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	Introduction
In RAN4 #90bis, RAN-4 has discussed NR-U single wideband carrier operations and the agreements were captured in [1]. These agreements are summarized below:
· It is feasible to operate single carrier wideband operation when LBT is successful in all LBT sub-bands
· FFS whether guard bands are needed in between LBT sub-bands or not
· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guard bands of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guard bands of two contiguous LBT sub-bands are scheduled by gNB.
· Is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.
· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· Is feasible at least if PRBs within the guard bands of two contiguous LBT sub-bands are not scheduled by gNB. 
· Is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the guard bands of two contiguous LBT sub-bands are scheduled by gNB.
One key factor in determining the feasibility of a single wideband carrier for modes 2 and 3 is the regulatory and regional emission requirements as it relates to the in-carrier and blocking limits and the impact to incumbent technologies in 5 GHz.  
In the work item description [2], “the NR-U design should enable fair coexistence between already deployed Wi-Fi generations and NR-U, between NR-U and LTE-LAA, and between different NR-U systems in the 5 GHz band.  NR-U should not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. This should be ensured by following the recommendations on channel access in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1).”
This paper intents to highlight some of the technical considerations that need to be studied to determine which emission requirement limits shall apply for successful co-existence of NR-U wideband with incumbent technologies in 5 GHz
	Discussion
In this paper, we review the various masks to identify the impact to co-existence with current incumbents in the 5 GHz bands and NR-U. This includes Wi-Fi 802.11ac.
1.1 [bookmark: OLE_LINK17][bookmark: OLE_LINK18]ETSI Emission Mask
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Fig1: ETSI 5GHz transmission mask [3]

In Figure1, the ETSI emission mask limits as the channel bandwidth increases, the -20dbr limit widens.  
· For 20 MHz channel bandwidth, the -20 dbr limit is 11 MHz
· For 40 MHz bandwidth, the -20dbr limit is 22 MHz  
· For 80 MHz channel bandwidth, the -20 dbr limit s is 44 MHz

Observation1: With the ETSI mask, the emission limits become relaxed as the bandwidth widens. Companies are encouraged to run simulations to determine the impact of the emission mask limit relaxation for wider bandwidth to determine the impact to existing incumbents in 5GHz.

Above mask is for contiguous transmission. For simultaneous transmission on non-contiguous channels (also referred to as transmission on “non-adjacent channels” in ETSI BRAN), the following mask from [3] section 4.2.4.2.2 is required:
"For simultaneous transmissions in multiple non-adjacent channels, the overall transmit spectral power mask is constructed in the following manner. First, a mask as provided in figure 1 is applied to each of the channels. Then, for each frequency point, the greatest value from the spectral masks of all the channels assessed shall be taken as the overall spectral mask requirement at that frequency."

This clause would result to overlapping masks where on the punctured channel(s) the maximum of the adjacent masks is the overall spectral mask requirement. 











1.2 802.11ac Mask



















Figure 2 Spectral Emission Mask for 802.11 ac 20 MHz, 40 MHz, 80 MHz and 160 MHz channel bandwidths [IEEE 802.11-2016]

Using the 802.11ac mask or a tighter mask will ensure that NR-U should not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. 

Observation 2: Using the 802.11ac mask or a tighter mask will ensure that NR-U would not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. 




1.3 802.11ax Preamble punctured Mask

According to the NR-U WID [2], RAN4 should consider deployed WI-FI generations. From this perspective, 802.11ax devices are not considered in the NR-U WID. However, since 802.11ax technology has punctured preamble transmission mask we discussed it on this paper for sake of completeness. 802.11ac does not have punctured preamble transmissions.

For 802.11ax preamble punctured, the signal leakage to the punctured channel from the occupied sub channels shall be less than or equal to –20 dBr starting 0.5 MHz from the boundary of the punctured channel. (Denote the number of 20 MHz punctured channels by N). 
An example transmit spectral mask for an N×20 MHz punctured channel with transmission on both upper and lower sub channels is shown in figure 3.
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Figure 3 Transmit spectral mask for an N×20 MHz preamble punctured channel with transmission on both upper and lower sub channels [IEEE 802.11ax Draft 4.0]

In figure 3, OOBE in the punctured sub-channel ≤-20dBr, whereas in standard 11ax mask shown in figure 2 the OOBE is required to be -20dBr and less (-28 dBr and -40dBr). This could be harmful to existing incumbents in 5 GHz and not recommended.

Example of ETSI transmission mask for non-contiguous transmission 
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Figure 4: ETSI transmission mask for an 80MHz channel with a 20MHz punctured channel

Figure 4 shows an example of transmission on an 80MHz channel with a punctured 20MHz channel. The required ETSI transmission mask is shown in red which would be several dB less that -20dBr. The IEEE 802.11ax preamble punctured transmission mask requires a -20dBr mask on the punctured channel. There IEEE 802.11ax preamble punctured mask could be several dB looser than the required ETSI mask. Note that Figure 3 is for the exemplary 80MHz transmission, and the shown ETSI mask would be different depending on the bandwidth of the adjacent non-punctured channel and the bandwidth of the punctured channel.  

Observation 3: For 802.11ax preamble punctured mask, the signal leakage to the punctured channel from the occupied sub channels is less than or equal to –20 dBr. 
· This mask does not seem to comply with ETSI mask for transmission on non-adjacent channel. 
· This mask could be harmful to existing incumbents in 5 GHz and therefore is not recommended.
· 
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Observation 4: Currently, there are no 11ax preamble punctured feature in Wi-Fi 6 wave one. Discussions on the next generation Wi-Fi 6 wave two has not started; therefore it is not expected in a foreseeable future to have certified 802.11ax devices with this feature. 

Conclusions  
In this paper, we have demonstrated the impact of the various regulatory and regional emission mask limits and their possible impact to current incumbents in 5 GHz
Observation1: With the ETSI mask, the emission limits become relaxed as the bandwidth widens. Companies are encouraged to run simulations to determine the impact of the emission mask limit relaxation for wider bandwidth to determine the impact to existing incumbents.

Observation 2: Using the 802.11ac mask or a tighter mask will ensure that NR-U would not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. 

Observation 3: For 802.11ax pre-ambled puncture mask, the signal leakage to the preamble punctured channel from the occupied sub channels shall be less than or equal to –20 dBr. This will be very harmful to existing incumbents in 5 GHz and not recommended.

Observation 4: Currently, there are no 11ax preamble punctured feature in Wi-Fi 6 wave one. Discussions on the next generation Wi-Fi 6 wave two has not started; therefore it is not expected in a foreseeable future to have certified 802.11ax devices with this feature. 


We encouraged companies to provide simulations with these masks and provide conclusions before deciding the emission mask limits for NR-U wideband to minimize the impact of NR-U single band wideband operation with existing incumbents in 5 GHz


[bookmark: _References]References
[1] R4-1905206	NR-U Ad Hoc minutes
[2] RP-182878 	New WID on NR-based Access to Unlicensed Spectrum
[3] ETSI EN 301 893, “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU”


image3.png
PSD.

70 81 180

Figure 21-32—Example transmit spectral mask for 160 MHz mask PPDU
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Figure 21-31—Example transmit spectral mask for 80 MHz mask PPDU
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Figure 21-29—Example transmit spectral mask for 20 MHz mask PPDU
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Figure 21-30—Example transmit spectral mask for 40 MHz mask PPDU
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Figure 21-32—Example transmit spectral mask for 160 MHz mask PPDU
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Figure 21-31—Example transmit spectral mask for 80 MHz mask PPDU
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Figure 21-29—Example transmit spectral mask for 20 MHz mask PPDU
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Figure 27-52—Example transmit spectral mask for the Nx20 MHz preamble punctured chan-

nel with transmissions on both upper and lower subchannels
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Figure 21-30—Example transmit spectral mask for 40 MHz mask PPDU




