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1	Introduction
As for NR in licensed bands, it is expected that NR-U will support transmission over a wide bandwidth (>> 20 MHz). Essentially this can be achieved in two different ways: (1) configuration of multiple serving cells, each with 20 MHz bandwidth, and (2) configuration of a single wideband serving cell with bandwidth in integer multiple of 20 MHz. Regarding these two methods, the following objective is listed in the NR-U WID [1]:
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
The corresponding agreement from the SI phase is listed in the TR 38.889 [2]:
For wideband operation for both DL and UL,
-	Bandwidth larger than 20 MHz can be supported with multiple serving cells.
-	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
For UL 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 PUSCH on one or more BWPs
-	Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
-	Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
-	Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
In this contribution we address wideband operation with both multiple and single serving cells for both DL and UL.
2	Multiple 20 MHz Serving Cells
As stated in the above agreement, wideband operation is supported with multiple 20 MHz serving cells. Figure 1 shows an example of multiple 20 MHz serving cells for an operating bandwidth of 80 MHz. The UE is configured with four component carriers (CC’s) totalling 80 MHz which are activated prior to reception/transmission. As stated in the above agreement, LBT is performed in units of 20 MHz. Hence, it makes sense to configure the individual CC’s with a bandwidth of 20 MHz such that the CC bandwidth and the LBT bandwidth are one and the same.
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[bookmark: _Ref1134826]Figure 1: Wideband operation based on configuration of multipole serving cells
One claimed drawback of this approach is that each CC requires guard bands which reduces the spectral utilization efficiency compared to transmission on a single wideband CC. However, from RAN4 perspective there is no requirement that the guard bands between two or more contiguous component carriers are left empty. Hence, it should be supported that the transmitting device uses the guard REs and the receiving device assumes that PxSCH is mapped to these REs:
[bookmark: _Toc1137792]For wideband operation supported with multiple serving cells, support utilization of the guard bands between two or more contiguous CCs for PxSCH transmission and reception (x = D for downlink and = U for uplink).
3	Wideband Carriers and Channel Puncturing
In RAN1#AH1901, the following agreement was made regarding DL wideband operation based on configuration of a single serving cell with bandwidth >20 MHz. This agreement provided a down-selection of the 4 options listed in the SI agreement shown in Section 1 to two options (Options 2 and 3), at least for the downlink:
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)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

With this agreement, if an 80 MHz BWP is configured to the UE, PDSCH transmission can occur on one or more parts or a whole of the 80 MHz BWP, where each part consists of an integer number of 20 MHz “LBT sub-bands.” Each LBT sub-band coincides with a 20 MHz channel. For this reason, we refer to this scheme as “Channel Puncturing,” where one or more 20 MHz channels may be punctured from the 80 MHz BWP. While in principle any one or more channels may be punctured, RAN1 has requested the following feedback from RAN4 in an LS that was sent in RAN1#AH1901 (see [3])
· Restrictions on channel puncturing, e.g.,
· Contiguous vs. non-contiguous
· All channels vs. none
· Filter adaptation delay when the puncturing pattern changes 
The LS also requests RAN4 to provide feedback on pending questions from an earlier LS (see [4]) about the need for new RF requirements including in-carrier adjacent channel leakage/blocking and adaptive filtering.
Figure 2 shows several possible scenarios for channel puncturing based on the outcome of LBT in each 20 MHz LBT subband. The left most scenario is for the case when LBT is successful in all channels, the middle 4 scenarios when LBT is successful in contiguous channels, and the rightmost two scenarios when LBT is successful in non-contiguous channels.
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[bookmark: _Ref1132022][bookmark: _Ref1132018]Figure 2: Wideband operation based on configuration of a single serving cell. Various channel puncturing scenarios based on LBT outcome are illustrate.
Clearly, the simplest of these scenarios is the left-most one in which transmission occurs on all channels (no channel puncturing). If this was the only scenario that RAN4 supports, i.e., if RAN4 is not able to define RF requirements for the other scenarios, then there would still exist two complementary solutions that can cover a wide range of deployment scenarios. For example, in the 5 GHz band where it is quite likely that LBT can fail on individual 20 MHz channels, CA-based wideband operation (multiple serving cells) can be configured. Since RAN4 specifications on CACLR and blocking have already been developed for this mode for LTE-LAA, the amount of RAN4 work is minimal to port these specifications to NR-U.
In new bands, e.g., 6 GHz, if the basic channel unit is defined to be wider than in 5 GHz, say 80 MHz, then it is likely that the LBT bandwidth would be commensurate with the channel bandwidth. In other words, both the channel and the LBT bandwidths would be the same, e.g., 80 MHz. This is then identical to the left-most scenario in Figure 2. With this mode of operation, very wide bandwidth in new bands can be supported without the need for aggregation of a large number of carriers.
Another drawback of channel puncturing is as follows. It has been suggested that if LBT fails in one or more of 20 MHz channels within the BWP, full re-processing of the transport block can be avoided by puncturing or rate-matching around the LBT sub-bands (channels) that are unavailable due to CCA failure. In the former, the PDSCH REs are simply not transmitted in those LBT sub-bands, and the UE may set the soft values for the coded bits corresponding to those REs to zero prior to a decoding. In the latter, partial re-processing may be performed at the transmitting device, assuming sufficient processing capability. The partial re-processing is to re-encode the TB at a higher rate accounting for the unavailable REs. We emphasize that both approaches are undesirable and have a high likelihood of decoding failure thus requiring retransmissions. Clearly, this removes the claimed advantage of improved spectral efficiency compared to CA-based wideband operation.
[bookmark: _Toc1136495]Puncturing/rate matching around LBT sub-bands where CCA fails may cause PxSCH decoding failure.
Based on the above arguments, our view is that support of channel puncturing is an optimization that can be considered in later releases of NR-U. Both RAN1 and RAN4 should prioritize development of specifications for the case of no channel puncturing. This includes wideband operation with aggregation of multiple 20 MHz carriers as well as wideband operation with one or more wideband (> 20 MHz carriers) with transmission only on the whole BWP of each wideband carrier. With these two modes, this will cover both 20 MHz carriers in the 5 GHz band and potentially wider carriers in new bands.
[bookmark: _Toc1137793]In both DL and UL, RAN1 and RAN4 should prioritize development of specifications for wideband band operation based on (1) aggregation of multiple 20 MHz serving cells, (2) aggregation of one or more serving cells with bandwidth greater than 20 MHz where transmission occurs only on the whole BWP of each carrier. Channel puncturing where transmission occurs on parts of a BWP is an optimization that can be considered in a later release.
3	Conclusion
In this paper we made the following observations: 
Observation 1	Puncturing/rate matching around LBT sub-bands where CCA fails may cause PxSCH decoding failure.
Based on the discussion in this paper we propose the following:
Proposal 1	For wideband operation supported with multiple serving cells, support utilization of the guard bands between two or more contiguous CCs for PxSCH transmission and reception (x = D for downlink and = U for uplink).
Proposal 2	In both DL and UL, RAN1 and RAN4 should prioritize development of specifications for wideband band operation based on (1) aggregation of multiple 20 MHz serving cells, (2) aggregation of one or more serving cells with bandwidth greater than 20 MHz where transmission occurs only on the whole BWP of each carrier. Channel puncturing where transmission occurs on parts of a BWP is an optimization that can be considered in a later release.
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