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1. Introduction

In RAN#82 plenary meeting, NR-U WI was approved [1] and the following objective is relevant to the wideband operation for NR-U:
	· 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).


In this contribution, we discuss wideband operation (in integer multiples of 20MHz) with one serving cell with bandwidth larger than 20MHz for NR-U.
2. Bandwidth part operation
In RAN1#94bis meeting, the following options were agreed for BWP-based DL operation within a carrier with bandwidth larger than 20 MHz.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs, as shown in Fig. 1(a)

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP, as shown in Fig. 1(b)

· 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, as shown in Fig. 1(c)

· 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, as shown in Fig. 1(d)
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(b) Option 1b
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(c) Option 2
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(d) Option 3
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Figure 1. Examples of DL BWP operation for NR-U

For each option, the following potential specification impacts can be considered.
· Option 1a

·  PDCCH monitoring for search space sets corresponding to multiple active BWPs
·  Mechanism for indication/detection of actually transmitted BWP(s) among multiple active BWPs (e.g., via DCI or initial signal)

·  Considerable RAN2 impact on HARQ procedure if separate TBs are mapped for different active BWPs
· Option 1b

·  PDCCH monitoring for search space sets corresponding to multiple active BWPs

·  Mechanism for indication/detection of actually transmitted BWP(s) among multiple active BWPs (e.g., via DCI or initial signal)

· Option 2

·  No specification impact

· Option 3

·  Mechanism for indication/detection of actually transmitted LBT sub-band(s) among multiple LBT sub-bands within a given active BWP (e.g., via DCI or initial signal) for PDSCH reception, CSI/RRM measurement, and RLM
·  Enhancement to PDSCH mapping within a BWP may be necessary (e.g., PDSCH RE mapping within a LBT sub-band first, and then across LBT sub-bands)

Even though additional specification impact is not expected for Option 2, Option 2 would be undesirable considering coexistence with other technology (e.g., Wi-Fi) which adapts transmission bandwidth depending on the outcome of LBT for each 20 MHz. For Option 1, relatively significant specification impact can be foreseen since multiple active BWP operation is not supported by Rel-15 NR. Option 3 seems to be a reasonable choice considering the trade-off between specification impact and flexibility on frequency domain resource usage. It is noted that Option 3 needs to be clarified from the perspective of PDSCH reception, as follows.
· Alt. 1: UE assumes that all RE/RBs allocated for PDSCH are transmitted, which means gNB transmits PDSCH only if CCA is successful at gNB for all of LBT sub-bands which include the scheduled PDSCH.
· Alt. 2: UE assumes that a part of RE/RBs allocated for PDSCH may not be transmitted due to LBT failure at gNB, which means gNB can transmit PDSCH even if CCA is not successful at gNB for a part of LBT sub-bands which include the scheduled PDSCH.
Proposal #1: For BWP-based DL operation within a carrier with bandwidth larger than 20 MHz,

· Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB.

·  Alt. 1: UE assumes that all RE/RBs allocated for PDSCH are transmitted, which means gNB transmits PDSCH only if CCA is successful at gNB for all of LBT sub-bands which include the scheduled PDSCH.
·  Alt. 2: UE assumes that a part of RE/RBs allocated for PDSCH may not be transmitted due to LBT failure at gNB, which means gNB can transmit PDSCH even if CCA is not successful at gNB for a part of LBT sub-bands which include the scheduled PDSCH.
For BWP-based UL operation within a carrier with bandwidth larger than 20 MHz, the following options were agreed in RAN1#95 meeting, similar to DL case.

· 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

For Option 1, significantly higher UE implementation complexity can be required since UE needs to prepare for multiple transport blocks even for a single carrier. For Options 2 and 3, similar to the DL case, Option 3 seems to be a reasonable choice considering the trade-off between specification impact and flexibility on frequency domain resource usage. Also, it is noted that Option 3 needs to be clarified from the perspective of PUSCH reception, as follows.

· Alt. A: UE transmits PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.

· Alt. B: UE can transmit PUSCH over a part of LBT sub-bands where LBT is successful even if CCA is not successful at UE for other part of LBT sub-bands which include the scheduled PUSCH.

TB mapping to be robust against partial PUSCH transmission for Alt. B can be considered (e.g., frequency-first RE mapping within a LBT sub-band first, and then across LBT sub-bands) and above options may be dependent on UL waveform (i.e., CP-OFDM and DFT-s-OFDM). Furthermore, for PUCCH and PRACH, one PUCCH resource or one RACH occasion can be configured to be confined within a LBT sub-band.
Proposal #2: For BWP-based UL operation within a carrier with bandwidth larger than 20 MHz, the following alternatives can be considered.

· Alt. A: UE transmits PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.

· Alt. B: UE can transmit PUSCH over a part of LBT sub-bands where LBT is successful even if CCA is not successful at UE for other part of LBT sub-bands which include the scheduled PUSCH.

All above options for DL and UL bandwidth part operations need to be studied in terms of their feasibility and RF aspects. Especially for the feasibility on our proposals 1 and 2, considering that carrier aggregation for LTE LAA is already specified with the implementation of single RF and digital filtering to perform LBT per 20 MHz and transmit 20 MHz chunk(s) based on LBT outcome, 20 MHz sub-band based LBT operation and (contiguous or non-contiguous) LBT sub-band(s) transmission based on the LBT outcome can be also feasible. However, for RF requirements on our proposals 1 and 2, some efforts may be necessary due to the difference between in-band emission requirement within a carrier and inter-carrier emission requirement (e.g., ACLR).

In addition, it is noted that if RAN4 identifies that guard tones at the boundaries of LBT sub-bands are required considering in-band emission and/or RF adaptation, RAN1 needs to study potential impact of guard tones e.g., on DL/UL resource allocation, DL/UL resource mapping, etc.

3. Conclusion
In this contribution, we provided our views on bandwidth part operation for NR-U and proposals are as follows.
Proposal #1: For BWP-based DL operation within a carrier with bandwidth larger than 20 MHz,

· Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB.

·  Alt. 1: UE assumes that all RE/RBs allocated for PDSCH are transmitted, which means gNB transmits PDSCH only if CCA is successful at gNB for all of LBT sub-bands which include the scheduled PDSCH.
·  Alt. 2: UE assumes that a part of RE/RBs allocated for PDSCH may not be transmitted due to LBT failure at gNB, which means gNB can transmit PDSCH even if CCA is not successful at gNB for a part of LBT sub-bands which include the scheduled PDSCH.
Proposal #2: For BWP-based UL operation within a carrier with bandwidth larger than 20 MHz, the following alternatives can be considered.

· Alt. A: UE transmits PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.

· Alt. B: UE can transmit PUSCH over a part of LBT sub-bands where LBT is successful even if CCA is not successful at UE for other part of LBT sub-bands which include the scheduled PUSCH.
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