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9.1.4
3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 
Enabling high power UEs using pi/2 BPSK with spectrum shaping feature for sub 6 GHz LMLC deployments
Acronym: NR_MPRpi2BPSKFR1
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.

If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 

Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	X



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	X

	
	Core Network
	

	
	Services
	


1
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	
	
	

	No
	
	
	
	
	

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
	X
	Feature

	
	Building Block

	
	Work Task

	
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2
Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	-
	-
	- 


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:
Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.
Dependency on non-3GPP (draft) specification: 
3
Justification

RAN1 has defined the pi2 BPSK modulation for DFT-S-OFDM for PUSCH and long PUCCH carrying more than 2 UCI bits.  The spectrum shaping function is not specified in the standard but RAN4 defines EVM equalizer spectrum flatness requirements for the spectrum shaping filter so that UE implementation allows vendor specific spectrum shaping filtering. In RAN4#85 meeting, the following has been agreed for FR2:
· The spectrum shaping filter and associated requirements are applicable only to FR2
· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters
· X1 = [6]dB, X2 = [20] dB, Y = [-15] dB
· X3 such that X2 = X1 + X3
· Impact on network performance should be studied
· PA Output Power for FR2: Qualcomm and IITH  have shown that the PA can be driven with BPSK at a higher power level than with QPSK while meeting the requirements
· The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition
· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value
· The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
An agreement could not be reached on the spectrum shaping filter usage to FR1. 
We would like to bring to the attention of RAN that 3GPP IMT2020 submission to ITU-R WP 5D should mandatorily meet Low Mobility Large Cell (LMLC) requirement that is introduced by the Indian administration. LMLC is targeted for rural sub 6 GHz deployments with large cell radius. Deployments are expected in both TDD and FDD bands. Typical inter-site distances are or the order of 5 Km. In order to meet the coverage demands of large cells, we propose to use low PAPR pi/2 BPSK DFT-S-OFDM waveform with spectrum shaping for both data and control channels. This waveform allows up to 3.0 dB higher UE power compared to reference QPSK waveform. We propose to enable a 26 dB UE power class using a negative MPR.  Higher power UEs other than 26dBm can also be introduced using negative MPR value. The massive MIMO receiver processing gain coupled with the higher UE power is essential for meeting the coverage.
Given that spectrum shaping filter is already agreed for FR2 the same can be extended to FR1 by introducing negative MPR value. Extensive simulation results are presented to RAN4 that show that there is significant net power gain after considering the link level losses caused by the filter (please refer to R4-1714191
Further Link Results for p/2 BPSK DFT-S-OFDM Waveform with Spectrum Shaping and MMSE Receiver). Note that the 3GPP rural channel model uses high vehicle speed. LMLC requires a rural channel model with low vehicular speed. In the absence of such a model, we considered both AWGN and fading channel models with low delay spread. Under these conditions we show that the spectrum shaping filter causes a small BER degradation (0.1 dB loss for larger subcarrier allocation and 0.5 dB loss for narrow allocation).  Considering the above it is proposed to introduce pi/2 BPSK with spectrum shaping filter for FR1.
Note: Apart from LMLC use case, many vendors and operators expressed interest in supporting pi/2 BPSK with spectrum shaping for FR1 for urban deployments
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The detailed objectives are as follows. 
· The spectrum shaping filter and associated requirements are applicable to FR1
· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters

· X1 = 6dB, X2 = 20 dB, Y = -15 dB

· X3 such that X2 = X1 + X3

· Impact on network performance should be studied

· PA Output Power for FR1: Qualcomm and IITH  have shown that the PA can be driven with BPSK at a higher power level than with QPSK while meeting the requirements

· The waveform defined by BW = 100MHz, SCS=15KHz, DFT-S-OFDM QPSK is the reference waveform with 0dB MPR and is used for the power class definition

· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value

· The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify the necessary UE performance requirements for the specified enhancements in RAN4.
4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.

additional comments to the time budget request in the attached Excel table:
5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Rapporteur(s)
(see note 2)
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


Note 1:
Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.

NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.211
	
	
	Core Part

	38.212
	
	
	Core Part

	38.213
	
	
	Core Part

	38.214
	
	
	Core Part

	38.215
	
	
	Core Part

	38.300
	
	
	Core Part

	38.306
	
	
	Core Part

	38.321
	
	
	Core Part

	38.331
	
	
	Core Part

	38.101
	
	
	Core Part

	38.101
	
	
	Performance Part


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
Kiran Kuchi
Company:
IITH
Email:
kkuchi@iith.ac.in
7
Work item leadership

RAN WG4
8
Aspects that involve other WGs
{Free text. If applicable, specify the other WG(s) and their task, e.g.: "SA1 for the Service Aspects", "SA5 for the Charging Aspects", "SA3 for the Security aspects", etc. If not applicable, indicate "None" or "None identified yet".} 
NOTE:
For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9
Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 

	Supporting IM name

	IITH

	CEWIT

	IITM

	Tejas Networks

	Reliance Jio

	

	


