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1 Introduction

RAN4 has been discussing the guard band definition for wideband operation of NR based access to unlicensed spectrum (NR-U) since RAN4 #90 in Athens. Meanwhile, RAN1 has continued the physical layer design for NR-U wideband operation. At the last RAN1 #97 meeting in Reno, NV the following was agreed:

	Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst

· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE

Conclusion:

A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.


With a clearer picture of the physical layer procedures supporting wideband operation in NR-U, this contribution tries to explain the requirements RAN4 should meet in defining guard bands for NR-U wideband operation. 
2 Guard band definition for NR based access to unlicensed spectrum
For the case of NR-based access to unlicensed spectrum with a single wideband serving cell, RAN4 already agreed that new requirements within the wideband carrier are needed [1]. Specifically, RAN4 indicated that for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. In [2], RAN4 further confirmed that a base station could transmit on more than one contiguous chunk of LBT subbands at least if PRBs within the guard band of two contiguous LBT sub-bands are not scheduled by the gNB. This is illustrated in Figure 1. 
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Figure 1: Base station transmits on more than one contiguous chunk of LBT subbands. PRBs within the guard band of two contiguous LBT sub-bands are not scheduled. A UE receives each PDSCH scheduled within a single LBT bandwidth.
Figure 2 depicts another example mode of operation. RAN1 agreed that a UE can receive a PDSCH scheduled over multiple LBT bandwidths. For example, distributed resource allocation per Rel. 15 or Rel. 16 multi-TRP techniques can be used. Note that in this example, PRBs within the guard band of two contiguous LBT sub-bands are also not scheduled by the gNB. 
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Figure 2: Base station transmits on more than one contiguous chunk of LBT subbands. PRBs within the guard band of two contiguous LBT sub-bands are not scheduled. A UE can receive a PDSCH scheduled over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.

 Lastly, Figure 3 depicts yet another mode of operation. In the first slot of a COT, each LBT subband has to operate independently because the LBT outcome is unknown to the UE and gNB. However, once the UE knows the LBT outcome at the transmitter, e.g., via signalling in the control region of the first slot, spectral efficiency can be improved. For example, while there are two PDSCH #1 and PDSCH #2 in the first slot, control overhead can be eliminated in the second slot of the COT by transmitting a single PDSCH #4 because the two LBT subbands are adjacent, contiguous and both available for transmission by the gNB. RAN1 is currently awaiting guidance from RAN4 whether it is feasible to change the RF filtering between the first and second slot, e.g., within the duration of a CP. Regardless, if PDSCH #4 is not mapped onto PRBs in the guard band between the two adjacent LBT subbands, such operation is always feasible (see Figure 2). 

A PDCCH or GC-PDCCH at the beginning of a COT can indicate the frequency domain structure of the COT to all UEs [3]. At the beginning of a COT, all UEs assume per LBT subband scheduling. A UE that is scheduled at the beginning of a COT can only be allocated a PDSCH that’s fully contained within a single LBT subband. The gNB can FDM several UEs/PDSCHs by allocating several LBT subbands to multiple UEs/PDSCHs whereby each PDSCH cannot span across subbands or into guard bands. A UE that is not scheduled at the beginning of the COT can be allocated a PDSCH spanning across LBT subbands if they are contiguous and adjacent. An example is given in Figure 3. 
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Figure 3: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, contiguous sets of LBT subbands do not exhibit guard bands at the interior subband edges.

In light of the above, in addition to subcarrier level guard bands between LBT subbands for single FFT CA based implementations, RAN4 should enable all these use cases, at least from a forward compatibility perspective in case of the example in Figure 3. Hence, PRB level guard bands should also be supported in line with agreements at the last RAN1 meeting as depicted in Figure 2. PRB level guard bands should be allowed in both wideband and CA base operation, for example, to support a mix of CA only capable and wideband capable UEs. Such PRB level guard bands would then allow a common PRB grid with a common reference point A across LBT subbands enabling the agreements in RAN1.

Proposal: In addition to subcarrier level guard bands between LBT subbands, RAN4 to specify PRB level guard bands between LBT subbands 
3 Conclusion

This contribution explained the requirements RAN4 should meet in defining guard bands for NR-U wideband operation. The following is proposed: 
Proposal: In addition to subcarrier level guard bands between LBT subbands, RAN4 to specify PRB level guard bands between LBT subbands 
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