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1. Introduction
At the RAN1 NR-Adhoc #1901 meeting, wide-band operation for NR-U was discussed and following agreements and conclusion were made [1]. 
	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.

Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

Conclusion:
The channel access aspects of wideband operation should be discussed further as part of the channel access discussions



In this contribution, we discuss further on the wideband operation for NR-U. 
2. Wideband operation in NR-U
2.1	UE behavior for DL wideband operation in NR-U
As introduced in Section 1, it was agreed that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB, i.e., option 2 and 3 in TR [2]. In addition, following agreement regarding the detection of DL transmission burst of serving gNB was also made at the last RAN1 meeting.
	Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving



According to the above agreements, the UE may first perform DMRS detection, and if DMRS of the serving gNB is detected, the UE would then perform PDCCH and/or GC-PDCCH blind detection. In case of wideband operation with option 2, the UE can perform DMRS detection and PDCCH/GC-PDCCH blind detection on single active DL BWP since the gNB does not change the transmission bandwidth of DMRS/PDCCH/GC-PDCCH based on the sub-band LBT results in option 2 operation. However, in case of wideband operation with option 3, since the gNB would change the transmission bandwidth of DMRS/PDCCH/GC-PDCCH based on the sub-band LBT results, the UE should not assume that the transmission of DMRS/PDCCH/GC-PDCCH from the serving gNB is always on whole bandwidth of the single active DL BWP. It means that the UE should change its assumption for DMRS/PDCCH/GC-PDCCH detection according to gNB operation type, i.e., whether gNB operates with option 2 or 3.
Proposal 1: For DL wideband operation in NR-U, the UE is informed whether the serving gNB operates with option 2 or option 3.

In case of wideband operation with option 3, following alternative UE behaviors for DMRS detection can be considered.
· Alt.1: The UE performs DMRS detection on every LBT sub-band individually within single active DL BWP.
· This alternative assumes that any single LBT sub-band may be transmitted according to the sub-band LBT results.
· Based on the DMRS detection result, the UE may be able to estimate LBT sub-band(s) to be used for PDCCH/GC-PDCCH transmission although there may be a false detection of DMRS.
· Alt.2: The UE performs DMRS detection on multiple candidate combinations of LBT sub-bands within single active DL BWP.
· For example, if there are three sub-bands (A, B, C) within the single active DL BWP, the UE performs DMRS detection with multiple hypotheses, such as DMRS transmission on A, B, C, A+B, A+C, B+C and A+B+C.
· Based on the DMRS detection result, the UE may be able to estimate LBT sub-band(s) to be used for PDCCH/GC-PDCCH transmission, and a probability of false detection may be smaller than that of Alt.1. However, the detection complexity would be high especially in case that there are many LBT sub-bands (e.g., 4 or 5) within the single active DL BWP.
· Alt.3: The UE performs DMRS detection only on one specific LBT sub-band within single active DL BWP.
· This alternative assumes that when the gNB transmits DL signals/channels on one or multiple LBT sub-bands according to sub-band LBT results, at least the specific LBT sub-band is used for the transmission, i.e., if LBT on the specific LBT sub-band is failed, gNB does not transmit even when LBT on other sub-band(s) is successful. Such specific LBT sub-band can be determined by gNB and can be informed to the UE.
· Based on the DMRS detection result, the UE may be able to estimate the presence of gNB’s DL burst transmission at least on the specific LBT sub-band. However, without information on other LBT sub-band(s) to be used for PDCCH/GC-PDCCH transmission, the UE may just perform PDCCH/GC-PDCCH blind detection only on the specific LBT sub-band.
In addition, it should be considered that how to determine LBT sub-band(s) to be monitored by UE for PDCCH/GC-PDCCH detection. In above Alt.1 and Alt.2, it could be determined by LBT sub-band(s) where DMRS is detected. In above Alt.3, since DMRS detection is performed only on the single LBT sub-band, other mechanism to determine LBT sub-band(s) to be monitored for PDCCH/GC-PDCCH detection would be necessary. One example is that if UE is informed of association between DMRS sequence pattern and corresponding combination of LBT sub-band(s) and the UE performs DMRS detection with multiple hypotheses such as the multiple sequence patterns, the UE may be able to estimate LBT sub-band(s) to be used for PDCCH/GC-PDCCH transmission according to the detected DMRS sequence pattern. RAN1 should discuss on above alternatives on UE behavior for DMRS detection and how to determine LBT sub-band(s) to be monitored for PDCCH/GC-PDCCH detection. In addition, according to above discussion, at least UE behavior for wideband operation with option 3 would be more complex than that for wideband operation with option 2. Hence, the UE capability for support of DL option 3 can be considered.
Proposal 2: The UE behaviour for DMRS detection and how to determine LBT sub-band(s) to be monitored for PDCCH/GC-PDCCH detection in case of DL wideband operation with option 3 is down-selected from following alternatives.
· Alt.1: The UE performs DMRS detection on every LBT sub-band individually within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.2: The UE performs DMRS detection on multiple candidate combinations of LBT sub-bands within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.3: The UE performs DMRS detection only on one specific LBT sub-band within single active DL BWP according to gNB configuration, and the UE performs PDCCH/GC-PDCCH detection on one or multiple LBT sub-bands, e.g., according to DMRS detection result such as detected DMRS sequence pattern.


2.2	Support of UL wideband operation in NR-U
There is a BWP restriction that center of DL BWP and that of UL BWP need to be aligned in TDD operation in Rel-15. So, if UL BWP is narrow while DL BWP is wide, UL traffic is focused on the center of the wideband. Therefore, since the DL wideband operation is supported, the UL wideband operation should also be supported in NR-U. For UL transmission, even when the wide UL BWP is activated for a UE, the UE can be provided the resource for UL transmission, which can be whole or part of the wide UL BWP. At the last RAN1 meeting, following working assumption was made [1].
	Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported



[bookmark: _GoBack]If partial interlace allocation within a wide UL active BWP is supported, UL traffic i.e., multiple UL transmissions from different UEs can be distributed across LBT sub-bands within the wide BWP. Assuming such operation, the necessity of wideband operation with option 3 for UL would be smaller than that for DL. Therefore, we propose to support at least option 2 for UL wideband operation, and also propose to study on how to support partial interlace allocation e.g., resource allocation confined within a LBT sub-band in case of wide active UL BWP.
Proposal 3: For UL wideband operation in NR-U, at least following is supported.
· Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on whole resource scheduled/configured for PUSCH within the BWP if CCA is successful at UE for the whole resource


3. Conclusion
In this contribution, we discussed on the wideband operation for NR-U. Based on the discussion, we made following proposals.
Proposal 1: For DL wideband operation in NR-U, the UE is informed whether the serving gNB operates with option 2 or option 3.
Proposal 2: The UE behaviour for DMRS detection and how to determine LBT sub-band(s) to be monitored for PDCCH/GC-PDCCH detection in case of DL wideband operation with option 3 is down-selected from following alternatives.
· Alt.1: The UE performs DMRS detection on every LBT sub-band individually within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.2: The UE performs DMRS detection on multiple candidate combinations of LBT sub-bands within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.3: The UE performs DMRS detection only on one specific LBT sub-band within single active DL BWP according to gNB configuration, and the UE performs PDCCH/GC-PDCCH detection on one or multiple LBT sub-bands, e.g., according to DMRS detection result such as detected DMRS sequence pattern.
Proposal 3: For UL wideband operation in NR-U, at least following is supported.
· Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on whole resource scheduled/configured for PUSCH within the BWP if CCA is successful at UE for the whole resource
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