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1 Introduction

Further progress on NR based wideband operation in unlicensed spectrum was made at the last RAN1 meetings, however, several FFS points remain:
	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.
Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0

· The following are configurable by RRC:

· Presence of this bit-field

· Location of this bit-field in the DCI

· Length of this bit-field in the DCI 

· FFS: Whether a single value will suffice in which case, the length is not configurable

· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value

· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT

· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)

· FFS: details for this SFI-based mechanism

· FFS: Whether the duration is encoded as e.g., total length or remaining length.

FFS: Granularity the signalled duration


This contribution addresses some of the remaining issues for wideband operation.
2 Remaining issues for wideband operation
There are three basic modes of wideband operation:
1. All channels and signals are completely transmitted within a single LBT bandwidth 
2. Channels and signals can be transmitted across multiple LBT bandwidths but PRBs within the guard band of two adjacent LBT sub-bands are not scheduled

3. Channels and signals can be transmitted across multiple LBT bandwidths and PRBs within the guard band of two adjacent LBT sub-bands can be scheduled

These three modes are illustrated in Figures 1-3 below. Note that support of mode #1 and #2 has been agreed, whereas mode #3 is unlikely to be supported in Rel. 16. Nevertheless, RAN1 should still strive towards a forward compatible design that allows mode #3 at a later point in time. This should be fairly straight forward given both mode #2 and mode #3 require a common PRB grid and common reference point A across all LBT bandwidths. The only difference between these two modes is whether PRBs within the guard band of two adjacent LBT sub-bands can be scheduled or not. 
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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.

[image: image2.png]J Mask/baseband filter
M PDCCH
M pPDCCH
' PDCCH
L] | | M PDCCH
C | ' B PDCCH (e.g. UL)
™ PDSCH
™ PDSCH
“ PDSCH
M PDSCH
Guard band
ﬁ \ A ‘ A ‘ / (integer PRBs)

Partlal slot Full slot Full slot




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.
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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.

For mode #1, operation at the beginning of a COT can be identical to operation elsewhere in the COT because filters are semi-statically set per LBT bandwidth. Furthermore, because all channels and signals in this mode are completely mapped to a single LBT bandwidth, LBT outcome of one subband does not impact the operation in a different subband.
In mode #2, strictly speaking the same holds true. Filters are also semi-statically set per LBT bandwidth and from an RF perspective, LBT subbands are independent from each other. But as can be seen from Figure 2 in the second full slot, if a given signal or channel is mapped across LBT subbands, if one ore more LBT subbands do not pass clear channel assessment, the performance will be severely degraded. This applies to measurements as well as block error rate of channels.

Hence, for both mode #2 and mode #3, it is better to always contain all channels and signals completely within a single LBT bandwidth until the LBT outcome is known for each subband. In other words, at the beginning of a COT, all three modes operate identically and as in mode #1. In modes other than mode #1, however, in the first or second full slot of the COT depending on UE and gNB processing times, depending on the LBT outcome of each individual LBT subband, channels and signals can be transmitted across multiple LBT bandwidths. Per the agreements at the last RAN1 meeting, this has no specification impact, i.e., Rel. 15 distributed resource allocation could be used as depicted in Fig. 2 or, alternatively, the Rel. 16 multi-TRP feature could be used applied to a single TRP. 

Proposal 1: At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands per existing agreements 
If RAN4 agrees that mode #3 is not supported, i.e., filters are semi-statically set and not altered based on LBT outcome, indication of the COT structure by means of a GC-PDCCH predominantly becomes a UE power savings feature. Specifically, if the UE can be informed for which LBT subbands the clear channel assessment was busy, it can cease monitoring the PDCCH on these subbands similar to SCell (de)activation in CA. Consequently, nothing catastrophic happens if the GC-PDCCH is not transmitted by the gNB or not received by the UE as the UE would simply monitor all subbands as if CCA had cleared. In other words, normal UE procedures for outside a COT apply to LBT subbands for which no side information is available. 
Ideally, the GC-PDCCH is sent right at the beginning of the COT. Because the LBT outcome is unknown to the gNB, it would have to prepare one GC-PDCCH for each possible LBT outcome. Thus, it might be better to send the GC-PDCCH at the first slot boundary within a gNB-initiated COT. Assuming a GC-PDCCH preparation time of less than a symbol, the GC-PDCCH could simply be dropped if the COT is won too close to the next slot boundary. For that COT, UE power savings cannot be achieved but it can be argued this would happen less than ten percent of the time. 
Because the LBT outcome is a priori unknown, and for additional robustness, the GC-PDCCH can be sent in each LBT subband with idle CCA. In addition, for license-assisted scenarios the GC-PDCCH can be sent from a licensed carrier. This can reduce overhead because a single GC-PDCCH suffices compared to one GC-PDCCH per LBT subband. Licensed carriers also offer greater robustness. 

Proposal 2: The following is supported: 

· The GC-PDCCH is transmitted in each LBT subband where CCA is successful 

· The GC-PDCCH is transmitted from a cell in licensed spectrum, e.g., the PCell in LAA mode (Cross-carrier indication)
3 Conclusion

In this contribution, we discussed some of the remaining details of wideband carrier operation in unlicensed spectrum. The following is proposed: 
Proposal 1: At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands per existing agreements 
Proposal 2: The following is supported: 

· The GC-PDCCH is transmitted in each LBT subband where CCA is successful 

· The GC-PDCCH is transmitted from a cell in licensed spectrum, e.g., the PCell in LAA mode (Cross-carrier indication)
