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1 Introduction
During RAN4#89 meeting 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 was needed [3].  In RAN4#90 meeting in Athens RAN4 replied saying that more time is needed to study [4]. 
 Agreement:
· It is a common understanding that, we will not use RF filtering for adaption for both the UE and gNB side.

· RAN4 to study the feasibility of changing the baseband filtering between subsequent gNB transmissions

· Feasibility will depend on RF leakage and blocking requirements

· RAN4 to study the feasible durations of changing baseband filtering at UE receiver

· Feasibility will depend on RF leakage and blocking requirements

· RAN4 to study the need for guard-bands between LBT sub-bands for wideband carrier operation between the adjacent LBT sub-bands where CCA passes on all adjacent LBT sub-bands once LBT outcome is known to the UE

In this contribution, we address the above FFS points from DL direction point of view, but similar applies for UL direction.  
2 On transmission/reception bandwidth adaptation in a COT
2.1 Dynamic adaptation of transmission bandwidth based on LBT
· RAN4 to study the feasibility of changing the baseband filtering between subsequent gNB transmissions

· Feasibility will depend on RF leakage and blocking requirements
In Rel-15 filtered OFDMA has been proposed and investigated to supress the OFDMA out-of-band ripples. However, it has been concluded that instead, a pulse shaping can be used to meet the ACLR requirements. A pulse shaping is a form of base-band filtering of OFDMA, which is used in NR Rel-15 and LTE LAA at the transmitter.

Observation-1: A pulse shaping (a form of base-band filtering) at transmitter can be used to meet ACLR requirements. 

In Figure 1, we show a diagram of one possible implementation of signal processing at the transmitter for wideband operations. Before COT starts, an initial mini-slot is prepared at the gNB BBU not scheduling the gaps between adjacent channels. The FD signal (sub-carriers) of each sub-band (S1 .. S4) is converted by separate iFFT to create one TD signal per sub-band (i.e T1...T4).  Based on LBT outcome, the T1 signals of sub-bands with positive LBT are multiplexed. After multiplexing, time domain signal looks like a single iFFT with sub-bands that passed the LBT.  Afterwards, a pulse-shaping is applied to meet the ACLR requirements and signal is upconverted by single 80MHz DAC. Analog signal is transmitted using a single RF chain. This can be performed within 4-5 us.  
Observation-2: Adaptation of transmit bandwidth and pulse shaping can be performed within 4-5us after LBT.
For the consecutive transmission within the COT, base-band unit may save power, by performing iFFT for sub-carrier of multiple sub-bands and may schedule sub-carrier in guard-bands between adjacent sub-bands with positive LBT.  
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Figure 1 An example of signal processing at the transmitter
Observation-3: The adaptation of base-band filtering (pulse shaping) at the transmitter is feasible given the LBT at the beginning of the COT. Transmissions within a COT other than the initial transmission may contain PDSCH in guard bands between adjacent channels with positive LBT.  
2.2 Dynamic adaptation of reception bandwidth
· RAN4 to study the feasibility of changing the baseband filtering UE receiver

· Feasibility will depend on RF leakage and blocking requirements

Here discussion should be separated into two cases. One where guard-bands between adjacent sub-channel are present and the other when guard-bands are omitted.
For the case when guard-bands between adjacent sub-channel are present, Wideband BWP reception challenges are no different to LAA DL CA. For LAA DL CA, to our knowledge there are no requirements or test cases specified for this case in RAN4 nor signalling of transmission BW is required to receive. 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).  
Observation-4: For reception of DL signals with guard-bands between adjacent sub-channel, the reception challenges for wideband BWP are no different to LTE LAA CA. 
· RAN4 to study the need for guard-bands between LBT sub-bands for wideband carrier operation between the adjacent LBT sub-bands where CCA passes on all adjacent LBT sub-bands once LBT outcome is known to the UE

For the case when guard-bands between adjacent sub-channel are omitted, receiving node may need to be informed of the TX bandwidth, otherwise it will potentially receive a significant amount of in-band interference on the other 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. The base-band digital adaptation speed should be significantly smaller than Rel-15 BWP switching, because in this case BWP parameters (other than used portion of frequency location) do not change, nor RF retuning is required, as already agreed. 

Observation-5: For reception of DL signals with omitted guard-bands between adjacent sub-channel, the base-band digital filter adaptation delay (if needed) should be significantly shorter than BWP switching.

Proposal-1: Send LS to RAN1 with at least the following:

· Transmission and reception of DL signals with guard-bands between adjacent sub-channel with positive LBT outcome is feasible without adaptation delay.  
3. On the transmissions with gap 

RAN4 in LS reply [1] 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 with single sub-band gap can be performed using the scheme in Figure 1.  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.  Similar for the case with contiguous sub-bands, digital filter adaptation and its delay should be further studied.   
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.

FFS: digital filter adaptation delay (if needed)
4. Conclusion

In this contribution, we address the FFS points from RAN4 LS reply [4] from DL direction point of view, but similar applies for UL direction.  We have made following observations and proposals:

Observation-1: A pulse shaping (a form of base-band filtering) at transmitter can be used to meet ACLR requirements. 

Observation-2: Adaptation of transmit bandwidth and pulse shaping can be performed within 4-5us after LBT.
Observation-3: The adaptation of base-band filtering (pulse shaping) at the transmitter is feasible given the LBT at the beginning of the COT. Transmissions within a COT other than the initial transmission may contain PDSCH in guard bands between adjacent channels with positive LBT.  

Observation-4: For reception of DL signals with guard-bands between adjacent sub-channel, the reception challenges for wideband BWP are no different to LTE LAA CA. 

Observation-5: For reception of DL signals with omitted guard-bands between adjacent sub-channel, the base-band digital filter adaptation delay (if needed) should be significantly shorter than BWP switching.

Proposal-1: Send LS to RAN1 with at least the following:

· Transmission and reception of DL signals with guard-bands between adjacent sub-channel with positive LBT outcome is feasible without adaptation delay.  

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.

FFS: digital filter adaptation delay (if needed)
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