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Background
· RAN1 #86 agreed that NR should support CP-OFDM waveform for uplink and downlink.
· RAN1 #86b agreed that NR should support complementary DFT precoding (DFTS-OFDM) for the uplink to enable lower PAPR for uplink transmissions. The selection between OFDM and DFTS-OFDM was agreed to be a network decision making support for both OFDM and DFTS-OFDM mandatory at the UE side. 
· RAN1 #86b further agreed that NR should support the following modulation schemes:  QPSK, 16QAM, 64QAM and 256QAM.
· The RAN1 NR AdHoc in January 2017 agreed to extend the set of supported uplink modulation schemes with /2-BPSK with the aim to enable further reduced PAPR and associated further enhanced power-amplifier efficiency at lower data rates. 
Discussion
Different extensions to currently agreed modulation schemes have been proposed. Two of these extensions are 
· Modulation orders above that of 256QAM
· Uplink spectrum shaping for further reduced PAPR, specifically targeting scenarios where links operate at a very low spectral efficiency, see e.g. [1] 
In light of the very tight time plan for the release 15 work item, we believe that NR release 15 should be limited to the waveforms (OFDM, DFT-S-OFDM) and modulation schemes (/2-BPSK, QPSK, 16QAM, 64QAM and 256QAM) currently agreed within RAN1.
However
· Regarding modulation order above 256QAM, one scenario where this may be of interest is the backhaul scenario. This has already been agreed to be covered by a study item [2], with possible introduction in the NR release 16 specifications. It seems reasonable that study of modulations order above that of 256QAM is part of these studies.
· Regarding spectrum shaping, RAN1 sent an LS to RAN4 on which RAN4 responded “RAN4 thinks that low PAPR waveforms are useful for NR deployments and therefore could be considered in RAN1” [3]. We still think there are open issues with spectrum shaping, both in terms of actual gain and, for example, in terms of impact in base station receiver. However, in light of the RAN4 LS response, we think this too is something that can be studied further with possible introduction into later-releases specifications.

Proposals
Proposal 1: NR release 15 is limited to the waveforms (OFDM, DFT-S-OFDM) and modulation schemes 
(/2-BPSK, QPSK, 16QAM, 64QAM and 256QAM) currently agreed within RAN1.
[bookmark: _GoBack]Proposal 2: Modulation orders above that of 256QAM is studied as part of the study item on access/backhaul integration. 
Proposal 3:  Uplink spectrum shaping can be further studied with possible introduction in later-release specifications.

References 
[1]	R1-167086 “GPO Based BPSK and QPSK modulation schemes with Low PAPR”
[2]	RP-170821 “New SID Proposal: Study on Integrated Access and Backhaul for NR”
[3]	R4-1702098 “Draft Response to LS on pi/2 BPSK with spectrum shaping for DFTS-OFDM uplink”

 


TSG


-


RAN WG1


#88bis


 


R1


-


1705216


 


Spokane, WA


, USA


, 


April 3 


–


 


7, 2017


 


 


Source:


 


Ericsson


 


Title:


 


Additional modulation schemes for NR


 


 


Agenda Item:


 


8.1.5


 


Document for:


 


Discussion 


and Decision


 


 


1.


 


Background


 


-


 


RAN1 #86 agreed that NR should support CP


-


OFDM waveform for uplink and downlink.


 


-


 


RAN1 #86b agreed that NR should support complementary DFT precoding (DFTS


-


OFDM) for the uplink 


to enable lower PAPR


 


for uplink transmissions. The selection between OFDM and DFTS


-


OFDM was 


agreed to be a network decision making support for both OFDM and DFTS


-


OFDM mandatory at the UE 


side. 


 


-


 


RAN1 #86b further agreed that NR should support the following modulation schemes: 


 


QPSK, 


16QAM, 


64QAM and 256QAM.


 


-


 


The RAN1 NR AdHoc in January 2017 agreed to extend the set of supported uplink modulation schemes 


with 


p


/2


-


BPSK with the aim to enable further reduced PAPR and associated further enhanced power


-


amplifier efficiency at lower 


data rates. 


 


2.


 


Discussion


 


Different extensions to current


ly agreed modulation schemes have


 


been proposed. 


Two of these extensions are 


 


-


 


Modulation orders above 


that of 


256QAM


 


-


 


U


plink spectrum shaping for further reduced PAPR


, specifically targeting 


scenarios w


here links operate 


at a very low spectral efficiency


, see e.g.


 


[1] 


 


In light of the 


very tight time plan for the release 


15 work item


, we believe that NR release 15 should be limited 


to the waveforms (OFDM, DFT


-


S


-


OFDM) and modulation schemes (


p


/2


-


BPSK, 


QPSK, 16QAM, 64QAM and 


256QAM) currently agreed within RAN1.


 


However


 


-


 


Regarding modulation order above 256QAM, one scenario where this may be of interest is the bac


khaul 


scenario. This has already been agreed to be covered by a study item


 


[2], with possible


 


introduction in 


the NR release 16 specifications. It seems reasonable that 


study


 


of modulations order above 


that of 


256QAM is part of these studies.


 


-


 


Regarding spectrum shaping, RAN1 sent an LS to RAN4 on which RAN4 responded “


RAN4 thinks 


that low PAPR wav


eforms are useful for NR deployments and therefore could be considered in RAN1


” 


[3


]. We still think there are open issues with spectrum shaping, both in terms of actual gain and, for 


example, in terms of impact in base station receiver. However, in light o


f the RAN4 


LS 


response


,


 


we 


think this too is so


mething that can be studied further with possible introduction 


into later


-


releases


 


specifications


.


 


 


3.


 


Proposals


 


Proposal


 


1: 


NR release 15 is limited to the waveforms (OFDM, DFT


-


S


-


OFDM) and modulation schemes 


 


(


p


/2


-


BPSK, QPSK, 16QAM, 64QAM and 256QAM) currently agreed within RAN1.


 


Proposal 2:


 


Modulation orders above 


that of 


256QAM is studied as part of th


e study item on access/backhaul 


integration. 


 


Proposal 3:


  


Uplink spectrum sha


ping can be


 


further 


studied with 


possible introduction 


in later


-


release 


specifications


.


 




  TSG - RAN WG1 #88bis   R1 - 1705216   Spokane, WA , USA ,  April 3  –   7, 2017     Source:   Ericsson   Title:   Additional modulation schemes for NR     Agenda Item:   8.1.5   Document for:   Discussion  and Decision     1.   Background   -   RAN1 #86 agreed that NR should support CP - OFDM waveform for uplink and downlink.   -   RAN1 #86b agreed that NR should support complementary DFT precoding (DFTS - OFDM) for the uplink  to enable lower PAPR   for uplink transmissions. The selection between OFDM and DFTS - OFDM was  agreed to be a network decision making support for both OFDM and DFTS - OFDM mandatory at the UE  side.    -   RAN1 #86b further agreed that NR should support the following modulation schemes:    QPSK,  16QAM,  64QAM and 256QAM.   -   The RAN1 NR AdHoc in January 2017 agreed to extend the set of supported uplink modulation schemes  with   /2 - BPSK with the aim to enable further reduced PAPR and associated further enhanced power - amplifier efficiency at lower  data rates.    2.   Discussion   Different extensions to current ly agreed modulation schemes have   been proposed.  Two of these extensions are    -   Modulation orders above  that of  256QAM   -   U plink spectrum shaping for further reduced PAPR , specifically targeting  scenarios w here links operate  at a very low spectral efficiency , see e.g.   [1]    In light of the  very tight time plan for the release  15 work item , we believe that NR release 15 should be limited  to the waveforms (OFDM, DFT - S - OFDM) and modulation schemes (  /2 - BPSK,  QPSK, 16QAM, 64QAM and  256QAM) currently agreed within RAN1.   However   -   Regarding modulation order above 256QAM, one scenario where this may be of interest is the bac khaul  scenario. This has already been agreed to be covered by a study item   [2], with possible   introduction in  the NR release 16 specifications. It seems reasonable that  study   of modulations order above  that of  256QAM is part of these studies.   -   Regarding spectrum shaping, RAN1 sent an LS to RAN4 on which RAN4 responded “ RAN4 thinks  that low PAPR wav eforms are useful for NR deployments and therefore could be considered in RAN1 ”  [3 ]. We still think there are open issues with spectrum shaping, both in terms of actual gain and, for  example, in terms of impact in base station receiver. However, in light o f the RAN4  LS  response ,   we  think this too is so mething that can be studied further with possible introduction  into later - releases   specifications .     3.   Proposals   Proposal   1:  NR release 15 is limited to the waveforms (OFDM, DFT - S - OFDM) and modulation schemes    (  /2 - BPSK, QPSK, 16QAM, 64QAM and 256QAM) currently agreed within RAN1.   Proposal 2:   Modulation orders above  that of  256QAM is studied as part of th e study item on access/backhaul  integration.    Proposal 3:    Uplink spectrum sha ping can be   further  studied with  possible introduction  in later - release  specifications .  

