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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 essentially 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 as 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 Serving Cells
As stated in the above agreement, wideband operation is supported with multiple serving cells. Figure 1 shows an example of multiple 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: _Ref524529042]Figure 1: Wideband operation based on configuration of multipole serving cells
One claimed drawback of this approach is that each CC has a guard band defined by RAN4 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, optimizations may be considered whereby the transmitting device uses the guard REs and the receiving device assumes that PxSCH is mapped to these REs.
[bookmark: _Toc534809270]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).
2	Single Serving Cell
As stated in the above WID objective, support of wideband operation with a single serving cell >20 MHz is subject to RAN2 and RAN4 feedback. The feedback requested from RAN4 and RAN2 is based on the LS that was sent during the SI phase [3]. In this LS, the various options in the above agreement (Options 1a,1b, 2, and 3) are listed. From a RAN2 perspective the key consideration in assessing the various options is whether multiple active BWPs are to be supported (Rel-15 supports only single active BWP). From a RAN4 perspective, the key consideration in assessing the various options is whether contiguous 20 MHz LBT sub-bands are always used or if requirements for non-contiguous LBT sub-bands are specified. The following table serves to categorize the various options.
Table 1: Categorization of single wideband carrier options
	
	Contiguous LBT Sub-band(s)
	Non-contiguous LBT Sub-bands

	Single Active BWP
	Option 2
	Option 3

	Multiple Active BWP
	Option 1b
	Option 1a



2.1	Impact of Non-contiguous 20 MHz LBT Sub-bands
In the LS, the following diagram was included which illustrates that depending on the LBT outcome, a transmission may occupy all contiguous LBT sub-bands or a mix of contiguous and non-contiguous LBT sub-bands:
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Figure 1: Single wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, CCA fails in 1 out of the 4 defined LBT sub-bands.
RAN4 has provided an initial reply to the LS, and the main part of the response is the following:
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.
Evidently, specifying RAN4 requirements for operation with non-contiguous LBT sub-bands is challenging, which makes Options 3 and 1a not attractive.
In addition, we note that if clear channel assessment (CCA) fails in any of the LBT sub-bands (e.g., the 3rd sub-band as shown in the above figure), then the resulting spectral utilization (SU) of the remaining LBT sub-bands will automatically be reduced. In an 80 MHz wide carrier, the SU is 217 PRBs. However, in the above example, the SU will become 106 + 51 = 157 PRBs. This is only 4 more PRBs than would be utilized for the case of multiple serving cells, where 3 out of 4 carriers are used (3 * 51 = 153 PRBs). If CCA failure happens in more than one LBT sub-band, then the resulting spectral utilization for single wideband carrier operation is reduced even further. Hence, the claimed advantage of greater spectral efficiency for single wideband carrier operation quickly vanishes for operation with non-contiguous LBT sub-bands.
Based on this we propose the following:
[bookmark: _Toc534809271]For wideband operation with a single serving cell, transmission on non-contiguous LBT sub-bands is not supported; hence Options 1a and 3 are not supported for either DL or UL.
2.2	Puncturing/Rate Matching
Another drawback with Option 3 is due to puncturing and/or rate matching concerns. In NR, a series of transport block (TB) processing steps are required before a PxSCH transmission can occur on the physical channel. The steps include transport block size (TBS) determination, followed by possible segmentation of the TB into one or more codeblocks or codeblock groups, data encoding, CRC attachment, modulation, layer mapping, and precoding. These steps take time, and thus must be performed in advance of the slot scheduled for PxSCH transmission. Moreover, since LBT procedures are performed just in advance of the scheduled slot, some or all of the TB processing steps must be performed in advance of the LBT procedure as well. Consequently, during TB processing for Mode 2 operation, the transmitting device (gNB or UE) would need to assume that all LBT sub-bands are available for transmission since there is little or no time for TB re-processing to account for one or more LBT sub-bands being unavailable due to CCA failure. It gets more complicated in the UL since the scheduling information is already provided by the gNB via the grant, and the UE does not have the flexibility to adjust it. This is in contrast to operation with multiple serving cells where separate TB processing is performed on a per-CC basis, and if one or more CC’s is unavailable for transmission, the TB(s) in other CC’s need not be re-processed.
It has been suggested that for Option 3, full re-processing of the TB can be avoided by puncturing or rate-matching around the LBT sub-bands 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.
[bookmark: _Toc534809039]Puncturing/rate matching around LBT sub-bands where CCA fails may cause PxSCH decoding failure.
2.3	Impact of Multiple Active BWPs
In a previous RAN2 contribution [4], we identified the impact of supporting multiple active BWPs (Options 1a/b). First we note that in NR licensed and LTE LAA, one HARQ entity is maintained per serving cell/carrier. Hence, one way to support multiple active BWPs is that a single HARQ entity is for the wideband carrier is shared amongst the all active BWPs; however, in that case the HARQ process ID space would be limited. An alternative approach would be to maintain a single HARQ entity per active BWP. This requires significant RAN2 standardization effort and carries the risk of breaking backward compatibility. We note that additional complexity is incurred in managing HARQ operation if HARQ retransmissions across active BWPs is allowed.
One area which would be significantly impacted by support for multiple active BWPs is power control. If NR-U were to support multiple active BWPs, it may be necessary to support PHR per BWP since the existing PHR framework per serving cell cannot precisely reflect the power headroom for each BWP.  This would require substantial efforts for both RAN1 and RAN2.
Other aspects that need to be considered in RAN2 are the following:
· Logical channel prioritization (LCP) restrictions
· Whether or not to introduce BWP specific DRX configuration
· Whether or not to introduce BWP specific uplink timing alignment
· Whether or not to introduce multiple configuration grant configurations, so that each BWP may be associated with a different configured grant configuration
· Whether or not to support BWP specific RRM framework, BWP specific RLM/RLF etc.
As a summary, RAN2 would need to spend a lot of effort to specify functions which are already feasible/supported within the carrier aggregation framework.
[bookmark: _Toc534809272]Multiple active BWPs are not considered for NR-U; hence, for wideband operation with a single serving cell, Options 1a and 1b are not supported for either DL or UL.
2.4	Preferred Option
Option 2 has the advantage that it requires neither multiple active bandwidth parts nor non-contiguous transmission/reception. Hence, this is the least RAN4 and RAN2 impacting solution for wideband carrier operation with a single serving cell. Moreover, neither puncturing nor rate matching is needed, since transmission only occurs if CCA is successful in all 20 MHz LBT sub-bands. Option 2 is thus useful, for example, in environments where narrowband interference is not expected. It could also be useful for new bands where the channelization may not necessarily be on a granularity of 20 MHz. In this case wideband LBT may be used. We point out that for operation in environments with high probability of narrowband interference, e.g., in 5 GHz, where CCA is likely to fail on one or more LBT sub-bands, then wideband operation with multiple serving cells may always be configured.
[bookmark: _Toc534809273]If wideband operation with a single serving cell is supported, then only a single active BWP is supported and transmission/reception is supported only when CCA is successful in all LBT-subbands within the active BWP; hence, only Option 2 is considered for both DL and UL.
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:
[bookmark: _Hlk534809379]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	For wideband operation with a single serving cell, transmission on non-contiguous LBT sub-bands is not supported; hence Options 1a and 3 are not supported for either DL or UL.
Proposal 3	Multiple active BWPs are not considered for NR-U; hence, for wideband operation with a single serving cell, Options 1a and 1b are not supported for either DL or UL.
Proposal 4	If wideband operation with a single serving cell is supported, then only a single active BWP is supported and transmission/reception is supported only when CCA is successful in all LBT-subbands within the active BWP; hence, only Option 2 is considered for both DL and UL.
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