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Introduction
In RAN4#92, a way forward on emission mask [4] was agreed, it listed a number of options for applicable mask for NR-U single CC or wideband operation with failed LBT BWPs. In this contribution we discuss the different proposed alternatives from a UE capability prospective and make proposals for emission mask and ACLR selection.
Discussion
The alternatives in [4] are listed here for information:
· For single CC: NR SEM (1), ETSI mask (2), 802.11ac mask (4)
· For wideband operation with failed LBT BWPs: 802.11ax punctured mask (4), modified ETSI mask (5), variations across ETSI or 802.11 with different floor levels and OOB slopes (6 to 9)
· ACLR: range of ACLR for PC5 and PC3 25.5 to 30 dBc

Note that this contribution only discusses requirements for the UE side and BS may adopt different SEM and ACLR requirements
Spectral Mask for single CC or all BWP
As discussed in RAN1 and RAN4 meetings, the baseline operation for the UL is that the UE transmits only contiguous BWPs if all BWPs pass LBT (mode 1 Alt 1). In this context we must first look into the appropriate mask for a single CC. 
802.11ac Mask
Alternative 2 proposes to use 802.11ac mask, but ignore the fact that 802.11ax also has a single CC mask (often confused in our discussions as being the punctured mask). Figure 1 shows the subtle, but essential difference between 11ac and 11ax masks. The ac masks have a lower slope and only allows 18 MHz for allocations while the ax slope is sharper and has the same protection towards ac since the level is similar at 11 MHz (start of ac allocation in neighbor channel). This is fully understood because first 11ax has a smaller SCS 78 kHz (very similar to NR at 60 kHz) and second, ax has an SU > 90% (like NR).
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Figure 1: Comparison between 802.11ac and 802.11ax single CC masks
Observations:
· The ax mask is as good (even The ac mask allows an allocation BW of 18 MHz
· The ac mask allows an allocation of only 18 MHz in 20 MHz (1 MHz min guard-band)
· The ax mask allows a centered allocation of only 19.511 MHz centered in 20 MHz (0.245 MHz min guard band)
· NR 20 MHz, 15 kHz SCS, min guard band of 0.4525 MHz is compatible with ax mask but not with ac mask
· 11ax mask would allow up to 108RB of 15 kHz, 54RB of 30 kHz, 27RB of 60 kHz and be competitive with 802.11ax in term of SU at similar SCS.  

Proposal 1: If 802.11 based SEM mask is adopted for NR-U, it must be 802.11ax mask and 11ac shall not be adopted.
NR mask
The NR mask, in our opinion is not the best suited, especially for the NR-U interleaved waveform as it has a flat -25 dBm/MHz requirement at fixed 6 MHz offset that does not scale with bandwidth. Whereas other masks have a slope from the -20dBr point that may better account for the shape of the actual spectrum regrowth. This was especially evident in our measurements in [3] where the interleaved CP-OFDM measurement is reproduced in Figure [2].
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Figure 2: CP-OFDM 1RB interleaved waveform measurement with 802.11ax mask
ETSI mask
The ETSI mask, currently has the issue that the -20 dBr level offset scales with bandwidth which is not the case for the ac or ax mask.

Proposal 2 on SEM mask: 
· Adopt a modified ETSI mask where the -20 dBr point is at a fixed 1MHz offset that offers the same protection to incumbent technology in the 5 GHz band
· FFS if same mask is adopted for 6 GHz band but would be preferred
Mask for Failed LBT BWPs in Wideband operation
When it comes to the choice of the spectral mask for wideband operation with failed LBTs, it fully depends on the agreed LBT behavior for the UE. As discussed in our paper [6] for this meeting, we believe the baseline UE capability will be based on an “all or nothing” approach. Thus there isn’t a need for a specific mask for failed LBT parts and UE should be expected to use the mask corresponding to the scheduled full band.

Still, as discussed in the same paper, it should be feasible to define more advanced UEs that would support partial LBT transmissions. The mask choice should thus enable these future UEs. As a first criteria, when operating in wide-band operation, the OOB mask should be the same as the full band mask and thus adopt the same SEM slopes and ACLR definitions since most UEs will not be able to reconfigure their transmit path and especially their BB filter and DAC. As such for OOB it would rather behave like the 802.11ax mask.

With regard to the mask to apply in the gap, we have shown in [5] that the key issue for the UE when transmitting non-contiguous channels is not to meet the mask in the gap, but rather that significant back-of is needed to avoid failure of the OOB mask due to IMD3 products. Thus, we believe that non-contiguous UL transmissions should not be the focus of Release 16. Assuming that only contiguous transmissions are supported by NR-U UEs in Release 16, there would be only one transmission cluster. In that case, the mask may not need to be based on aggregating two masks like proposed in some alternatives. On the in-band edge of the contiguous successful LBT BWPs the slope can be as sharp as the 20 MHz case since windowing/filtering is applied. In that case IBE requirements could be reused.

In fact as discussed in last meeting, the main issue on the UE side for partial LBT contiguous UL transmissions is the image rejection of 28 dBc which in the case of asymmetric transmitted spectrum would fail some masks in the failed LBT BWPs. Some proposals have a 28 dBr floor in band that could accommodate this, but does not into account that the image may cumulate with a spectral regrowth of 27 dBc (if adopted for PC5). In that case, a 25 dBr floor is probably more useful. 

Adding all the above criteria, the desired mask corresponds to blue curve at the bottom of page 8 in [4] (hybrid 25dBr case) reproduced in Figure 3.

[image: ]
Figure 3: Desired -25 dBr emission mask for UE (blue curve)
Proposal 3 for failed LBT mask: The UE mask for failed LBT case must have the following features:
· -20 dBr point at 1MHz offset of successful LBT BWPs
· OOB mask slope equivalent to the full band mask
· In gap mask slope equivalent to full band mask with -25 dBr floor to accommodate UE image and 27 dBc ACLR
· Note that one exception to the mask may still be needed for carrier leakage
· For Release 16 UEs, a mask with non-contiguous transmissions is not necessary but an aggregated version of the above may be beneficial for future developments
ACLR for NR-U
As already been discussed in [1, 2, 3] to fully benefit from reusing the Wi-Fi PA that is already available in UEs it is essential (an agreed) to define a power class 5 UE with relaxed requirements. In [4] a 25.5 to 30 dBc range is suggested for ACLR. In [2] it was shown that a fully allocated DFT-s-OFDM QPSK waveform just meeting the 802.11ax mask would have an NR ACLR better than 27 dBc at 21dBm antenna power (assuming 5 dB post PA losses). It is to be noted that relaxing ACLR is justified since LBT is anyhow performed in UL.

With 27 dBc ACLR limit for PC5 (20 dBm), the interference for coexistence is the same absolute level as for LAA PC3 (23 dBm and 30 dBc ACLR) and offers the same coexistence performance as 11ac and 11ax.

With the same reasoning, to match LAA performance level, a PC3 NR-U UE power class should target 30 dBc ACLR at least in the 5 GHz band. On top of requiring 3 dB higher power this requires 1 dB higher linearity thus a “4 dB” scaling vs PC5 with 27 dB ACLR. Also it must be understood that the PC3 vs PC5 gain in UL range will be limited since it relies on interleaved waveforms which will see higher MPR for PC3 than PC5 due to 3dB higher ACLR but also AMPR to meet in channel dBm/MHz absolute power in some regions and sub-bands. Nevertheless, if PC3 is implemented with two PC5 PAs in 2x2 UL MIMO or transparent TX diversity the penalty is only 1 dB and thus can be implemented in high end smartphones that often support Wi-Fi 2x2 UL MIMO in 5GHz band.

Observations:
· PC3 range benefit vs PC5 is lower in NR-U vs NR as interleaved waveforms suffer from higher MPR/AMPR for PC3 than PC5
· It is possible to alleviate this issue by optionally supporting PC3 using two PC5 PAs
· 27 dBc ACLR for PC5 allows to match coexistence performance for 3GPP or non-3GPP 5GHz incumbent technologies

Proposal 4 on ACLR:
· PC5 uses NR ACLR with a level of 27 dBc in 5 GHz and 6 GHz bands
· PC3 uses NR ACLR with a level of 30 dBc in 5 GHz band
· FFS if same PC3 definition is used 6 GHz band
Conclusions
In this contribution, we examine the different alternatives for NR-U emission masks and ACLR requirements. Based on the analysis of the UE benefits and network performance, we make the following proposals.

Proposal 1: If 802.11 based SEM mask is adopted for NR-U it must be 802.11ax mask and 11ac shall not be adopted.

Proposal 2 on SEM mask: 
· Adopt a modified ETSI mask where the -20 dBr point is at a fixed 1 MHz offset that offers the same protection to incumbent technology in the 5 GHz band
· FFS if same mask is adopted for 6 GHz band but would be preferred

Proposal 3 for failed LBT mask: The UE mask for failed LBT case must have the following features:
· -20 dBr point at 1 MHz offset of successful LBT BWPs
· OOB mask slope equivalent to the full band mask
· In gap mask slope equivalent to full band mask with -25 dBr floor to accommodate UE image and 27 dBc ACLR
· Note that one exception to the mask may still be needed for carrier leakage
· For Release 16 UEs a mask with non-contiguous transmissions is not necessary but an aggregated version of the above may be beneficial for future developments

Proposal 4 on ACLR:
· PC5 uses NR ACLR with a level of 27 dBc in 5 GHz and 6 GHz bands
· PC3 uses NR ACLR with a level of 30 dBc in 5 GHz band
· FFS if same PC3 definition is used 6 GHz band
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