Higher-layer data passed to/from the physical layer 

- CRC and transport-block-error indication 

- FEC and rate matching 

- Data modulation 

- Mapping to physical resource 

- Multi-antenna processing 

- Support of L1 control and Hybrid-ARQ-related signalling 
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Figure 5.1.1-1: Physical-layer model for UL-SCH transmission 
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5.1.2 Random access channel 

The physical-layer model for RACH transmission is characterized by a PRACH preamble format that consists of a 
cyclic prefix, a preamble, and a guard time during which nothing is transmitted.  

5.2 Downlink model 

5.2.1 Downlink shared channel 

The physical-layer model for Downlink Shared Channel transmission is described based on the corresponding PDSCH 
physical-layer-processing chain, see Figure 5.2.1-1. 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. 

- Higher-layer data passed to/from the physical layer; 

- CRC and transport-block-error indication; 

- FEC and rate matching; 

- Data modulation; 

- Mapping to physical resource; 

- Multi-antenna processing; 

- Support of L1 control and Hybrid-ARQ-related signalling. 

 

Figure 5.2.1-1: Physical-layer model for DL-SCH transmission 

 

5.2.2 Broadcast channel 

The physical-layer model for BCH transmission is characterized by a fixed pre-defined transport format. There is one 
transport block for the BCH every 80ms. The BCH physical-layer model is described based on the corresponding 
PBCH physical-layer-processing chain, see Figure 5.2.2-1: 
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