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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#82, the WID [1] of NR-based Access to Unlicensed Spectrum was approved. One of the objective is to specify the wideband operation procedure in RAN1 and RAN4. 
· RAN1
· Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz). [RAN1]

· RAN4
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 2). [RAN4]
In RAN1 Ad Hoc meeting 1901[2], RAN1 decided to adopt both option 2 and option 3 in DL BWP as following.
Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontinuous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.
A liaison [3] was sent to RAN4 on the following two issues when wideband carrier larger than 20MHz is configured. 
· RF leakage on the LBT subband where LBT fails
· Interference received on the LBT subband from the nodes of same/different RAT, potentially causing blocking
After RAN1#95, a reply from RAN4 [4] was received.
· RAN4 understands that there are potential challenges to define such requirements for some of the transmission options as shown in the LS (more than 20MHz transmission bandwidth when LBT fails in any “internal” LBT sub-band in the transmission bandwidth). However, for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. RAN4 will study all these further in future meetings.
In this contribution, we provide our views on RF requirement.  The contribution is a revision of R1-1901257.
RF leakage 
[bookmark: _Ref528079268][bookmark: _Ref129681832]For both option 2 and option 3, it is possible that one or multiple of continuous or non-continuous LBT subband(s) may not be used either due to LBT failure or gNB not scheduling on the corresponding LBT subband(s). As well as the scenario that the unused LBT subband located in the middle of the carrier bandwidth as plotted in [3], the unused LBT subband may also located at edge carrier bandwidth as illustrated in Figure 1. Different from licensed band, the level of RF leakage on these unused LBT subband(s) might affect other nodes with same or different RAT using these LBT subband(s). The higher the power leakage on the unused LBT subband(s) is, the more probable the other nodes cannot use these LBT subband(s) due to LBT failure. The ongoing communication on these LBT subband(s) might also suffer from higher interference from adjacent channels. The inband leakage issue occurs for both options when a serving cell with bandwidth larger than 20MHz is configured.


[bookmark: _Ref528314171]Figure 1 Unused LBT subband at the edge of carrier bandwidth  
In 802.11ax [5], similar situation occurs when preamble puncturing mode is enabled in HE MU PPDU for DL OFDMA transmission. It allows AP to transmit on the remaining of configured 80MHz or 160MHz channel bandwidth additionally in the following cases
· In 80 MHz MU PPDU, LBT fails only on the secondary 20 MHz
· In 80 MHz MU PPDU, LBT fails only on one of the two 20 MHz subchannels in secondary 40 MHz.
· In 160MHz or 80+80MHz MU PPDU,  LBT fails only on the secondary 20 MHz channel in the primary 80 MHz channel. 
· In 160MHz or 80+80MHz MU PPDU, LBT fails only on the secondary 40MHz channel of the primary 80 MHz channel   
For preamble puncturing mode, the inband signal leakage from the occupied subchannels to the preamble punctured subchannel shall be less than or equal to -20 dBr (dB relative to the maximum spectral density of the signal) starting 0.5 MHz from the boundary of the preamble punctured channel. N is the number of 20 MHz punctured channels, as plotted in Figure 2. It is obtained assuming the subcarriers on preamble punctured channels are not transmitted (usually even without additional inband filtering). The whole PPDU should still fulfil the out of band emission defined for 80MHz, 160MHz, or 80+80MHz channel. Similar specifications could be further investigated when targeting at fair coexistence with 11ax system. Considering NR-U will coexist with WiFi in majority of deployment, adopting similar RF requirement as WiFi is a fair choice.
[image: ]
(a) Example transmit spectral mask for the N×20 MHz preamble punctured channel with transmissions on both upper and lower sub-channels
[image: ]
(b) Example transmit spectral mask for the N×20 MHz preamble punctured channel with transmissions on the lower sub-channel
[bookmark: _Ref528316483]Figure 2 Inband leakage in preamble puncturing mode in 802.11ax
In LTE LAA, carrier aggregation of multiple 20MHz component carriers is adopted when gNB or UE want to transmission on the bandwidth larger than 20MHz. Thus, the out of band emission (OOB), adjacent channel power leakage ratio (ACLR) and cumulative adjacent channel power leakage ratio (CACLR) are defined assuming the transmission bandwidth of 20MHz [6]. NR-U can reuse these RF requirements when a serving cell is configured with 20MHz channel bandwidth. Additional investigation is expected in RAN4 to define RF requirements for carrier bandwidth other than 20MHz. If similar RF requirement in CA were adopted for inband leakage, the requirement might depend on where the unused LBT subband(s) is and what is the actual transmission bandwidth within the wideband carrier. For example, in Figure 3(a), OOB/ACLR requirement of 20MHz and 40MHz CC can be assumed outside of the left and right side carrier bandwidth, while CACLR considering both 20MHz and 40MHz CC at each side of the unused LBT subband. In Figure 3(b), OOB and ACLR for 60MHz CC can be assumed at the unused LBT subband. According to our companion papers in RAN4 [7][8], it is almost infeasible to achieve inband leakage similar as ACLR in LTE-LAA with only baseband processing.  
[image: ]
(a) Unused LBT subband in the middle of wideband carrier
[image: ] 
(b) Unused LBT subband at the edge of wideband carrier
[bookmark: _Ref528326478]Figure 3 Inband leakage in BWP operation for wideband carrier
In Figure 4, we evaluate inband leakage of an 80MHz CC with one of the 20MHz LBT subband unused in the middle and at the edge of carrier bandwidth. A gNB PA non linearity model with 11.6dB backoff is assumed. With the help of 72-tap FIR filter(s) on the continuous transmission subband(s), spectrum mask similar as CA can be achieved.
[image: ]
(a) Unused LBT subband in the middle of carrier bandwidth
[image: ]
(b) Unused LBT subband at the edge of carrier bandwidth
[bookmark: _Ref528327169]Figure 4 inband leakage evaluation
[bookmark: _Ref528329269]Proposal 1: NR-U should adopt WiFi approved inband-leakage requirement (-20dBr) on the unused LBT subband in the middle or at the edge of carrier bandwidth when wideband carrier larger than 20MHz is configured.
Interference blockage
As the receiving RF filter assumes same bandwidth with wideband BWP, strong interference from unused LBT subband within BWP might saturate the ADC and degrade the receiving performance. It is similar as intra band CA scenario where single wideband RF and some CC is not transmitted. Similar in-channel selectivity (ICS) requirement as intra band CA can be considered once it is specified for NR-U in RAN4.
Mechanisms to mitigate inband interference from unused LBT subband within BWP could be investigated. For example, the receiver may be equipped with multiple digital filters, wherein one digital filter per LBT subband. The interference from the adjacent channel would be alleviated to some extent after processing by the digital filter, at the cost of some potential unused RBs between the adjacent subbands. Another one is applying filter according to the actually transmission bandwidth at receivers. This would require the receiver to have the capability of decoding the indication of actual transmission bandwidth suffered by the adjacent channel interference. 
[bookmark: _Ref528329283]Proposal 2: Similar in-channel selectivity (ICS) requirement as intra band CA can be considered once it is specified for NR-U in RAN4. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed RF leakage and interference blockage when one or multiple continuous or non-continuous LBT subband(s) are not used within the wideband carrier. We had following observation and proposal.

Proposal 1: NR-U should adopt WiFi approved inband-leakage requirement (-20dBr) on the unused LBT subband in the middle or at the edge of carrier bandwidth when wideband carrier larger than 20MHz is configured.

Proposal 2: Similar in-channel selectivity (ICS) requirement as intra band CA can be considered once it is specified for NR-U in RAN4. 
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