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1 Introduction

The choice of spectrum emissions mask for NR in Frequency Range 2 is agreed to fundamentally be based on the submission of IMT parameters to WP5D. The scope and purpose of that submission was however limited, giving additional implications in terms of regulation, BS classes etc. This has been captured in two Way-Forward agreements [1,2].
The present document discusses further the agreed assumptions and makes proposals for SEM limits for a general purpose (Wide Area) base station.
2 Background 
It was agreed in a Way-forward at RAN4 in Hangzhou [1] that the NR BS mmWave spectrum emission mask should be defined taking into account following assumptions:

· NR should have the boundary between OOB and spurious domain limits defined by regulation
· Masks in the Out-of-band domain should be carrier frequency centric SEM
· The NR emission mask (SEM) should use the emission limits submitted to WP5D as a baseline
· Further investigations of SEM limits for different channel bandwidths, BS power levels and BS classes to be conducted
· Investigate possibility to specify multiple fixed boundaries according to carrier channel bandwidth and/or frequency range for unwanted emissions
· Agreed ACLR values should be considered
After further discussions at the RAN4 NR AH in Qingdao, it was agreed in [2] that the NR BS transmitter mask for mmWave should be defined taking into account following assumptions:

· Mask should be linked with channel bandwidth 
· Boundary between OOB and spurious domain limits should be applied according ITU-R SM.1539 recommendation. 
· Spurious emission limits should be taken into account (when agreed)
· BS mmWave output power should be taken into account
· Frequency range up to 52.6 GHz should be covered

The Way-Forward in [2] also lists the following variations for the BS transmitter mask tables:

· BS classes
· Power levels
· Frequency ranges
Indoor/outdoor scenarios are not considered as variations for BS transmitter mask tables.

3 Discussion 
The following discussion is based on the WF agreements from the RAN4 meetings in Hangzhou [1] and Qingdao [2] and gives further analysis for each of the points:
· Masks in the Out-of-band domain should be carrier frequency centric SEM
This is fundamentally different from the UEM approach taken in Range 1 and means that we do not have to consider the size of the operating band or how far outside the operating band that the mask will extend. The only parameters directly influencing the mask will be carrier-related parameters, such as channel bandwidth. An additional aspect is how to define SEM for a possible multicarrier transmission. The approach can here be the same as for LTE, where the mask is defined by the carrier at the edge.
· The NR emission mask (SEM) should use the emission limits submitted to WP5D as a baseline
The spectrum masks developed for the response to ITU-R WP5D [3] were fundamentally based on limits set by the FCC [4], which also means that those limits form the baseline here. In addition, the masks in the response to WP5D had dependence on BS output power, BS class and channel bandwidth. These will need further discussion.

· BS mmWave output power should be taken into account
In the ITU-R response, there are mask variations with BS output power that fundamentally “mimics” different BS classes. While there is a possibility to have masks with lower power levels for the “smaller” BS classes (MR and LA), the Wide Area (WA) BS class should be based on the maximum permissible emission level from regulation. The WA BS will thus have a fixed mask independent of power level and can serve as a general-purpose BS mask.
PROPOSAL 1: 
The Wide Area/General Purpose BS will have a fixed mask (independent of power level) based on the emission limits submitted to WP5D for the highest power level.
· Agreed ACLR values should be considered
When using the WP5D emission limits as a baseline, it should be noted that the masks submitted to WP5D in [2] were developed to be used in sharing and compatibility studies by the ITU-R. Since it was believed to be less likely that ACLR values for NR would be used in studies, it was agreed to also reflect the ACLR properties in the masks, assuming that this way the ACLR values would indirectly be included in the studies. This is no longer the case, since the NR specification is written for conformance, which will be based on both ACLR and SEM, regardless of how we draft the masks. It is therefore not anymore necessary to reflect ACLR in the masks.
PROPOSAL 2: 
The SEM for NR will not be directly based on the ACLR values agreed for NR.
· Mask should be linked with channel bandwidth
The FCC limits [4] that the WP5D response in [3] was based on has a relation to the channel BW in that there is a different mask level immediately outside the license block, in a bandwidth equal to 10% of the channel bandwidth. This was for the WP5D response [3] taken as 20 MHz (10% of a 200 MHz carrier) outside the channel edges. Since an NR BS will be designed for a range of channel BW (50 to 400 MHz in Frequency Range 2) this needs to be reflected in the mask. Note that for multicarrier transmissions, the mask will still be based on a single carrier.
PROPOSAL 3: 
The SEM for an operating band should have the frequency offsets directly related to the channel bandwidth.
· Spurious emission limits should be taken into account
The spurious emission limits are not finally settled in RAN4. The level submitted to WP5D [3] is however the same as the general mask level for higher power (general purpose) BS.
· Boundary between OOB and spurious domain limits should be applied according ITU-R SM.1539 recommendation
As stated above, the spurious emission limit submitted to WP5D [3] is the same as the general mask level for higher power (general purpose) BS. This implies that the boundary between OOB and spurious domain limits will be irrelevant, since there is no transition of levels. For smaller BS, it is possible that the mask level is smaller, but that would still make the transition not relevant. In case the transition would be to a tighter limit, the SEM concept may have to be reconsidered.
From a specification point of view, there should however be separate specifications of spurious emission and SEM and the boundary should be expressed according to ITU-R SM.1539 [5]. As can be seen in Table 1 below, the normal separation of 250% of the bandwidth (200% from channel edge) would apply for NR channel the bandwidths of up to 400 MHz.
Table 1: Excerpt from ITU-R SM.1539 [5].

	Frequency
range
	Narrow-band case
(BN  BL)
	Normal
separation
	Wideband case
(BN  BU)

	
	BL
	Separation
	
	BU
	Separation

	15 GHz  fc  26 GHz
	500 kHz
	1.25 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc  26 GHz
	1 MHz
	2.5 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz


· Frequency range up to 52.6 GHz should be covered
Based on limits the WP5D response [3] and the FCC [4] and assuming that the mask does not directly depend on ACLR (Proposal 2), the NR BS mask can be the same for all frequencies up to 52.6 GHz.
PROPOSAL 4: 
The Wide Area/General Purpose BS SEM should be the same for Frequency Range 2 frequencies up to 52.6 GHz.
Based on the discussion and Proposals 1 to 4 above the mask in Table 2 is proposed for Wide Area/General Purpose BS, where Δfboundary = 2 BWChannel.
Table 2: Proposed NR mask for Wide Area/General Purpose BS in Frequency Range 2
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 0.1 BWChannel
	-5 dBm
	1 MHz

	0.1 BWChannel ( (f < Δfboundary
	-13 dBm
	1 MHz

	((f  > Δfboundary)
	(Spurious domain limits)
	(1 MHz)


PROPOSAL 5: 
The Wide Area/General Purpose BS SEM in Table 2 is considered further for NR in Frequency Range 2.
4 Proposal
The following is proposed:
PROPOSAL 1: 
The Wide Area/General Purpose BS will have a fixed mask (independent of power level) based on the emission limits submitted to WP5D for the highest power level.
PROPOSAL 2: 
The SEM for NR will not be directly based on the ACLR values agreed for NR.
PROPOSAL 3: 
The SEM for an operating band should have the frequency offsets directly related to the channel bandwidth.
PROPOSAL 4: 
The Wide Area/General Purpose BS SEM should be the same for Frequency Range 2 up to 52.6 GHz.
PROPOSAL 5: 
The Wide Area/General Purpose BS SEM in Table 2 is considered further for NR in Frequency Range 2.
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