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1 Background
In this contribution we propose a general spectrum emission mask (SEM) and a SEM for WB1 and WB2, i.e. multi-channel operation in terms of the 20 MHz LBT bandwidth. The gerenal mask is a based on the single-carrier SEM proposed in [1], while the proposed wideband mask and  non-contigous DL transmission is a modification of the the SEM proposed in [2]. 

The proposal is intended for both the BS and the UE.

2 General spectrum emission mask

It is tempting to use the general NR mask also for NR-U but is it not relevant for the unlicensed 5 GHz band.

The NR SEM concept was copied from the corresponding for E-UTRA SEM that is based on regulatory requirements for licensed cellular bands (FCC part rules and limits for UTRA Band I). There was no attempt tailoring the general mask to the actual transmitter emissions due to the difficulties of multiple bandwidths, but with some consideration of worst-case emissions close-in to the wanted channel. The actual transmitter emissions for different bandwidths were instead assumed to be captured by the ACLR that is also used for coexistence studies. In order to cover cases in which the regulatory requirements were not met with the general mask, additional spectrum emissions masks were defined.

Instead of the general NR mask, we propose a mask similar to the mask in the ETSI EN 301 893 as shown in Figure 1, the attenuation at the offset N from the carrier frequency (N the nominal channel bandwidth) 25 dB or 28 dB depending on decisions at ETSI and evaluations of MPR for interlaced transmissions.

The proposed mask is relative to the maximum PSD within the occupied bandwidth, but should be capped at -30 dBm/MHz: the unwanted emissions level is given by the proposed mask with a 1 MHz reference or -30 dBm/MHz whichever is higher. The -37 dBr minimum level would apply to a 20 dBm power class assuming that the PSD is flat assuming that transmissions are capped at 20 dBm/MHz to meet the 23 dBm EIRP requirement.

The proposed mask is also similar to the OFDM transmission mask from ITU-R Recommendation M.1450-5 for broadband RLAN in the 5 GHz range and (almost) consistent with the mask in the ETSI EN 301 893 [4]. This would also mean that the general NR-U mask would be similar to the relative spectrum masks specified for IEEE 802.11-2016 and the amendment for 802.11ax, which would be beneficial for achieving fair coexistence (the mask is capped at -53 dBm/MHz for 802.11ax). 
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Figure 1: general spectrum mask for Band n46.

Proposal 1: for the general SEM a relative mask similar to the ETSI mask (EN 301 893 version 2.1.1) or a -30 dBm/MHz absolute limit whichever is the greatest.
The general NR mask is absolute and considerably more relaxed (-13 dBm/MHz and -25 dBm/MHz absolute levels). It should be remarked that this mask is not devised for co-existence, which is ensured by the NR ACLR requirement of 30 dBc. The proposed mask is also consistent with the ITU-R Recommendation M.1450 (using the -28 dB knee in Figure 1).
3 SEM for wideband operations and non-contiguos DL transmissions
In an earlier proposal [2] the SEM for wideband operation is constructed from the single-carrier SEM like the ETSI mask:

First, a mask as provided […] 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. 

for contiguous and non-contiguous transmissions. Moreover, it wasproposed that a the mask thus obtained would be relaxed to allow implementations using a single IFFT and common upconversion. IQ imbalance could be accommodated by allowing a -28 dB or -25 dBr floor across failed LBT sub-bands as detailed in Figure 2.
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Figure 2: spectrum mask for NR-U wideband operation with a floor to accommodate IQ imbalance.

A -25 dB relative level may be needed to accommodate both spectral regrowth and IQ imbalance for non-contugous transmissions as indicated in Figure 3 for a non-contiguous case, see [3] for details on the simulation assumptions. We note that the composite mask is violated in the punctured channel, and additional backoff would also be needed for reduction of the IM3 products outside the channel.
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Figure 3: [1 0 1 0] arrangement for WB2 without digital channel filters.

We reiterate this in

Proposal 2: a -25 dB or -28 dB floor relative is specified witin a wideband carrier or within a configured aggegated 20 MHz carriers for CA.
For the OOBE outside a wideband carrier aggegated 20 MHz carriers we propose that the mask is determined by the envelope of the transmitted carriers irrespective if these are contiguous or non-contigous. In the original proposal discussed above, the mask would look like in Figure 4 assuming a -28 dB floor
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Figure 4: multi-channel operation of 80 MHz total bandwidth with two active non-contiguous channels (the -40 dB level below -30 dBm/MHz).

From Figure 3 it is obvious that this mask would not be met without significant power backoff. Using the envelope of the transmitted carrier, the mask would be more relaxed as shown in Figure 5.
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Figure 5: a less stringent mask for multi-channel operation of 80 MHz total bandwidth with two non-contiguous channels spanning 60 MHz.

Hence the emission limit outside the non-contiguous operating channels spanning a bandwidth of “n” times the nominal channel bandwidth (n = 3 in Figure 5) is the same as the mask for contiguous operating channels occupying “n” times the nominal channel bandwidth irrespective of the non-contiguous operation. This would be a compromise between the mask in Figure 4 and a mask always governed by the total multi-channel bandwidth (80 MHz) regardless of the number of operating (20 MHz) channels. However, if one of the two operating channels in Figure 5f fails the LBT in the next COT, then the mask in Figure 6 applies. The mask is based on the transmitted sub-bands, not the configured.
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Figure 6: multi-channel operation of 80 MHz total bandwidth with one active channel (the -40 dB level greater than or equal to -30 dBm/MHz).

Figure 6 shows a comparison between the cases in which the mask is determined by the configured carriers (blue) or transmitted carriers (green) for one transmitted sub-band carrier. For the former the ACLR within a 80 MHz adjacent carrier is 20 dBc while it is reduced to 26 dBc in the latter. For the first adjacent 20 MHz carrier the results are 22 dBc for the former (blue) and above 26 dBc for the latter.
[image: image7.png]-20dB --

2548 -
28dB -

-40dB

Multi-channel operation (victim) Multi-channel operation (aggressor)
] I
N

PSD,

N 20 MHz




Figure 6: comparison between a mask defined by configured carriers (blue) and transmitted carriers (green).

This method would be consistent with European regulation. The boundary between the out-of-band domain and the spurious domain is in international regulation set at 250% of the necessary bandwidth above and below the centre frequency of the emission. The spectrum emission mask is normally confined to the out-of-band domain. For a single-carrier system, the interpretation of the 250%-rule is straight-forward, while it becomes more convolved for multicarrier operation, such as in Wideband operation.

European regulation has provisions also for multicarrier systems in ERC Recommendation 74-01 (URL) in the definition of spurious domain and out-of-band domain. The following is an excerpt from ERC Recommendation 74-01:

A2.2 Boundary between the out-of-band and spurious domains for multicarrier transmitters

A multicarrier transmitter is intended to operate only within a single contiguous allocation to a service and application.

For base stations and mobile stations in the mobile service with multicarrier transmitters, the transmitter bandwidth is used instead of the necessary bandwidth for determining the boundary between the out-of-band and spurious domains. In the context of multicarrier base stations and mobile stations in the mobile service, the transmitter bandwidth is defined as the width of the frequency band covering the envelope of the transmitted carriers, which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions for all transmitted carriers.

…

For wideband operation, this is interpreted as the necessary bandwidth being the full transmission bandwidth. The mask should in this case be scaled with the transmission bandwidth that covers all transmitted carriers.

Proposal 3: for transmissions of multiple LBT sub-bands the mask is based on the envelope of the transmitted carrier regardless if the transmitted sub-bands are contiguous or non-contigous. The mask is not based on the configured channel bandwidth.
4 Proposal
We propose 
Proposal 1: for the general SEM a relative mask similar to the ETSI mask (EN 301 893 version 2.1.1) or a -30 dBm/MHz absolute limit whichever is the greatest.
Proposal 2: a -25 dB or -28 dB floor relative is specified witin a wideband carrier or within a configured aggegated 20 MHz carriers for CA.
Proposal 3: for transmissions of multiple LBT sub-bands the mask is based on the envelope of the transmitted carrier regardless if the transmitted sub-bands are contiguous or non-contigous. The mask is not based on the configured channel bandwidth.
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