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1. Introduction
During RAN4#90 and RAN4#90bis meeting held in Athens and Xi’an discussions on NR unlicensed (NR-U) work item [1] have been ongoing. One of the topics discussed is wideband operation including both contiguous and non-contiguous spectrum with several contributions [2-9]. At the RAN4#90bis meeting the discussions resulted in an LS response to RAN1 [10] stating the following:
	[bookmark: _Hlk7012434]RAN4 has discussed NR-U single wideband carrier operations. The following agreements apply at least for DL wideband carrier operation. RAN4 will discuss UL wideband carrier transmissions in future.

· It is feasible to operate single carrier wideband operation when LBT is successful in all LBT sub-bands
· FFS whether guardbands 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 guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband 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 guardband 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 guardband of two contiguous LBT sub-bands are scheduled by gNB.




This contribution will address the FFS point high-lighted above, focused on downlink operation.    
2. Discussion

A regulatory summary for NR-U is captured in section 4 of TR 38.889 [11] with requirements mainly related to the 5 GHz band, 5150-5925 MHz, or parts thereof. One aspect not clearly covered in TR. 38.889 is the emission requirements in the case where LBT[endnoteRef:1] fails in one or more of the LBT sub-bands as depicted in Figure 1. [1:  Note that LBT (Listen Before Talk) at least in this text corresponds to CCA (Clear Channel Assessment).] 
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[bookmark: _Ref7168911]Figure 1  Wideband carrier operation for NR-U on a BWP of 80 MHz with LBT performed on each 20 MHz LBT sub-band. In this example, LBT fails in 1 out of 4 defined LBT sub-bands
In the ETSI harmonized standard for 5GHz [12] a clause is stated for non-adjacent channels which could be applied to the scenario depicted in Figure 1. This is if the two 20 MHz contiguous LBT sub-channels are seen as one channel and the remaining 20 MHz LBT sub-channel as another. The clause states that:

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 2 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.

The clause refers to a transmit spectral power mask which is included here as Figure 2.  
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[bookmark: _Ref7181045]Figure 2 Transmit spectral power mask [12]


Further explained, in relation to Figure 2 in [12], is that:

· The mean Power Density (measured with a 1 MHz measurement bandwidth) of the transmitter unwanted emissions within the 5 GHz RLAN bands shall not exceed the limits of the mask provided in figure 1 or an absolute level of -30 dBm/MHz, whichever is greater. 
· The limits in figure 1 are relative to the maximum Power Density of the RLAN device when measured with a reference bandwidth of 1 MHz.
· The mask is only applicable within the band of operation. Beyond the band edges the requirements are -30 dBm when measured with a reference bandwidth of 1 MHz.
· For transmitter unwanted emissions within the 5 GHz RLAN bands, simultaneous transmissions in adjacent channels may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels used simultaneously.

Observation 1: 	The emission mask given in the ETSI harmonized standard for 5 GHz could be applied for both the contiguous and non-contiguous LBT sub-band scenarios.  
If the ETIS harmonized emission mask for 5 GHz is to be applied to the example shown in Figure 1 the emission mask would present itself as the blue and red curves shown in Figure 3. 
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[bookmark: _Ref7426395]Figure 3 ETSI emission mask applied to a LBT scenario with one failed 20 MHz LBT sub-band in a 80 MHz BWP.
The blue curves in Figure 3 present the mask for the two succeeded contiguous LBT sub-band combinations. The combined mask is shown with the solid blue line. The red curve presents the requirements for the other party utilizing the failed LBT sub-band. 
In Figure 3, in the left, it can be noted that the emission mask outside of the wideband carrier (operation band) is illustrated as -30 dB. It is a result of the requirement of an out-of-band (OOB) absolute level of -30 dBm when measured with a reference bandwidth of 1 MHz.
Figure 4 shows the emission mask in the case of two out of four LBT sub-bands succeed. 
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[bookmark: _Ref7428353]Figure 4 ETSI emission mask applied to a LBT scenario with two failed 20 MHz LBT sub-band in a 80 MHz BWP.
From Figure 3 and Figure 4 it is clear that adopting the ETIS harmonized emission mask for 5 GHz changes the requirements on the LBT sub-band edges dependent on LBT outcome. This might need to be taken in to account when designing guard bands. The guard bands between LBT sub-bands could be deployed as unscheduled resources blocks (RBs) thus not needing to adapt filter settings.
 Observation 2: 	Applying the ETSI harmonized standard for 5 GHz would mean different requirements on the LBT sub-band edge dependent on LBT outcome.  
It should be noted that the emission masks in Figure 3 and Figure 4 do not take in to account the ETIS harmonized requirement of an absolute level of -30 dBm, when measured with a reference bandwidth of 1 MHz. This absolute level also applies outside of the operation band.  
[bookmark: _Hlk7603676]Observation 3: 	Following the ETSI harmonized standard for 5 GHz, an in-carrier emission mask could be defined together with a requirement of an absolute level of maximum -30 dBm/MHz for NR-U.  
During the RAN4#90 meeting held in Athens, a WF for BS RF requirements was agreed [13]. In this, it is suggested to reuse the 35 dB ACLR requirement of LAA for the single 20 MHz LBT sub-band. As DL operation is mainly focused on the BS transmission and it was shown in [9] that this requirement could be met in this scenario also with multiple and non-contiguous LBT sub-bands an ACLR requirement of 35 dB could be suggested for DL.
Observation 4: 	Following the requirement for BS in LAA a ACLR of 35 dB could be reused at least for the single 20 MHz LBT sub-band and perhaps also in DL for multiple LBT sub-bands.  
However, it was noted during the RAN4#90bis meeting held in Xi’an that for the case of multiple LBT sub-bands this requirement might be too strict when comparing to the current implementation of e.g. WiFi 802.11ax. 
For WiFi 802.11ax a requirement of only -20 dBr have been defined for the gap between LBT sub-bands  [14] as illustrated in the scenario in Figure 3 for the failed LBT sub-band. The resulting emission mask is presented in Figure 5 where N is the number of 20MHz failed LBT sub-bands (Punctured channels in WiFi terminology).  

[bookmark: _Ref7512741]Figure 5 Example transmit spectral mask for the N×20 MHz preamble punctured channel with transmissions on both upper and lower sub-channels [14].
From Figure 5 and in Figure 6 it is seen that the emission outside the succeed LBT sub-bands states that it should be less than or equal to -20dBr (dB relative to the maximum spectral density of the signal) starting 0.5MHz from the boundary of the LBT sub-band. This means that the rule applies to both the contiguous (mode 2) and non-contiguous case (mode 3) shown in Figure 4 and Figure 3. 
Observation 5: 	Following the WiFi (ax) in-carrier emission mask could be defined also for NR-U.  


[bookmark: _Ref7526157]Figure 6 Example transmit spectral mask for the N×20 MHz preamble punctured channel with transmissions on the lower sub-channel [14].
When comparing the requirements of the emission masks presented in Figure 2 and Figure 5 it is evident that by applying the WiFi mask, the ETSI requirements would not be meet if this is applying in the gap of failed LBT sub-bands. However, at least for the scenario shown in Figure 3 the difference is in the order of a few dBs.  

Observation 6: 	Applying the requirements for WiFi (ax) in the gap of failed LBT sub-bands could mean not meeting the requirements of the ETSI harmonized standard for 5 GHz.  
If the ETSI harmonized standard for 5GHz does apply also for the gap of failed LBT sub-bands then WiFi ax type equipment will have problems meeting conformance in Europe. As a result, it might be needed to send an LS to ETSI to clarify this.

Proposal 1: 	Sending an LS to ETSI about the application of the emission mask given by the ETSI harmonized standard for 5GHz also in the gab consisting of failed LBT sub-bands.  
The LS for ETSI could include explanatory figures also presented in this contribution. 
3. Conclusion
This contribution mainly focuses on what requirement should be defined for the in-carrier leakage, meaning the unwanted emission in the gap created in the BWP consisting of failed LBT sub-bands in both the contiguous (mode 2) and the non-contiguous (mode 3) case.
Observation 1: 	The emission mask given in the ETSI harmonized standard for 5 GHz could be applied for both the contiguous and non-contiguous LBT sub-band scenarios.  
Observation 2: 	Applying the ETSI harmonized standard for 5 GHz would mean different requirements on the LBT sub-band edge dependent on LBT outcome.  
Observation 3: 	Following the ETSI harmonized standard for 5 GHz, an in-carrier emission mask could be defined together with a requirement of an absolute level of maximum -30 dBm/MHz for NR-U.  
Observation 4: 	Following the requirement for BS in LAA a ACLR of 35 dB could be reused at least for the single 20 MHz LBT sub-band and perhaps also in DL for multiple LBT sub-bands.  
Observation 5: 	Following the WiFi (ax) in-carrier emission mask could be defined also for NR-U.  
Observation 6: 	Applying the requirements for WiFi (ax) in the gap of failed LBT sub-bands could mean not meeting the requirements of the ETSI harmonized standard for 5 GHz.  

Proposal 1: 	Sending an LS to ETSI about the application of the emission mask given by the ETSI harmonized standard for 5GHz also in the gab consisting of failed LBT sub-bands.  
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