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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 before the RAN1#85 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

· RAN1#85 (May 2016)

The agreements and conclusions are summarized below.

	General

	R1-165216 (Skeleton TR38.802) was agreed.

R1-165889 was agreed as v.0.0.3 with following update in Section 6.1

The downlink transmission scheme is based on OFDM. 

Note: Terminology “baseline” will be updated in the next version



	Forward compatibility

	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
Agreements:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal



	Evaluation assumption

	R1-165850 was agreed
R1-166007 was agreed
R1-166026 was agreed
· For UE at 70GHz, companies are also allowed to investigate the case with 64 total number of antenna elements

· The number of TXRUs remains the same as 30GHz

Agreements: (Indoor hotspot)
Attributes

Values or assumptions

Maximum Tx power

BS:
  Above 6GHz: 23 dBm for system bandwidth ≥ 100MHz. 

  EIRP should not exceed [51] dBm (NOTE1).
UE: 

  30GHz: 23dBm

  70GHz: 21dBm

  EIRP should not exceed 43 dBm 
(NOTE1).
UE receiver noise figure

Below 6GHz: 9dB 

Above 6GHz: 13dB (baseline performance), 10dB (high performance)
Traffic model

Alt. 1: Full buffer 

Alt. 2: FTP 

Proposal: Consider full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes, 0.1 Mbytes (other value is not precluded). 

Other traffic models are not precluded.

Traffic load (Resource utilization)

For baseline scheme: 25%, 50%, 80% (other value is not precluded)

Agreements: (Dense urban)
Attributes

Values or assumptions

Carrier frequency
Micro layer: Around 30GHz, 4 GHz; optional: 70GHz 
Aggregated system bandwidth

Around 30GHz and 70GHz: Up to1GHz (DL+UL)

Tx power

Micro BS:
Proposal: 4 GHz:  33dBm for 20MHz system bandwidth– check on Wed

Above 6GHz: 33 dBm for system bandwidth ≥100MHz. 

  EIRP should not exceed [69] dBm (NOTE1).
UE: 

  30GHz: 23dBm

  70GHz: 21dBm
EIRP should not exceed 43 dBm (NOTE1).
UE receiver noise figure

Below 6GHz: 9dB 

Above 6GHz: 13dB
Traffic model

Alt. 1: Full buffer 

Alt. 2: FTP 

Proposal: Consider full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes, 0.1 Mbytes (other value is not precluded). 

Other traffic models are not precluded.

Traffic load (Resource utilization)

For baseline scheme: 25%, 50%, 80% (other value is not precluded)

Agreement: Capture the following in 38.802: 
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Figure 2. Layout illustration of deployment scenario of “Dense Urban”: 3 Micro TRPs per Macro TRP
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Figure 3. Layout illustration of deployment scenario of “Dense Urban”: 9 Micro TRPs per Macro TRP
Table 2. Number of Micro TPP per Macro TRP vs. minimum distance between TRPs and UE cluster radius
Number of the micro TRPs per macro TRP
Minimum distance between Micro TRPs (m)
Radius of UE dropping within a cluster: R (m)
3
57.9
<28.9
6
42.4
<21.2
9
32
<16
Agreement: (Rural)
Traffic model

Alt. 1: Full buffer 

Alt. 2: FTP 

Proposal: Consider full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes, 0.1 Mbytes (other value is not precluded). 

Other traffic models are not precluded.

Traffic load (Resource utilization)

For baseline scheme: 25%, 50%, 80% (other value is not precluded)

Agreements: (Urban macro)
Attributes

Values or assumptions

Tx power

BS:

30GHz:  43 dBm for system bandwidth ≥100MHz. 

  EIRP should not exceed [78] dBm (NOTE1)..
UE: 

  30GHz: 23dBm

  EIRP should not exceed 43 dBm (NOTE1).
UE receiver noise figure

Below 6GHz: 9dB 

Above 6GHz: 13dB
Traffic model

Alt. 1: Full buffer 

Alt. 2: FTP 

Proposal: Consider full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes, 0.1 Mbytes (other value is not precluded). 

Other traffic models are not precluded.

Traffic load (Resource utilization)

For baseline scheme: 25%, 50%, 80% (other value is not precluded)
Agreements: (High speed)
· All proposals in R1-165576, with removal of “same cell ID” on slide 5. 

· Other scenarios can be further discussed, e.g.:

· 30GHz (see below)

· Unidirectional beams

R1-165484 was agreed with the following notes

Notes: 

· Focus is on evaluation of the base station to relay link. 

· 1 relay node per train is assumed. 

Agreements: (High speed)
Attributes

Values or assumptions

UE receiver noise figure

Below 6GHz: 9dB 

Above 6GHz: 13dB
Traffic model

Alt. 1: Full buffer 

Alt. 2: FTP 

Proposal: Consider full buffer and FTP model 1/2/3 with packet size 0.5 Mbytes, 0.1 Mbytes (other value is not precluded). 

Other traffic models are not precluded.
Traffic load (Resource utilization)

For baseline scheme: 25%, 50%, 80% (other value is not precluded)
Agreement: (Extreme rural)
For the evaluation of Long Range (single cell SLS), consider a single cell radius target (e.g. 100km), and identify the data rate with which the edge users can be served; then observe how many users such a cell site can serve.
R1-165485 was also agreed

R1-166031 was agreed for waveform evaluation in high speed scenarios.

Agreements: (High-speed)
· On additional evaluation assumptions for high speed train scenario: Macro + relay around 30GHz

· Number of antenna elements of relay

· Relay Tx: up to 256

· Relay Rx: up to 256

· Note: The antenna of the relay for RRH-to-Relay is located outside of a train

· Number of antenna elements of RRH

· RRH Tx: up to 256

· RRH Rx: up to 256

· Note: The above values are shown in TR 38.913
R1-166001  (high-speed) was agreed except for brackets and FFS parts
Agreements: (high way)
Parameters 
Urban grid for eV2X 
Highway for eV2X 
Layout 
Option 1: Macro only (with the road configuration in Figure 6.1.10-1 in TR38.913)
Option 2: Macro +  RSUs (with the road configuration in Figure 6.1.10-1 in TR38.913)
Note: An RSU can be a BS type RSU or UE type RSU 
Out of coverage can be evaluated assuming eNB or RSU to be disabled.
Sidelink evaluation with partly out of coverage Ues and partly in coverage Ues are FFS.
  
Option 1: Macro only (straigntline eNB placement with Road configuration in TR36.885)
Option 2: Macro + RSUs  (straightline eNB with Road configuration  in TR36.885)
Note: An RSU can be a BS type RSU or UE type RSU 

Out of coverage can be evaluated assuming eNB or RSU to be disabled.
Sidelink evaluation with partly out of coverage Ues and partly in coverage Ues are FFS. 
Inter-BS distance 
Inter Macro: 500m
Inter RSU: RSU is dropped at each intersection 
Inter Macro: 1732m, 500m (optional) 
Inter RSU: Uniform allocation with 100m spacing in the middle of the highway 
Carrier frequency 

Macro to/from vehicle/pedestrian UE : 4 GHz 
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz 
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

Macro to/from vehicle/pedestrian UE : 2 GHz  or 4GHz
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
Aggregated system bandwidth

Up to 200 MHz (DL+UL)
Up to 100 MHz (SL) 
Up to 200 MHz (DL+UL)
Up to 100 MHz (SL) 
Simulation bandwidth

20 or 40 MHz (DL+UL)
10 or 20 MHz (SL) 
20 or 40 MHz (DL+UL)
10 or 20 MHz (SL) 
Channel model 

Macro to/from vehicle/pedestrian UE : 3D UMa 
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885

FFS whether V2V channel model enhancements are needed

Macro to/from vehicle/pedestrian UE: 

3D UMa for 500m ISD 

3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885

FFS whether V2V channel model enhancements are needed

Tx power 
Macro BS: 49dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm [TBD for TDD]
BS-type-RSU: 24dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBM for RSU or UE is not precluded 
Macro BS: 49dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm [TBD for TDD]
BS-type-RSU: 24dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBM for RSU or UE is not precluded 
BS antenna configuration 
Macro BS: Up to 256 TX/RX antenna elements
BS-type-RSU: Up to 8 TX/RX antenna elements 
Macro BS: Up to 256 TX/RX antenna elements
BS-type-RSU: Up to 8 TX/RX antenna elements 
BS antenna pattern 
Macro BS: Follow the modeling of TR 36.873
BS-type RSU: Follow the modeling of TR 36.873
Note: Further study if needed, e.g., vertical beamforming, vehicle-to-vehicle channel. 
Macro BS: Follow the modeling of TR 36.873
BS-type RSU: Follow the modeling of TR 36.873
Note: Further study if needed, e.g., vertical beamforming effect, vehicle-to-vehicle channel. 
BS antenna height 
Macro BS: 25m 
BS-type-RSU: 5m 
Macro BS: 35m for ISD 1732m
                    25m for ISD 500m
BS-type-RSU: 5m 
BS antenna element gain + connector loss 
Macro BS: 8 dBi
BS-type-RSU: 8dBi 
Macro BS: 8 dBi
BS-type-RSU: 8dBi 
BS receiver noise figure 
Macro BS:5dB
BS-type-RSU: 5dB 
Macro:5dB
BS-type-RSU: 5dB 
UE antenna elements 
Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements
UE-type RSU: Up to 8 TX/RX antenna elements 
Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements. 
UE-type RSU: Up to 8 TX/RX antenna elements 
UE antenna pattern 
Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 

Note: uniform antenna models should be used for 2-D channel models
Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 

Note: uniform antenna models should be used for 2-D channel models
UE antenna height 
Vehicle/pedestrian UE: 1.5m
UE-type-RSU: 5 m 
Vehicle/pedestrian UE: 1.5m
UE-type-RSU: 5 m 
UE antenna gain 
Vehicle UE: 3dBi
Pedestrian UE: 0dBi 
UE-type RSU: 3dBi 
Vehicle UE: 3dBi
Pedestrian UE: 0dBi 
UE-type RSU: 3dBi 
UE receiver noise figure 
Vehicle UE: 9dB
UE-type RSU: 9dB 
Vehicle UE: 9dB
UE-type RSU: 9dB 
Traffic model 
[50 messages] per 1 second with [60km/h], [10 messages] per 1 second with [15km/h] in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 
[50 messages]  per 1 second with absolute average speed of [100-250 km/h] (relative speed: 200 – 500km/h) in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 
Traffic load (Resource utilization) 
FFS 
FFS 
UE distribution 

Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m) in TR38.913

Average inter-vehicle distance (between two vehicles’ center) in the same lane is [1sec * average vehicle speed ] (average speed [15 – 120km/h]) in TR38.913
Vehicle UE location update in TR36.885 should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink

Note: Inter-vehicle distance is tentative. After SA1 input, it can be modified.

Pedestrian UE distribution: Inter-pedestrian distance 20m, which is tentative. After SA1 input, it can be modified.
Average inter-vehicle distance (between two vehicles’ center) in the same lane is [0.5 sec or 1sec * average vehicle speed]  (average speed: [100-250 km/h]) in TR38.913
Vehicle UE location update in TR36.885 should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink

Note: Inter-vehicle distance is tentative. 

* After SA1 input, only one value will be selected.

Feedback assumption 
FFS 
FFS 
Channel estimation 
Realistic 
Realistic 
Performance metric 

FFS 

FFS 

Conclusion: (mMTC)
· Discuss until RAN1#86 to define simple UE energy modelling approach for NR mMTC radio access energy efficiency analysis which is not specific to any particular radio access solution (contact: Karri Ranta-aho)

Agreements: (mMTC)
· Evaluation methods and relevant evaluation metrics per KPIs for mMTC in RAN1 are as follows:

· Coverage is evaluated by link budget 

· Connection density is evaluated by SLS and analysis

· UE battery life is evaluated by analysis

· Statistics of wake-up time duration of UE in consideration of the number of (re)transmissions 
· Battery life is evaluated in consideration of RAN2 procedure

Agreements: (URLLC)
The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 

· URLLC capacity is defined as delivered traffic given the (L, R) constraint

· Denoted as C(L,R) 

· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T
Conclusion: Aim for a single set of assumptions for evaluations of URLLC. 
Agreements: (MIMO & antenna modeling)
· TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).

· It should be possible as one option to assume QCL between ports of two different panels of the same transmission points

· Distances (dg,H, dg,V) between panels should be limited to at most [FFS] metres. 

· NR evaluations may consider both cases of phase-calibration and no phase-calibration between panels

Agreements on TRP antenna modelling: 

· For evaluation, consider the following antenna configurations: 

· Baselines are at least for MIMO-related calibration (and can also be used for other features unless a different baseline is defined for evaluation of a particular feature). Companies are encouraged to evaluate other configurations as well.

· At 4GHz:

· Dense urban and Urban macro:

· Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1), (dV,dH) = (0.8, 0.5)λ.

· Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)
· Indoor hotspot:

· FFS

· At 30GHz:
· Dense urban and Urban macro:

· Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ.
· Note that companies are also encouraged to investigate a larger panel spacing, e.g. (dg,V,dg,H) = (4,8) λ

· Indoor hotspot:

· FFS

· At 70GHz:

· Dense urban:

· Baseline: (M,N,P,Mg,Ng) = (8,16,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (4.0, 8.0) λ. 

· Note that companies are also encouraged to investigate a larger panel spacing, e.g. (dg,V,dg,H) = (8,16) λ

· Indoor hotspot:

· FFS

· Consider the following a TXRU to antenna elements mapping as examples

· At 4GHz: the same as TR36.897
· At 30GHz and 70GHz: 

· Option 1: a single TXRU is mapped per panel per polarization.

· Option 2: a single TXRU is mapped per panel per subarray per polarization, 

· E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.

· Other subarray configurations are not precluded. 

· Option 3: Fully connected TXRU mapping within a panel per polarization.

· Other Fully connected TXRU mapping is not precluded.  

· For evaluating multi beam based approaches at 30GHz and 70GHz, consider the following:
· TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

· Companies should describe TXRU mapping weights for the panel beams

Agreements on UE antenna modelling:

· For UE with (Mg, Ng) directional antenna panels.
· Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

· For NR MIMO evaluation: 

· Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)

· Config 2: (Mg, Ng ) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)

· Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng) does not leads to rectangular shape.

· UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 

· Each antenna array has shape dH=dV=0.5λ
· Config 1 can be used with config a/b; Config 2 can be used with config c/d/e

· Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90

· Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90

· Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90

· FFS: Other configurations, e.g. (M, N, P) = (4, 4, 2) or (M, N, P) = (4, 8, 1) can be considered for 70GHz band, without exceeding the limit on the maximum number of UE antenna elements
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU

· FFS: one TXRU can connect to different subarrays dynamically

· Note: The channel coefficients for each UE panel can be generated using spatial channel model

· Companies should describe the method used for TRP association with UE-side beamforming

Conclusion: Discuss further when LS reply is received from RAN4.

R1-165859 was agreed for waveform evaluation
R1-165989 was agreed for waveform evaluation
R1-166016 was agreed for waveform evaluation
R1-166028 was agreed for waveform evaluation
Agreements for SLS parameters for UL mMTC scenario – urban coverage for massive connection:
Attributes 

Values or assumptions 

Layout 

Single layer 

 - Macro layer: Hex. Grid 

Inter-BS distance 

1732m 

Carrier frequency 

700MHz 

Simulation bandwidth 

Companies report simulation bandwidth used in evaluation 

Channel model 

3D UMa 
Take 5GCM output into account if applicable. 

Tx power 

UE: Max 23dBm or optional 10dBm
BS antenna configuration 

Rx: 2 and 4 ports (8 as optional) 

BS antenna pattern 

Follow the modeling of TR36.873 

BS antenna height 

25m
BS antenna tilt 

Companies report tilt 

BS antenna element gain + connector loss 

8 dBi, including 3dB cable loss 

BS receiver noise figure 

5 dB 

UE antenna elements 

1Tx
UE antenna height 

1.5m 

UE antenna gain 

-4dBi 

Traffic model 

Non-full buffer small packet. Consider future trend of mMTC traffic 
UE distribution 

20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 

Users dropped uniformly in entire cell 

BS receiver 

MMSE-IRC as baseline, Advanced receiver is not precluded
UL power control 

Companies report power control scheme 

Channel estimation

Realistic

· Notes:

· The same table is also agreed to be used for general assumption for mMTC for UL

· Additionally, it was agreed to additionally define the minimum packet size is [20] bytes 

Agreement: (Multiple access evaluation)
· PHY abstraction (L2S mapping) of LLS is encouraged to be provided for calibration purpose

· LLS evaluation with ideal and realistic channel estimation 

Agreements: (Multiple access evaluation)
· For multiple access evaluations for eMBB scenarios, both subband and wideband scheduler can be considered

· For multiple access evaluations for eMBB rural scenario:

· Carrier frequency: 700MHz;

· ISD: 1732m;

· BS antenna configuration: 2/4/8 ports 

· UE antenna configuration: 2Tx/1Tx port, 2Rx/4Rx ports;

· Traffic model:

· For spectral efficiency: full buffer (NOTE)

· For user experienced data rate: FTP model 1/3 
· UE density: 

· Full buffer: 10 UE per TRP, other values are not precluded;   

· Traffic load (FTP)

· 50%, 80%, 25% (optional)
· NOTE: full buffer evaluation is not used for technical scheme down selection.

· For multiple access evaluations for eMBB dense urban scenario:

· Layout: Signal layer; Two layers not precluded

· Carrier frequency: 4 GHz for the single layer

· BS antenna TXRUs: 4, 8, 16, 32 TXRUs

· UE antenna TXUs and RXUs: 2/1 TXUs, 2/4 RXUs
· Traffic model:

· For spectral efficiency: full buffer (NOTE)

· For user experienced data rate: FTP model 1/3 
· UE density: 

· Full buffer: 10 UE per TRP, 20 or other values are not precluded;   

· Traffic load (FTP)

· 50%, 80%, 25% (optional)
· NOTE: full buffer evaluation is not used for technical scheme down selection
· Note: Other parameters refer to general assumptions

Working assumption: (Waveform evaluation)
· RAN1 adopts the models provided in RAN4 LS (R1-166004) to the NR UL waveform evaluations


	Waveform and multiple access schemes

	(Waveform)

Agreements:
· The following OFDM-based waveforms should be used as RAN1 NR waveform performance reference:
· OFDM with CP
· DFT-s-OFDM with CP

· All waveform in RAN1 #84bis/#85 meeting can be evaluated based on agreed assumptions
· Note: Each company should provide details on the DFT-spreading, guard interval, Tx/Rx filtering and/or windowing applied to OFDM waveform for evaluation
(Multiple access scheme)

Agreements:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment


	Numerology and frame structure 

	Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Working assumption:
· In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:

· Baseline: Symbol boundary is aligned with LTE of normal CP
Agreements:
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
Conclusion:

· For CP based scheme, companies are encouraged to evaluate/investigate necessary CP lengths for different numerologies
Conclusion:
· RAN1 will continue investigations on how to achieve effective use for variable bandwidths until the next meeting

Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink
Agreements:
· RAN1 strives for maximizing commonality between TDD and FDD
· It is preferable that mechanisms to indicate the timing relation are duplex agnostic
· Note: This does not preclude any optimization either for FDD only or TDD only
Agreements:
· Companies should use following PN model principles for evaluation of NR for above 6GHz
· Phase noise model for UE should be considered for the evaluation by default.
· Implementation cost, complexity and power consumption at the UE should be taken into account.

· The PN modelling in TRP is FFS.
· Realistic PN model should consider total oscillator PSD including the impact of reference clock, loop filter noise and VCO sub-components. (e.g. PLL-based model, multi-pole/zero model)

· Each company should provide the model and the parameters used for the evaluation.

· The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a baseline to scale PSD level
· A different parameter set of phase noise model can be defined for specific target frequency.

· Companies are encouraged to provide link level evaluation result with the phase noise model. Following phase noise models are provided as examples which are captured in R1-165685 (in page 5 – 8) 

· UE model in R1-164041

· Proposed WF in R1-165005 

· Model A in R1-163984

· mmMAGIC high and low model

· Other phase noise model is not precluded.

· Companies should provide which phase noise model is applied for the evaluation. 

Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
Agreements:
· At least the following is supported for NR frame structure 

· Following timing relationships are indicated to a UE dynamically and/or semi-statically

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated

· Timing relationship between DL assignment and corresponding DL data reception
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.
Agreements:
· NR design should strive at least to enable the possibility for

· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed

· For example to provide coverage or enable TD-LTE coexistence

· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability

Agreements:
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
Agreements:
· NR design should strive to enable the possibility for

· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting

· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

Agreements:
· At least the following time domain structures should be studied/evaluated for NR

· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)

· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)

· Other structures not precluded

· Note: there is no assumption between the relationship of assignments and data in the above

· FFS: there can be guard region after the uplink transmission region.

· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms

· FFS: Metrics for study/evaluation

· Note: This does not preclude the same structure could span multiple 1 msecs
Agreements:
· NR should allow for efficient same frequency operation between the access link and backhaul link
· NR should also allow for efficient operation when the backhaul link and access link are on different frequencies. This includes:
· Operation of backhaul link and access link on different frequencies in the same band
· Operation of backhaul link and access link in different bands
· Note: The term ‘backhaul link’ does not make any assumption on NR RAN architecture design options



	Channel coding and modulation

	Agreement: 

As one potential input to the decisions on channel coding: 

· Companies are encouraged to bring evaluations of the complexity of channel coding / HARQ schemes including at least:
· Energy efficiency (J/bit)

· Area efficiency (Gbps/mm2)

· FEC complexity supporting the full range of info block lengths and code rates with reasonable (details FFS) granularity should be compared instead of single info block length with some code rate

· Companies should provide details of the range of info block lengths and code rates for which their complexity evaluations are conducted
Agreement: 

· Include file format of results with contribution

· Use excel file template provided in ExampleResults.xlsx 

· Multiple columns for 

· QAM, Rate, Info. Blocklength, Es/N0, Eb/N0, BLER 

· Separate tab to provide context 

· Contribution#, name of code, decoder implementation, #iterations or list size, brief details of code construction, brief details of rate matching algorithm, #CRC bits, and other parameters
· The referenced accompanying contribution should provide enough details to enable other companies to repeat the simulations
· Companies encouraged to submit with their contribution for RAN1 #86
Agreement:

· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 

· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.

· The values of mb, nb and z  are FFS. 
· Companies providing evaluations or proposals for LDPC codes are encouraged to show how:

· Multiple code rates and multiple code sizes would be supported, 

· Suitable granularity of  information block size and code rate would be supported,
· How to support HARQ with/without IR.



	Multi-antenna scheme

	Agreements:
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

Agreements:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
Agreements:
· Study necessity of QCL and measurement assumptions for antenna ports in NR

Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework  include

· CSI reporting schemes

· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
Agreements:
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 

· UE-specific RS use case for CSI measurement 

· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)

· Note: maybe relevant to UE receiving beam sweeping

· Use of a joint operation among multiple RS from the same or different use cases 

· RS for interference measurement use cases

· RS for channel reciprocity use cases

· Other use cases is not precluded
· Note: including measurement over aperiodic/periodic/semi-persistent RS

· Note: Subband RS is not precluded
Agreements:
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded
Agreements:
· The following techniques are studied for NR UL MIMO

· Uplink transmission/reception schemes for data channels

· Non reciprocity based UL MIMO (e.g. PMI based) 

· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO

· Open-loop/Close-loop single/Multi point spatial multiplexing

· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs

· Note: for multi point SM, multiple point may have coordination

· Single/Multi panel spatial diversity

· Uplink antenna/panel switching (UE side)

· UL beamforming management for analog implementation
· Combination of above techniques
· UL RS design considering the below functions

· Sounding

· Demodulation

· Phase noise compensation

· UL transmit power/timing advance control in the context of UL MIMO

· Transmission scheme(s) for carrying UL control information

· Other UL MIMO and related techniques are not precluded

R1-166030 was agreed
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE



Outgoing LS is listed below.

· R1-165820
Reply LS on Parameters for WP5D sharing and compatibility studies
Email discussions after the meeting are listed below.

· [85-13] Antenna model for NR

· [85-14] R1-166001 Evaluation assumptions for high speed train scenario for NR

· [85-15] Performance metrics for NR

· [85-16] Calibration for NR waveform
· [85-17] Collect information for NR waveform

· [85-18] PA assumption for NR

3. Work Plans for Future Meetings
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 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 
· Discuss initial access and mobility, considering beamforming aspects for standalone and non-standalone operation
· Identify necessary physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel 

· RACH preamble /RACH procedure 

· 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)

· Continue discussing initial access and mobility, considering beamforming aspects for standalone and non-standalone operation
· Discuss detailed designs for physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel
· RACH preamble /RACH procedure
· Discuss other channel structure , e.g.,
· 
· 
· 
· 
· 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 initial access and mobility, considering beamforming aspects for standalone and non-standalone operation
· Conclude detailed designs for physical layer channels, e.g.,

· Synchronization signal / discovery signal 

· Broadcast channel
· RACH preamble /RACH procedure
· Continue discussing other channel structures
· , e.g.,

· 
· 
· 
· DL/UL control channel

· DL/UL data channel 

· Continue discussing candidate MIMO technologies 

· Identify candidate MIMO technologies

· RAN1 #NR ad-hoc (January 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

· RAN1#88 (February 2017)

· Conclude the remaining 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 

· 
· 
· Complete and review the TR38.802 and 912
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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