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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94bis, the following agreements were achieved [1].
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.
A liaison [2] 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
In this contribution, we provide our views on the above two issues.  
RF leakage 
[bookmark: _Ref528079268][bookmark: _Ref129681832]For all of the four BWP-based operation options, 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 [2], 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. 
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(a) option 1a



(b) option 3 
[bookmark: _Ref528314171]Figure 1 unused LBT subband at the edge of carrier bandwidth  
In 802.11ax [3], 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 sub-channels 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 sub-channels 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. 
[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 signal 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, adjacent channel power leakage ratio (ACLR) and cumulative adjacent channel power leakage ratio (CACLR) are defined assuming the transmission bandwidth of 20MHz [4]. Similar requirement as ACLR or CACLR for intra band CA can be another alternative for inband RF leakage especially when only coexistence with 3GPP systems. Digital filter(s) on each continuous transmission subband are required to maintain the low ACLR and CACLR. Considering the OOB/ACLR might be re-defined for larger carrier bandwidth as discussed in our companion tdoc [5], the requirement of inband leakage 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 at 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. 
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(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 RF 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: The following 2 inband leakage requirement can be considered in NRU when wideband carrier larger than 20MHzis configured.
· -20dBr on the unused LBT subband in the middle or at the edge of carrier bandwidth
· OOB/ACLR/CACLR for carrier aggregation taking into account different continuous transmission subband within the carrier bandwidth. 
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. On the other side, the interference from unused LBT subband is within the operation channel. It could be regarded as hidden node when blockage occurs. 
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 subband. 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]Observation 1: The inband interference blocking is similar as that in the intra band CA. It depends on UE implementation.
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: The following 2 inband leakage requirement can be considered in NRU when wideband carrier larger than 20MHzis configured.
· -20dBr on the unused LBT subband in the middle or at the edge of carrier bandwidth
· OOB/ACLR/CACLR for carrier aggregation taking into account different continuous transmission subband within the carrier bandwidth. 

Observation 1: The inband interference blocking is similar as that in the intra band CA. It depends on UE implementation
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