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1. Introduction
During last RAN4#89 meting held in Spokane, RAN4 discussed and agreed LS reply to RAN1 on wideband operation in [1] where some answer to RAN1 were provided. In the mean time in the RAN#82 New WID on NR-based Access to Unlicensed Spectrum [2] has been approved. RAN1 Ad-hoc Meeting 1901 in January, replied to RAN4  informing RAN4 about RAN1 agreement involving FFS points on which RAN4 input is needed [3]. 

Some issues regarding wideband operation for NR-U were discussed in [4]. In this contribution, we further discuss theses issue.
2. Discussion
In [3] following RAN1 agreements were presented for RAN4:
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 discontiguous 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)

Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.

Furthermore, in [1] RAN4 replied to Q1 and Q2 of [6]  
· Question 1: Will there be a need for RF requirements within a wideband carrier (> 20 MHz) that spans multiple “LBT sub-bands?” Please consider transmit/receive requirements at both gNB and UE.

New RF requirements would be needed for transmission options as described in RAN1 LS, such as: 

· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.

· “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.

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. 

· Question 2: Will guard bands be needed at the edges of each “LBT sub-band”?

Guard bands may or may not be needed and this needs further investigations depending on RF requirements for UE and gNB, etc. RAN4 would need to do further analysis on how to specify them. 
In fact, RAN4 answered also the question on feasibility in the above highlighted part of the answer to Q1.    

· Question 3: If yes to either of the above questions, could RAN4 provide a feasibility assessment on the development of such RF requirements? 
On the other hand, RAN4 in its brief answer omitted feedback on some aspects important to RAN1.  Such 

· Please consider at least the following aspects:

· Transmission to/from one UE on either contiguous or non-contiguous “LBT sub-bands” within a carrier and combinations thereof

· RF filtering aspects at both the base station (BS) and UE including time required to adapt filtering to meet new RF requirements, and whether RF filtering would be adaptive or not

· Whether or not the requirements can be the same as for CA but defined to apply within a wideband carrier

Therefore, RAN1 reformulated these questions again in more details

· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous 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

In the following sub-sections, we will address the above FFS points
Dynamic adaptation of RF filtering to LBT
Here, we will focus on DL only, but the same conclusion may apply to UL as well. In Rel-15 NR, a gNB was assumed to maintain constant BW, while UE may be instructed to operate on specific part of the gNB BW, i.e. BWP. However, in NR-U, gNB may try to obtain channel access on a wide BW (e.g. 80 MHz) but while performing LBT, the gNB may observe based on sub-band LBT results that it can gain channel access only on a part of the carrier, i.e. only on some of the 20 MHz sub-bands. This is depicted in Figure 1. When operating with a carrier BW of n * 20 MHz and 4k FFT, a gNB may potentially need to adjust its transmitter operation (e.g. filters) very rapidly to meet the ACLR requirement defined for the out-of-band emissions. Similar aspects are also relevant to UL/UE operation. Considering that LAA DL CA can be implemented using single RF and digital filtering is performed based on LBT outcome, i. e. filtering out multiple 20MHz chunks is feasible based on LBT outcome, then also filtering of larger n * 20 MHz chunks should be feasible based on LBT. The RAN4 shall define ACLR requirements for n * 20 MHz channel transmission BW, which would be applicable given the LBT outcome.  Furthermore, no additional RRM delay is required, because Option 3 operates with single R15 BWP and configurations do not change. Therefore, dynamic TX bandwidth adaptation within gNB carrier as well as UE carrier (BWP) is feasible with insignificant delay. 
Observation 1:  If filtering out multiple 20MHz chunks is feasible based on LBT outcome, then also filtering of larger n * 20 MHz chunks should be feasible.
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Figure 1. Dynamic TX bandwidth adjustment following e.g. outcome of LBT may result in emissions to adjacent sub-bands.

In unlicensed band operation, the receiving node (UL/gNB or DL/UE) may not know the exact transmission bandwidth applied after LBT. An example of a potential scenario for dynamic BW adaptation is illustrated in Figure 3. In any COT, a gNB or a UE intending to transmit with 80 MHz bandwidth, may need reduce the TX bandwidth because some of the sub-bands are occupied by other systems. Consequently, the node receiving the transmission assuming 80 MHz bandwidth may end up receiving interfering signals on some of the sub-bands potentially having a larger power level than the signal of interest.   
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Figure 2. An example of a potential scenario for dynamic BW adaptation.

Unless the receiving node is informed of the TX bandwidth, it will potentially receive a significant amount of in-band interference on the two lowest sub-bands that the serving gNodeB is not using. This may affect its reception e.g. due to dynamic range of the A/D conversion and AGC, depending on how strong the in-band interference is. 

However, the situation depicted on the Figure 3, is nothing new, similar situation occurs in LAA DL CA, and to our knowledge there are no requirements or test cases specified for this case in RAN4. A UE may implement a single RF or multiple RF. With single RF, a UE may tolerate interference from neighbour sub-band of up to 33dB by LTE requirement, and in potentially better Adjacent channel selectivity (ACS) could be achievable (FFS).  For adaptation delay using digital filtering, similar applies as for transmission. 
Observation 2: It is feasible to receive transmissions on one or more 20 MHz channels, while the receiver BW is n * 20 MHz (2 ≤ n ≤ [4]), and other 20 MHz channels may contain interference from other nodes up to X dB stronger (X is FFS).

Proposal 1: Reply to RAN1 that transmission/reception bandwidth adaptation by digital filtering can be performed dynamically and with insignificant delay, i.e. based on LBT outcome. 

On the transmissions with gap 

RAN4 in its previous reply stated “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).”  and ” RAN4 will study all these further in future meetings”. 
To our understanding, transmission and reception with single sub-band gap can be achieved by running two consecutive band filters n * 20 MHz.  one band pass filter followed by band stop. This may achieve any desired combinations of LBT sub-bands with single sub-band gap.  On the other hand, two consecutive filters double the filtering delay and increases implementation complexity.  Therefore, we think that non-contiguous transmission could be considered as optional feature. From specification point of view, i.e. requirements could follow the requirements of two corresponding contiguous transmissions/receptions.     
Proposal 2: Reply to RAN1 that Option 3 with single sub-band gap is feasible, and that the requirements for this case can be based on requirements defined for two corresponding contiguous transmissions/receptions.
3. Conclusion

In this contribution, we further discussed wideband operation for NR-U. We have made following observations and proposals:

Observation 1:  If filtering out multiple 20MHz chunks is feasible based on LBT outcome, then also filtering of larger n * 20 MHz chunks should be feasible.

Observation 2: It is feasible to receive transmissions on one or more 20 MHz channels, while the receiver BW is n * 20 MHz (2 ≤ n ≤ [4]), and other 20 MHz channels may contain interference from other nodes up to X dB stronger (X is FFS).

Proposal 1: Reply to RAN1 that transmission/reception bandwidth adaptation by digital filtering can be performed dynamically and with insignificant delay, i.e. based on LBT outcome. 

Proposal 2: Reply to RAN1 that Option 3 with single sub-band gap is feasible, and that the requirements for this case can be based on requirements defined for two corresponding contiguous transmissions/receptions.
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