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1 Background
In its response to the RAN1 LS on wideband NR-U operation [1], RAN4 informed RAN1 that for
· 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 gaurdband of two contiguous LBT sub-bands are not scheduled by gNB.

· FFS filter adaptation time if PRBs within the gaurdband 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.

and for 

· 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 gaurdband 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).

although there was not RAN4 consenus on the use of the wording “feasible”. For mode 2 and mode 3 we make the interpretation that  “feasible” is conditioned on the use of the Wi-Fi preamble punctured channel emissions mask. The modes are illustrated in Figure 1: for mode 1 all blocks successful, for mode 2 contigous blocks within the wideband carrier and mode 3 non-contigous blocks.
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Figure 1: the modes of operation for wide-band NR-U
Feasibility with or without scheduled gaps is challenging to assess without agreed RAN4 radio requirements, but regulatory requirements must be met at any rate. The LS response suggests that RAN4 has used Wi-Fi preamble-punctured channel mask as a baseline, but this is actually not compliant with the ETSI mask required for operations in Europe as we shall see first. We then consider scheduling of the internal guard bands both from a TX and RX perspective. 
2 The spectrum emissions mask in the ETSI EN harmonized standard

Compliance with the ETSI harmonized standard EN 301 893 means that 5 GHz products can be put on the market in Europe. Other regions may have different provisions with relaxed requirements, but international recommendations e.g. the general ITU-R Rec. M.1450-1 on WAS/RLAN characteristics also recommends this mask albeit only in the 20 MHz version. 
The spectrum mask requirements in the latest official version of the ETSI standard are as follows, from an excerpt of EN 301 893 v2.1.1 with comments and highlights inserted:
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Figure 1: Transmit spectral power mask

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.
< emissions are specified down to -30 dBm/MHz >

The mask is only applicable within the band(s) of operation. Beyond the band edges the requirements for Transmitter unwanted emissions outside the 5 GHz RLAN bands  apply.

In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet the limits provided in figure 1.
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.
< From an emissions perspective, simultaneous transmissions in aggregated/bonded operating channel (each of 20 MHz channel bandwidth) can be considered as one wide bandwidth. Hence if an 80 MHz bonded channel falls back to a 40 MHz bandwidth due to LBT failure, then the emission bandwidth is also reduced. >

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.
Hence for the wideband case, the spectrum mask must be met using emission bandwidths for all the contiguous sets of operating channels for which LBT is successful. Each of the active BWP is part of the emission bandwidth and an operating channel, not the BWPs for which the LBT has failed. 
The 3GPP requirements on unwanted emissions outside the carrier would apply for the channel bandwidth, i.e the entire wideband channel for wideband NR-U, but the ETSI standard is based on 20 MHz operating channels that can be aggregated from an emission perspective. This implies that in-band requirements must be specified for the wideband requirements (and DFS requirements would apply for each 20 MHz segment within the carrier).

For Mode 2 the ETSI mask would be scaled with the bandwidth of the successful LBT block, which implies an emission limit tighter than the Wi-Fi punctured channel mask; likewise for Mode 3 for which the ETSI requirements means that the overall mask is the envelope of the spectral masks assessed resuling in a tighter requirement. 
We make the following

Observation 1: equipment only compliant with the Wi-Fi preamble-punctured channel emissions mask is not compliant with the ETSI harmonised standard for neither Mode 2 nor Mode 3. 
For the UE, regional requirements can be accommodated by NS signalling (NS_28 is used for LAA operation in Europe), but the BS does not have a similar functionality (declaration).

3 Internal guard bands and spectrum emissions
From the above it is evident that the ETSI mask is tighter than the Wi-Fi preamble-punctured mask except for close in-emissions near the active channel in case the emission bandwidth exceeds 20 MHz. In fact, the former mask requires -20 dBr at a 0.5 MHz offset whereas the ETSI requirement on the attenuation is the same but scaled in frequency with the number of contiguous operating channels. Scheduling of the internal guard bands will obviously increase the close-in emissions; RAN4 in its reply LS nevertheless included statements on feasibility of compliance with the Wi-Fi mask when the internal guard bands are not scheduled. 
There was RAN4 consensus that the outer guard bands of successful LBT blocks should not be scheduled for compliance with the Wi-Fi mask at any rate. The need for other restrictions, like power reductions, is still open.
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Figure 2: the Wi-Fi preamble-puctured channel emissions mask.
Another open question is the spectral utilization of the wideband carrier notwithstanding any scheduling of the internal guard bands/gaps. Should the spectrum utilization be applied to the wideband carrier or the successful LBT blocks? This is also relevant for the specifications of the RAN4 requirements that normally apply for the channel bandwidth, i.e. the entire wideband channel. Now, the internal guards are fairly constant for bandwidths above 20 MHz, Table 1 shows the internal guards for channel bandwidths used in FR1.

Table 1: internal channel guard bands for FR1
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370


 (Simulations results for spectral emissions will be provided in an updated version of this contribution.)
It is also noted that solutions based on carrier aggregation must be compliant with the same requirements, but then without additional filter/windowing adaptation requirements.
4 Receiver selectivity and internal guard bands
The receiver selectivity requirements will also be improved if guard bands are not scheduled, e.g. for rejection of external interferers within non-successful LBT blocks. Moreover, if mixed numerology is used in between LBT blocks additional filtering/windowing would be needed between BWPs in different successful LBT blocks, both on the transmitter and receiver side.
The 3GPP receiver requirements are specified w r t the channel bandwidth, which suggests that selectivity requirements will be set w r t the entire wide-band channel. However, the actual resilience to in-channel interferers will depend on use of the internal guard band.
Two possible UE receiver implementations are shown in Figure 3, relevant for both wideband and carrier aggregation operations (although the single LO architecture may be more likely for wide-band operations with RX1 and RX2 different LBT blocks). Both of these operational modes would use common FFTs for all or a group of channels. The rejection of interferers outside the aggregated channels/blocks would be improved with the dual LO architecture but for in-channel rejection any analogue rejection is limited.
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Figure 3: two UE receiver architectures for aggergated channel.
The FFT provides rejection of interferers in addition to any filtering/windowing. Figure 4 shows the FFT selectivity for interferers off the SC grid for 15 kHz and a 20 MHz channel (similar behaviour for other SCS). It is evident that the internal guard band improves the selectivity.
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Figure 4: FFT selectivity.
We make the following observation
Observation 2: receiver selectivity and in-channel rejection within LBT sub-blocks are improved if the internal  guard bands at the edges of contigous blocks are not scheduled regardless of receiver architecture.
Mixed numerology may also require increased guard bands between BWP.
5 DFS requirements

Finally we observe that DFS requirements apply in most (all) regions. The DFS requirements are evaluated per 20 MHz operational channel. If presence of radar is detected then certain LBT blocks may have to be deactivated. However, this behaviour is perhaps not a RAN4 headache.
6 Conclusions
In this contribution we make the following observations:

Observation 1: equipment only compliant with the Wi-Fi preamble-punctured channel emissions mask is not compliant with the ETSI harmonised standard for neither Mode 2 nor Mode 3. 
Observation 2: receiver selectivity and in-channel rejection within LBT sub-blocks are improved if the internal  guard bands at the edges of contigous blocks are not scheduled regardless of receiver architecture.
The FFS in the RAN4 reply [1] should be further evaluated, but we note that while receiver degradations can be considered the regulatory transmitter requirements must be met (in Europe there are also regulatory receiver requirements but they may not be applicable for in-channel rejections). Compliance with the latter is facilitated if internal guard bands of the successful LBT blocks are not scheduled.
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