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In NR-U WID [1] and TR 38.889 [2], it was agreed that wideband operation listed below should be specified:
	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.
Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 



In this contribution, we provide our views on both PDSCH transmission and PUSCH transmission for BWP based operation within a wideband carrier in NR-U.
Discussion
Wideband transmission for PDSCH and PUSCH
For a single carrier operating on a wide bandwidth, the transmission bandwidth should be dynamically adapted depending on the outcome of LBT procedure. To address such issue, four options have been studied during NR-U study item. In this section, we would investigate the four options by considering the benefits and drawbacks.
For option 1a, multiple BWPs can be configured and activated for one UE, and the gNB would transmit PDSCH(s) on which BWP(s) depending on the outcome of LBT procedure. However, only one BWP can be activated at a given time for a Rel-15 NR UE, which means extra standardization effort and L1 signaling (e.g. DCI overhead, CSI measurements and BWP configurations) is needed if option 1a is adopted in NR-U wideband transmission. In addition, option 1a is similar to the carrier aggregation which is already supported in NR-U, except that it adds more complexity.
For option 1b, multiple BWPs can be configured and activated for one UE, and the gNB would transmit PDSCH(s) on single BWP depending on the outcome of LBT procedure. Similar to option 1a, extra standardization effort and L1 signaling (e.g. DCI overhead, CSI measurements, and BWP configurations) is needed if option 1b is adopted in NR-U wideband transmission. 
For option 2, when several sub-bands LBT fail, the gNB has to wait for all sub-bands LBT success before it starts transmission, so the channel access opportunity and the spectrum utilization efficiency would be negatively affected.
[bookmark: OLE_LINK11][bookmark: OLE_LINK17]For option 3, the gNB could transmit PDSCH in whole or parts of the BWP depending on the outcome of LBT procedure. Compared to option 2, more channel access opportunities and higher spectral efficiency could be achieved by option 3 with the drawback of interference from adjacent sub-band(s) within BWP. Compared to option 1a/1b, it can also achieve same spectral efficiency but with less standardization effort and complexity. The interference from adjacent sub-band(s) within BWP could be alleviated by introducing guard band at the edge of the sub-bands.
Considering the tradeoff between spectral efficiency, standardization effort and implementation complexity from both gNB and UE, option 3 is preferred for wideband PDSCH transmission.
Proposal 1: For PDSCH transmission, option 3 should be supported for BWP based operation within a wideband carrier.
Similarly, four options have been studied during NR-U study item [2] for PUSCH transmission within a wideband carrier. The benefits and drawbacks of PUSCH transmission is the same as PDSCH transmission. Hence, considering the tradeoff between spectral efficiency, standardization effort and implementation complexity from both gNB and UE, option 3 is preferred for wideband PUSCH transmission.
Proposal 2: For PUSCH transmission, option 3 should be supported for BWP based operation within a wideband carrier.

Uplink transmission scheme under wideband operation
The advantage of Option 3 is obvious for its efficient resource utilization and less specification effort. As shown in Figure.1, there are 4 subbands scheduled by UL grant for UL transmission. But it turns out only a subset of the subbands pass the LBT. In this case, according to Option 3 UE shall execute UL transmission on the subbands passing LBT. Naturally, there could be a mismatch on the number of scheduled RBs and the actual transmitted RBs. To solve this issue, both puncture and rate-matching methods are feasible for Option 3. Nevertheless, the flaws of the two methods are also similar and obvious. By adopting puncture method, too many punctured resource will inevitably introduce performance degradation. Meanwhile, if UE uses rate-matching method on the 3 LBT-success subbands, the actual code-rate may be increased and also lead unreliable transmission. Therefore, we can introduce certain mechanism to enable UE to drop the whole transmission if too many subbands fail to pass the LBT. 
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Figure 1 –Illustrations for LBT on Single carrier wideband transmission
Proposal 3: Both rate matching and puncture methods should be considered in single carrier wideband transmissions.
Meanwhile, in order to correctly decode PUSCH under assumption of Option 3 the information of successful subband-index should be known at gNB. As a solution, the subband-index information could be included in PUCCH and transmitted on LBT-success subbands. To be a premise, the PUCCH resource could a priori be configured  via subband-level.
Proposal 4: The information of successful subband-index should be carried in PUCCH.
Based on our analysis, the actual uplink code-rate may show great difference compared with the one gNB expected. Besides rate-matching and puncture method, we could also consider adaptive adjustment of uplink CBG numbers. So as to avoid severe code-rate fluctuation, the number of CBG to be transmitted could be proportional to the number of subbands with successful LBT. As a matter of fact, NR already supports UL CBG-based transmission, but not for initial transmission. For NR-U, it is also beneficial to introduce CBG-based initial transmission, and the detailed procedures need to be studied.
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Conclusion
In this contribution, we have discussed both PDSCH transmission and PUSCH transmission for BWP based operation within a wideband carrier in NR-U, and proposed the following:
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Proposal 2: For PUSCH transmission, option 3 should be supported for BWP based operation within a wideband carrier.
Proposal 3: Both rate matching and puncture methods should be considered in single carrier wideband transmissions.
Proposal 4: The information of successful subband-index should be carried in PUCCH.
Proposal 5: It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.
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