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Introduction 
RAN has agreed a work item for NR support for dedicated spectrum less than 5 MHz for FR1 [1]. Part of the work item objectives for RAN4 is to RF requirements for optional 3 MHz channel bandwidth. In this contribution RF requirements are discussed.


Discussion

The WI objectives which are relevant to RAN4 RF work are copied below.· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.

· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.



From the WI objectives it can be observed that while the RAN4 requirements are intended to cover spectrum allocation from approximately 3 MHz up to below 5 MHz, the RF channel bandwidth impact is limited. Only new channel bandwidth is optional 3 MHz channel bandwidth, while re-use of 5 MHz channel bandwidth shall take place for other use cases. 
In RAN4#106 a WF was agreed capturing specification impacts [2]. Most open items are around MPR/A-MPR and SEM. It is suggested to adopt SEM aligned with LTE 3 MHz SEM
Table 1: SEM for 3 MHz channel bandwidth
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	3.0
MHz
	Measurement bandwidth

	 0-1
	-13
	30 kHz 

	 1 – 5
	-10
	1 MHz

	 5 – 6
	-25
	1 MHz



Proposal 1: Adopt SEM for 3 MHz channel bandwidth as shown in Table 1, i.e. aligned with LTE.
Furthermore, there is a need to analyze and define MPR/A-MPR for 3 MHz channel bandwidth. It should be noted that in LTE A-MPR is added to MPR and therefore direct re-use of LTE A-MPR is not possible. Furthermore, pi/2 BPSK and CP-OFDM are not specified for LTE, and A-MPR for those needs to be investigated.
Observation 1: Direct re-use of LTE A-MPR is not possible due as in LTE A-MPR is added to MPR.
3 MHz channel bandwidth has narrower guardband than existing NR channel bandwidth. We have simulated also results for general MPR to check whether current NR MPR can be used for 3 MHz ChBW. The simulation assumptions are provided below.
· PA calibration point: ACLR is met with DFT-s-OFDM StartRB = 0, L_CRB = 100 waveform
· IQ-image: -28 dBc except for 256QAM EVM considerations improved image rejection was used.
· LO-leakage -28 dBc
· Requirements considered: NR ACLR, SEM, Spurious emissions, EVM, in-band emissions. 
· Additonal emission requirements were considered in A-MPR investigations.
The result Figures are provided in Annex 1. General, simulated MPR is well aligned with general MPR requirements. However, there is one problematic case: edge RB allocations with DFT-s-OFDM Pi/2 BPSK. Due to the reduced minimum guard band compared to 5 MHz channel bandwidth, linear leakage is more challenging to contain within requirements, and edge RB allocations exceed the 0.5 dB MPR allowed for Pi/2 BPSK. This would mean that to meet the requirements, pi/2 BPSK for 3 MHz would end up setting the most stringent requirement for WOLA and/or channel filtering, which does not sound reasonable. Therefore, we propose to increase general MPR for Pi/2 BPSK edge RB allocation to 1 dB for 3 MHz channel bandwidth.
Observation 2: Due to narrower guard band than specified for 5 MHz linear leakage causes Pi/2 BPSK edge RB allocations to exceed general MPR allowance
Observation 3: Other than DFT-s-OFDM Pi/2 BPSK, general MPR can be re-used for 3 MHz ChBW.
Proposal 2: Increase edge RB allocation MPR for pi/2 BPSK from 0.5 dB to 1 dB for 3 MHz channel bandwidth. 
In addition to general MPR, A-MPR for NS_12 was also simulated. Additional emission requirement for NS_12 is shown in Table 2:
Table 2: Additional requirements NS_12
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	3 MHz, 5 MHz, 10 MHz 
	

	806 ≤ f ≤ 813.5
	-42
	6.25 kHz

	NOTE 1:	The requirement applies for NR carriers with lower channel edge at or above 814 MHz.
NOTE 2:	The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB.



Naturally, the limit was assumed to be applicable for 3 MHz ChBW which is not yet present in NR specifications. The 3 MHz channel was centered at 815.5 MHz, i.e. immediately adjacent to lower edge of n26. The simulation results are included in Annex 2 of this document. It should be noted that the A-MPR result Figures include also the impact of SEM, EVM etc. in addition to the NS_12 emission requirement.
Based on the simulation results the A-MPR for NS_12 for 3 MHz CBW could be defined as shown in Table 3 and Table 4.
Table 3: A-MPR regions for NS_12
	Channel BW
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	≤0.9
	>0
	A2

	5MHz
	≤1.8
	>0
	A1

	10MHz
	≤3.6
	>0
	A1



Table 4: A-MPR for NS_12
	Modulation/Waveform
	A1
	A2

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 5
	≤ 3

	DFT-s-OFDM QPSK
	≤ 5
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 64 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 256 QAM
	≤ 9.5
	≤ 4.5

	CP-OFDM QPSK
	≤ 7
	≤ 6

	CP-OFDM 16 QAM
	≤ 7
	≤ 6

	CP-OFDM 64 QAM
	≤ 7
	≤ 6

	CP-OFDM 256 QAM
	≤ 9.5
	≤ 6




Proposal 3: Take the provided A-MPR simulation results and Tables 3 and 4 into account in defining A-MPR for NS_12 for 3 MHz channel bandwidth.
We aim to provide A-MPR results for other additional requirements which are applicable the operating bands within the WI scope in the following meeting.


Conclusions

In this contribution synchronization raster for dedicated spectrum less than 5 MHz was discussed. Following observations and proposals were made: 

Observation 1: Direct re-use of LTE A-MPR is not possible due as in LTE A-MPR is added to MPR.
Observation 2: Due to narrower guard band than specified for 5 MHz linear leakage causes Pi/2 BPSK edge RB allocations to exceed general MPR allowance
Observation 3: Other than DFT-s-OFDM Pi/2 BPSK, general MPR can be re-used for 3 MHz ChBW.

Proposal 1: Adopt SEM for 3 MHz channel bandwidth as shown in Table 1, i.e. aligned with LTE.
Table 1: SEM for 3 MHz channel bandwidth
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	3.0
MHz
	Measurement bandwidth

	 0-1
	-13
	30 kHz 

	 1 – 5
	-10
	1 MHz

	 5 – 6
	-25
	1 MHz



Proposal 2: Increase edge RB allocation MPR for pi/2 BPSK from 0.5 dB to 1 dB for 3 MHz channel bandwidth. 
Proposal 3: Consider the A-MPR simulation results provided and Tables 3 and 4 in defining A-MPR for NS_12 for 3 MHz channel bandwidth.
Table 3: A-MPR regions for NS_12
	Channel BW
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	≤0.9
	>0
	A2

	5MHz
	≤1.8
	>0
	A1

	10MHz
	≤3.6
	>0
	A1



Table 4: A-MPR for NS_12
	Modulation/Waveform
	A1
	A2

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 5
	≤ 3

	DFT-s-OFDM QPSK
	≤ 5
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 64 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 256 QAM
	≤ 9.5
	≤ 4.5

	CP-OFDM QPSK
	≤ 7
	≤ 6

	CP-OFDM 16 QAM
	≤ 7
	≤ 6

	CP-OFDM 64 QAM
	≤ 7
	≤ 6

	CP-OFDM 256 QAM
	≤ 9.5
	≤ 6
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Annex 1: Simulation results for general MPR for 3 MHz channel bandwidth
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Annex 2: Simulation results for NS_12 A-MPR for 3 MHz channel bandwidth
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