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1. Introduction

At the RAN#72, study on new radio (NR) access technology has been approved [1]. This document provides the progress made in the RAN1#84bis meeting and work plans for future study. 
2. Progress in Previous Meetings
· RAN1#84bis (April 2016)

The agreements and conclusions are summarized below.
	Overview

	Agreements:
· Largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported

· Waveform is based on OFDM 

· Multiple numerologies are supported

· Additional functionality on top of OFDM such as DFT-S-OFDM, and/or variants of DFT-S-OFDM, and/or filtering/windowing, and/or OTFS is further considered

· Complementary non-OFDM based waveform is not precluded for some specific usecases (e.g., mMTC use case)

· Study frame structure(s) supporting at least 

· FDD duplex arrangement

· TDD duplex arrangement

· Downlink transmission

· Uplink transmission

· Sidelink transmission

· Access link

· Backhaul/relay link

· Stand alone operation in licensed band

· Non stand alone operation in licensed band

· Licensed-assisted operation in unlicensed band

· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval

· Study enhanced massive MIMO analog/digital/hybrid beam-forming 

· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

· Study flexible duplex



	Forward compatibility 

	Agreements:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

	Evaluation assumption

	Agreements:
Agreed R1-163861 including all proposals in R1-163884 with following change 
- For carrier frequency for dense urban,

Proposal: Macro layer: Around 4 GHz

Proposal: Micro layer: Around 30GHz, 4 GHz

Note that RAN1 will continue simulation assumptions

Note that antenna modeling and parameters will be updated
- Delete BS antenna tilting value line 
- Delete brackets BS antenna element gain + connector loss for below 6 GHz
- For traffic model, “Consider 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.”
- For traffic load (Resource utilization), “50% (other value is not precluded)”

- 9 dB UE noise figure below 6 GHz
- Delete [TBD for TDD] in Tx power
Agreements:
· Each company can decide BS antenna tilting value and each company is requested to provide the used BS antenna tilting value (if applied) in a contribution
· Each company can decide aggregated system BW, until aggregated system BW will be decided, and each company is requested to provide the aggregated system BW in a contribution
Agreements:
· Link-level simulation (LLS) and system-level simulation (SLS) are used for multiple access evaluation. 

· LLS* is used for feasibility investigation of new MA proposals, comparison of different proposals in typical scenarios

· SLS is used for comparison of proposals, and verification with traffic/scheduling/multi-cell interference dynamics

* LLS includes LLS with optional analytical model.  
Agreements:
Agreed pages 4, 5, 6, 7 in R1-163560

Conclusion:

· Preliminary LLS evaluation results are encouraged to be provided for RAN1#85

Agreements:
Evaluation parameters – LLS for UL

Parameters
Values or assumptions
Carrier Frequency
2 GHz
Waveform 
OFDM /SC-FDMA

Other waveform is not precluded
Numerology
Same as Release 13
System Bandwidth
10 MHz
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.
Propagation channel & UE velocity
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
NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.

Evaluation parameters – LLS for DL
Parameters
Values or assumptions
Carrier Frequency
2 GHz
Waveform 
OFDM 

Other waveform is not precluded
Numerology
Same as Release 13
System Bandwidth
10 MHz
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
Power allocation between UEs
Dynamic
Propagation channel & UE velocity
CDL in TR38.900 as mandatory

EPA, EVA, ETU as optional

3km/h, 30km/h, 120km/h
Max number of HARQ transmission
1, 4
NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.

Agreements:
Coding Candidates

· Identified channel coding schemes for each usage scenario

eMBB
mMTC
URLLC
Convolutional codes
Convolutional codes
LDPC
LDPC 
LDPC
Polar 
Polar
Polar
Turbo
Turbo
Turbo 
· Common simulation assumptions are required to evaluate theoretical performance of proposed coding schemes

· Selection of the coding scheme should also consider various other aspects

Initial Simulation Assumptions

· Focus mainly on the BLER performance of candidate coding schemes.

·  Evaluate performance of coding schemes with similar code rates and block sizes. 

·  Exact code constructions should be provided. 

· Example: Parity check matrices, polar code construction, ..

·  Encoding/decoding complexity of the adopted algorithms should be described.

Agreements:
Simulation assumptions : eMBB
· Evaluate the block error rate (BLER) performance versus SNR

Channel*
AWGN
Modulation
QPSK, 64 QAM
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)
* Fading channels will be simulated in the next stage

** 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.

· General guidelines

1. Existing code constructions can be used for evaluation

2. Whenever feasible, performance comparison should adopt coding constructions with matching computational complexities

Simulation assumptions : URLLC and mMTC
· Evaluate BLER performance versus SNR

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
* Fading channels will be simulated in the next stage

** 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.

· General guidelines

1. Existing code constructions can be used for evaluation

2. Whenever feasible, performance comparison should adopt coding constructions with matching computational complexities

3. BLER simulations down to 10-4 is recommended (to observe the error floor) for URLLC
Agreements:
Agreed in R1-163885 with following updates

- In page 5,

6-sector TRP antenna model is not precluded
TRP antenna model for high speed train is not precluded

- In page 4,

For number of TRP antenna elements, over-6GHz (30GHz, 70GHz)
30GHz: Up to 256 Tx /Rx antenna elements 

70GHz: Up to 256 Tx /Rx antenna elements

Note: RAN1 continues to discuss exact number of Tx/Rx antenna elements
For number of UE antenna elements, over-6GHz (30GHz, 70GHz)

30GHz: Up to 32 Tx /Rx antenna elements 

70GHz: Up to 32 Tx /Rx antenna elements

Note: RAN1 continues to discuss exact number of Tx/Rx antenna elements

Agreed high speed train assumptions in R1-163887
Continue discussions until RAN1 #85 meeting about highway and urban grid scenarios

Agreements:
· Link level simulation is used for waveform evaluation. 

· Whether and how to do system level simulation for waveform is FFS.

· Four evaluation cases can be 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)

    (refer to their illustrations in pages 5 – 9 in R1-163558)

Agreements:
· Consider the RF nonlinearity in the evaluation cases of R1-163558
1. RAN1 can consider the following models for PA modeling, i.e. Rapp model [1] (AM/AM, AM/PM) and/or Clipping model with different thresholds
· Companies should provide the model parameters (operating point, back-off value etc.) and justification (e.g., EVM, OOBE/PSD)
2. Huawei to draft a LS to RAN4 until Friday in R1-163890 to ask on the applicability/fidelity of the models above for both UE and BS, different carrier frequency and signal bandwidth, and recommended parameters (operating point, back-off value etc.) to be used in the models or recommended realistic other PA models.
[1]“Comparison of Power Amplifier Non-linearity Impact on 60 GHz Single Carrier and OFDM Systems”, Maltsev at al.,  IEEE CCNC 2010.

R1-163897 was agreed
R1-163934 was agreed


	Multiple access scheme

	Observations:

· Examples non-orthogonal schemes include (but not limited to):

· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Pattern defined multiple access (PDMA) (e.g., R1-163383)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)

· Low code rate spreading (e.g., R1-162385)

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)
Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied



	Numerology and frame structure

	Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)

· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.4: Subcarrier-spacing values 21.33 kHz
· 
· Note: other alternatives are not precluded

· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
Companies are encouraged to provide detailed analysis and input the views in the following table

[image: image1]
Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting

- Alt. 1:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * 2m
· where

· f0 is FFS

· m is an integer chosen from a set of possible values

- Alt. 2:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * M

· where

· f0 is FFS

· M is an integer chosen from a set of possible positive values

· All companies are requested to analyze/evaluate following aspects

· Realistic phase noise

· How each alternative allows mixing different numerologies

· All companies are requested to propose exact values of 

· f0, m, and M

Agreements:
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency


	Channel coding

	Agreements:
· Candidates for 5G new RAT data transmission are identified as the following

· LDPC code 

· Polar code 

· Convolutional code (LTE and/or enhanced convolutional coding)
· Turbo code (LTE and/or enhanced turbo coding)
· Note: It is RAN1 common understanding that combination of above codes is not precluded
· Note: Outer erasure code is not precluded
· Selection of 5G new RAT channel coding scheme(s) will consider,
· Performance

· Implementation complexity 
· Latency (Decoding/Encoding)

· Flexibility (e.g., variable code length, code rate, HARQ (as applicable for particular scenario(s)))


Outgoing LS is listed below.
· LS on realistic power amplifier model for 5GNR  waveform evaluation in R1-163934

Email discussions after the meeting are listed below.

· [84b-11] LLS assumptions for multiple access for NR

· [84b-12] SLS assumptions for multiple access for NR

· [84b-13] Evaluation assumptions for NR

· [84b-14] MIMO mode and channel model parameters for NR

· [84b-15] Frame structure for NR

3. Work Plans for Future Meetings
· RAN1#85 (May 2016) 

· Continue discussing overview of new radio interface

· Highlight high level design proposal for skeleton TR
· Continue discussing evaluation assumptions 

· Determine the basic parameters necessary to initiate the evaluation
· Continue discussing numerology and frame structure 

· Narrow down the candidate numerologies (subcarrier spacing, symbol length, CP length, etc) 

· Continue discussing the frame structure (Number of OFDM symbols, TTI definition, etc) 

· Continue discussing waveform & multiple access 

· Narrow down the candidate waveform 

· Continue discussing the candidate multiple access 

· Continue discussing candidate channel coding and modulation 

· Narrow down the candidate channel coding modulation 
· Discuss initial views on MIMO-related technologies 

· RAN1#86 (August 2016)

· Complete the remaining evaluation assumptions if any
· Continue discussing numerology and frame structure 

· Make initial decisions on the numerology(s) common to all the usage cases (subcarrier spacing, symbol length, CP length, etc) 

· Narrow down the frame structure (number of OFDM symbols, TTI definition, etc) 

· Continue discussing waveform & multiple access 

· Decide the basic waveform for NR 

· Narrow down the candidate multiple access 

· Continue discussing candidate channel coding and modulation 

· Make initial decisions on the channel coding and modulation 

· Channel coding and modulation may be different depending on usage scenario
· Discuss candidate MIMO technologies 

· Identify candidate MIMO technologies 

· RAN1#86bis (October 2016)

· Continue discussing numerology and frame structure 

· Decide the numerology(s) (subcarrier spacing, symbol length, CP length, etc) 

· Make initial decisions on the frame structure common to all the usage cases (Number of OFDM symbols, TTI definition, etc) 

· Conclude waveform & multiple access 

· Decide the candidate multiple access 

· Continue discussing candidate channel coding and modulation 

· Discuss and decide the remaining issues on channel coding and modulation (e.g., rate-matching, RV, or channel coding for specific usage case if any)

· Discuss the channel structure (related to multiple access)

· Identify necessary physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel 

· RACH preamble /RACH procedure 

· DL/UL control channel 

· DL/UL data channel 

· Continue discussing candidate MIMO technologies 

· Continue discussing MIMO technologies

· RAN1#87 (November 2016)

· Conclude numerology and frame structure 

· Decide the frame structure (Number of OFDM symbols, TTI definition, etc) specific to a usage case if any 

· Conclude candidate channel coding and modulation

· Decide the remaining issues on channel coding and modulation (e.g., rate-matching, RV, or channel coding for specific usage case if any)

· Continue discussing the channel structure 

· Discuss detailed designs for physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel

· RACH preamble /RACH procedure

· DL/UL control channel

· DL/UL data channel 

· Continue discussing candidate MIMO technologies 

· Identify candidate MIMO technologies

· RAN1#88 (February 2017)

· Conclude the channel structure 

· Summarize detailed physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel 

· RACH preamble /RACH procedure 

· DL/UL control channel 

· DL/UL data channel 

· Conclude discussing candidate MIMO technologies 

· Summarize candidate MIMO technologies

Note that when the agreements are reached in RAN1, the related CRs for RAN1 skeleton TR and TR38.912 will be prepared.
4. Conclusion
For information, this document provided the progress in the previous meetings and future work plans for the NR study. Note that the document will be updated according to the progress of the study.
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