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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.

1
Scope

This document is related to the technical report for physical layer aspect of the study item “Study on New Radio Access Technology” [1]. The purpose of this TR is to help TSG RAN WG1 to define and describe the potential physical layer evolution under consideration and compare the benefits of each evolution techniques, along with the complexity evaluation of each technique.
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather all information in order to compare the solutions and gains vs. complexity, and draw a conclusion on way forward.

This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References

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

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP RP-160671, “New SID Proposal: Study on New Radio Access Technology”
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

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].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format (EW)

<symbol>
<Explanation>

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].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on " New SID Proposal: Study on New Radio Access Technology " was approved [1]. The study item covers technology components to be considered for new radio access technologies, e.g. to fulfil the requirements on IMT-2020. This technical report covers the physical-layer aspects of these technology components.
5
General description of layer 1
5.1
Duplexing
6
DL concepts

Editor’s notes: FDD and TDD, and licensed and unlicensed bands will be considered. If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
6.1
Basic transmission scheme
The downlink transmission scheme is based on OFDM. 

Multiple numerologies are supported, derived by scaling a basic subcarrier spacing by an integer N. The numerology used can be selected independently of the frequency band although it is assumed not to use a very low subcarrier spacing at very high carrier frequencies. The largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported.
6.1.1
Modulation scheme

6.1.2
Waveform

6.1.3
Multiple access scheme
6.1.4
Channel coding

6.2
Physical layer procedure
6.3
Physical layer measurements
7
Evaluation of DL techniques
7.1
Performance evaluation
7.1.1
Performance evaluation of waveform
Four evaluation cases for the downlink and uplink are used in link level simulation depending on evaluation purposes of each usage scenario, which are 

· Case 1a, 1b: single numerology case

· 1a: Downlink 

· 1b: Uplink, only one UE with narrow bandwidth is located at the edge of wide frequency band. It is assumed that no wide-band filter upon the whole frequency band. 

· Case 2: DL mixed numerology case 

· Case 3: UL single numerology case (asynchronous reception between UEs)

· Case 4: UL mixed numerology case (synchronous reception between UEs)

For each waveform, the RF nonlinearity is considered in the evaluation.
 General evaluation assumptions are provided in Annex. A.1. In order to assess the candidate techniques, the following performance metrics are considered.

· User spectrum efficiency as performance metric
· Take into account guard band and time domain overhead. The values and their calculation method of guard band and time domain overhead should be reported.
· BLER vs SNR should be reported for calibration

· OOBE level is reported (Similar to ACLR but applied to adjacent sub-band/UE instead of carrier)

· EVM (FFS: clear definition)

· PAPR/Cubic metric

· UE Complexity (FFS: how to quantify) 

· The following is also reported

· Receiver waveform design

· Rx processing delay (FFS:  definition)

· Power spectral density

UE spectrum efficiency is defined as follows.
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where ( denotes the number of correctly received information bits by target user, T is the transmission time of the target user.For Case 1a, ( =BWcarrier is the whole bandwidth including system guard band. For Case 1b, 2, 3, and 4,  ( is the data bandwidth plus guard tone of the target UE. General evaluation assumptions are provided in Annex. A.1

7.1.2
Performance evaluation of multiple access
Evaluation for multiple access schemes consider the following usage scenario families defined in [TR38.913]. 
· eMBB: dense urban, urban macro, rural, indoor

· mMTC: urban coverage for massive connection
· URLLC: FFS

Link-level simulation and system-level simulation are used for multiple access evaluation. Link level simulation is used for feasibility investigation of new multiple access proposals, comparison of different proposals in typical scenarios. System level simulation is used for comparison of proposals, and verification with traffic/scheduling/multi-cell interference dynamics. Note that link level simulation includes link level simulation with optional analytical model. For link level simulation, the following evaluation metrics are considered.

· BLER vs SNR reported for UL and DL calibration 

· BS and UE receiver complexity reported

· Sum rate region
· Optional metrics:
· Sum normalized user throughput (normalized by throughput in orthogonal case); Sum throughput with minimum throughput constraint for some users
For system level simulation, the following are used as evaluation metrics

· eMBB: TRP spectrum efficiency and 5th percentile user spectrum efficiency; user experienced data rate and area traffic capacity; signaling overhead

· mMTC: Connection density with “connection efficiency” reported; latency for infrequent small packets; signaling overhead

· URLLC: Reliability for a target latency

 General evaluation assumptions are provided in Annex. A.1.

7.1.3
Performance evaluation of channel coding
Evaluations for channel coding candidates with similar code rates and block sizes.are conducted for each usage case of eMBB, mMTC and URLLC. General evaluation assumptions are provided in Annex. A.1.
7.2
Analysis of UE complexity

7.3
Analysis of Node B impacts

8
UL concepts

Editor’s notes: FDD and TDD, and licensed and unlicensed bands will be considered. If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
8.1
Basic transmission scheme 

8.1.1
Modulation scheme
8.1.2
Waveform

8.1.3
Multiple access scheme
Uplink transmissions are scheduled as a baseline. 
8.1.4
Channel coding

8.2
Physical layer procedure
8.3
Physical layer measurements
9
Evaluation of UL techniques
9.1
Performance evaluation
9.1.1
Performance evaluation of waveform
Evaluation cases, i.e., Case 3 and 4, and performance metrics for the uplink are described in Section 7.1.1. General evaluation assumptions are provided in Annex. A.1.
9.1.2
Performance evaluation of multiple access
Evaluation cases and performance metrics for the uplink are followed by those for the downlink described in Section 7.1.2. For link level simulation, the following evaluation metrics are considered.

· BLER vs SNR reported for UL and DL calibration 
· BS and UE receiver complexity reported

· Sum throughput v.s. SNR at given BLER level under different overloading factor.
· Overload factor is defined as

· For spreading case:  number of data layers (users) / spreading length (number of REs)

· For non-spreading case: number of data layers (users) on each RE

· Link budget (MCL with specific data rate)
· Other metrics FFS (e.g., Maximum overloading factor v.s. SNR at given user throughput)
For system level simulation, the same evaluation metrics described in Section 9.1.2 are applicable. General evaluation assumptions are provided in Annex. A.1. 
9.1.3
Performance evaluation of channel coding

9.2
Analysis of UE complexity

9.3
Analysis of Node B impacts

10
SL concepts
Editor’s notes: FDD and TDD, and licensed and unlicensed bands will be considered. If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
10.1
Basic transmission scheme
10.2
Physical layer procedure
10.3
Physical layer measurements
11
Evaluation of SL techniques
11.1
Performance evaluation

11.2
Analysis of UE complexity

11.3
Analysis of Node B impacts

12
Evaluation common for UL/DL

13
UE capability

Annex A: simulation scenarios and assumptions
A.1
Link level simulation assumptions

A.1.1
Simulation assumption for evaluation of waveform
This section describes the link level simulation assumptions used for evaluating waveform candidates. The general link level simulation assumptions for case 1a/1b are provided in Tables A.1.1-1.
Table A.1.1-1: Parameters for case 1a/1b and case 2

A.1.2
Simulation assumption for evaluation of multiple access

This section describes the link level simulation assumptions used for evaluating multiple access candidates. The general link level simulation assumptions for the uplink and downlink are provided in Tables A.1.2-1 and A1.2-2, respectively.
Table A.1.2-1: Simulation assumptions for UL multiple access scheme
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM /SC-FDMA 
Other waveform is not precluded 

	Channel coding
	LTE Turbo as start point, other coding schemes are not precluded.

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	Companies need to report this value.

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead 

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 

	BS antenna configuration 
	2/4 Rx as baseline 
8Rx optional 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed. 

	Suggested SNR distribution of multiple UEs 
	Equal average SNR (short-term variation remains) 
Unequal average SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption) 

	Propagation channel & UE velocity NOTE2
	TDL for in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1, 4 

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission as starting point, other numbers not precluded, e.g.,

0.01 for 1 transmission 

	Overloading factor

(Optional, definition refers to R1-163881)
	Some example values:

100%, 150%, 200%, 300% 


Table A.1.2-2: Simulation assumptions for DL multiple access scheme
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM 
Other waveform is not precluded 

	Channel coding
	LTE Turbo as starting point, other coding schemes are not precluded.

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	Companies need to report this value. 

	Overhead 
	2 PDCCH symbols, 2 CRS ports for TM2 , i.e., 132 REs per RB for data transmission, or equivalent overhead 

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 

	BS antenna configuration 
	2/4 Tx as baseline 
8Tx optional 

	UE antenna configuration
	2 Rx 

	Transmission mode 
	TM2 as starting point (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Fixed gap {0, 5, 10, 15, 20} dB between UEs 

	Number of UEs
	2 UEs as start point 

	SNR of the reference UE 
	0dB

(The SNR of the other UE would be 0, 5, 10, 15, or 20dB)

	Power allocation between UEs 
	Dynamic 

	Propagation channel & UE velocity NOTE2
	CDL in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1, 4 

	Given BLER level (to calculate sum rate region) 
	0.1 for 1 transmission as starting point 


A.1.3
Simulation assumption for evaluation of channel coding

This section describes the link level simulation assumptions used for evaluating channel coding candidates. The general link level simulation assumptions for eMBB, mMTC, and URLLC are provided in Tables A.1.3-1 and A.1.3-2 to evaluate the BLER performance versus SNR.
Table A.1.3-1: Simulation assumptions for eMBB
	Parameters
	Values or assumptions

	Channel*

	AWGN

	Modulation
	QPSK, 64QAM

	Coding Scheme
	  Turbo
	LDPC
	Polar

	Code rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm**

	Max-log-MAP
	min-sum
	List-X

	Info. block length***
 (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000, 8000 
Optional(12K, 16K, 32K, 64K)


Table A.1.3-1: Simulation assumptions for URLLC and mMTC
	Parameters
	Values or assumptions

	Channel*

	AWGN

	Modulation 
	QPSK, 16 QAM

	Coding Scheme
	Convolutional codes
	LDPC
	Polar
	Turbo

	Code rate 
	 1/12, 1/6, 1/3

	Decoding algorithm
**
	List-X Viterbi
	min-sum
	List-Y 
	Max-log-MAP

	Info. block length***
 (bits w/o CRC)
	20, 40, 200, 600, 1000


A.2
System level simulation assumptions
A.2.1
General assumption
This section describes the reference deployment scenarios for the different system evaluations. The general system evaluation assumptions for Indoor hotspot, Dense urban, Rural, Urban macro, and High-speed train are provided in Tables A.2.1-1 and A2.1-2. The BS and UE antenna configurations are also provided in A.2.1-3 and A2.1-6.
Table A.2.1-1: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer

Indoor floor: (12BSs per 120m x 50m)
	Single layer:

Macro layer: Hex. Grid

Two layer

Macro layer: Hex. Grid

Micro layer: Random drop (All micro BSs are all outdoor)

· 3 micro BSs per macro BS
· 6, or 9 micro BSs per macro BS (optional)
	Single layer

Macro layer: Hex. Grid


	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 1732m and 5km for 700 MHz
	500m

	Carrier frequency 
	4GHz, 30GH, and 70 GHz 
	Macro layer: 4 GHz
Micro layer: 30GHz and 4 GHz
	4GHz and 700 MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	Around 4GHz: Up to 200MHz (DL+UL)
Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL) 
	Around 4GHz: Up to 200MHz (DL+UL) 
Around 30GHz: Up to1GHz (DL+UL)
	Around 700MHz: Up to 20MHz(DL+UL)
Around 4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	Around 4GHz: Up to 200 MHz (DL+UL)
Around 30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6 GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)

Above 6 GHz: 5GCM UMa (Macro layer) and 5GCM UMi (Micro layer)

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	[3D UMa or 3D UMa + ITU Rural or ITU Rural]
	Below 6 GHz: 3D UMa
6 GHz: 5GCM UMa

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	Below 6GHz: 24dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Above 6GHz: 23 dBm [scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm]
	Below 6GHz (Macro layer): 44 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz (Micro layer): 35 dBm [scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 35dBm]
	49dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm


	Below 6GHz: 49dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

Above 6GHz: 43dBm [scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm]


	UE Tx power 
	Below 6GHz: 23dBm

30GHz: 23dBm
70GHz: [22dBm]

	BS antenna configurations
	See Table A.2.1-3.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-3

	BS receiver noise figure
	Below 6GHz: 5 dB

Above 6GHz: 7 dB

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: [10] dB

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	50% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 : Uniform/macro TRP (10 users per TRP for full buffer traffic)

Step2 : Uniform/macro TRP + Clustered/micro TRP (10 users per TRP for full buffer traffic)

80% indoor (3km/h), 20% outdoor (30km/h)
(In the case of full buffer, 10 users per TRP is the baseline . 20 users per TRP is not precluded.)
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)

10 users per TRP for full buffer traffic

User distribution: Uniform
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP for full buffer traffic

(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


Table A.2.1-2: System level evaluation assumptions for High-speed train…

	Parameters
	High Speed Train
	
	
	

	Layout
	Option 1: Macro only ([straightline eNB placement])
Option 2: Macro + relay nodes ([straightline eNB placement])

Note: The key characteristics of high speed train scenario are consistent user experience with very high mobility.
	· 
	
	

	Inter-BS distance 
	1732m
	
	
	

	Carrier frequency 
	4 GHz for macro only, 4GHz and 30GHz for BS to relay
	
	
	

	Aggregated system 
bandwidth
	Around 4GHz: Up to 200 MHz (DL+UL)
Around 30GHz or around 70GHz: Up to 1GHz (DL+UL)
	
	
	

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	[ 3D UMa + ITU Rural or ITU Rural or ITU high speed train model or RAN4 high speed train model ]
Note: When 5GCM is found to be applicable, 5GCM should be used.
	
	
	

	BS Tx power 
	BS:
Below 6GHz: 49dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm

Relay：
  Below 6GHz: FFS
  Above 6GHz: FFS
	
	
	

	UE Tx power 
	Below 6GHz: 23dBm

Above 6GHz: 23dBm


	BS antenna configurations
	See Table A.2.1-3.

	BS antenna height 
	35 m
	
	
	

	BS antenna element gain + connector loss
	Below 6GHz: 8 dBi
[Above 6GHz: 6 dBi]
	
	
	

	BS receiver noise figure
	Below 6GHz: 5 dB

Above 6GHz: 7 dB

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: [10] dB

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	50% (other value is not precluded)
	
	
	

	UE distribution
	100% of users in train
[100] UEs per macro cell (assuming 1000 passengers per high-speed train and at least 10% activity ratio)
Maximum mobility speed: 500km/h
Note: Physical mobility of UE is to be modeled for option 1, and physical mobility of relay node is to be modelled for option 2
	
	
	

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


Table A.2.1-3: Antenna configurations for below and above 6GHz
	
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz, 70GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897. Other mappings are FFS

	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 

4GHz: Up to 256 Tx /Rx antenna elements 

Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
70GHz: Up to 1024 Tx /Rx antenna elements

	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 

4GHz: Up to 8 Tx /Rx antenna elements 

Note: Same as TR38.913
	30GHz: Up to 32 Tx /Rx antenna elements 

70GHz: Up to 32 Tx /Rx antenna elements

Note: Same as TR38.913

	BS (M,N,P,Mg,Ng)
	Mg=1,Ng=1

Other configurations are FFS
	FFS

	BS (dH,dV,dH,g,dV,g)
	(0.5,0.8, FFS, FFS)

Other value dv is FFS
	(0.5,FFS, FFS, FFS)

	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P =2, dH=0.5

M, N is FFS
	FFS

	BS antenna element gain pattern
	According to TR36.873
	See Table A.2.1-4 and Table A.2.1-5

	UE antenna element gain pattern
	Omnidirectional
	See Table A.2.1-6

	Number TXRUs
	FFS
	FFS


Table A.2.1-4: 3-Sector BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


Table A.2.1-5: Indoor BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Antenna element radiation pattern
	FFS

	Maximum directional gain of an antenna element
	FFS dBi


Table A.2.1-6: UE antenna radiation pattern model 1
	Parameter
	Values

	Antenna element radiation pattern in [image: image7.png]8"



 dim (dB)
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	Antenna element radiation pattern in [image: image10.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi
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Annex B: Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	
	
	
	
	
	
	
	


�The detailed modeling of RF nonlinearity will be added after RAN1 receive LS reply from RAN4.


�This will be moved to Section 7.2 when details are clarified


�Other scenarios (e.g., eV2X) are not precluded


�This will be moved to Section 7.2 and 7.3 when details are clarified


�[Editor's note] Agreed link level assumptions are provided. System level evaluation assumptions will also be added when agreed.


�This will be moved to Section 9.2 and 9.3 when details are clarified


�[Editor's note] Once the evaluation assumptions are agreed, new table will be added.


�[Editor's note] Fading channels will be simulated in the next stage


�[Editor's note] These algorithms are starting points for further study. Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 


�[Editor's note] At least these info. block length and code rate shall be evaluated. Other info. block lengths and code rates are not precluded. Similar info. and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis.


�[Editor's note] Fading channels will be simulated in the next stage


�[Editor's note] These algorithms are starting points for further study. Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated)


�At least these info. block length and code rate shall be evaluated. Other info. block lengths and code rates are not precluded. Similar info and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis.


�Assumptions for other scenarios would be added when agreed.





_1524055322.unknown

_1524482204.unknown

_1524055135.unknown

_1524055244.unknown

_1524055072.unknown

_1524053602.unknown

_1524054025.unknown

