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1 Introduction   
In RAN1 #AH_1901 meeting, the following are achieved for DL wideband operation [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:
· 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
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]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


In RAN1#97 meeting, the following agreements have been reached [2]. 
	Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE.
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.


[bookmark: OLE_LINK35][bookmark: OLE_LINK36]In RAN1#98 meeting, the following agreements have been reached [3].
	Conclusion:
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.
Agreement:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen


In RAN1#98b meeting, the following agreements have been reached [4].
	Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.


In this contribution, we provide our views on PDCCH monitoring behavior and the effect of the intra-carrier guard band on the baseband filter in NR-U wideband operation.
1.1 PDCCH monitoring
For DL transmission，the following terminology was suggested by the feature leader prior to RAN1#96bis:
	· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Phase A: Outside of gNB’s channel occupancy
· Phase B: Beginning of gNB’s channel occupancy
· Phase C: Remainder of gNB’s channel occupancy


According to the offline email discussion in RAN1 #98 meeting, companies were encouraged to provide views on the PDCCH monitoring behavior:
	· Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behavior based on one or more of the following, to be further discussed:
· Indication, such as by a DCI content or DCI CRC pass, for example 
· Indication of flexible symbol in GC-PDCCH to drop monitoring
· Relation to the detection of a DL burst, for example
· [A->B] before and after the start of the DL burst 
· [B->C] before and after the end of the first full slot of a detected burst
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][C->B] before and after the end of the DL burst
· [B->A] before and after the end of the last slot of a detected burst
· Timer after DCI detection
· Configuration
· Note spec change may not be needed
· Note: monitoring behaviour may include CORESET and search space set parameter(s)


From the above discussion, the understanding of the terminologies is shown in the Figure.1. 
Phase A: Before the start of the DL burst 
Phase B: From the start of the DL burst to the end of the first full slot of a detected burst 
Phase C: From the end of the first full slot of a detected burst to the end of the DL burst


Figure 1: PDCCH monitoring
From frequency domain perspective, the non-CA UE behaviour of adjusting receiving baseband filter can be listed as follows.
· In Phase A, UE can use a full BWP filter for reception. 
· In Phase B/C, when the UE receive signals with the full BWP filter, if any LBT subband occupied by other nodes that have adjacent channel leakage, the UE will be significantly interfered. Thus, UE should use a filter according to LBT outcome indicated by GC-PDCCH. 
It should be noted that the CA UE will keep the behaviour common in different phases. For the CA UE, it can turn on the filters on each subband and the guard band will be kept at the edge of each subband (carrier). In this case, the adjacent channel interference is negligible. 
From time domain perspective, the UE behaviour of monitoring PDCCH in Phase A/B/C can be listed as follow.
· [bookmark: _GoBack]In Phase A, in order to obtain the start information of the DL burst in time, the UE may be configured to monitor GC-PDCCH with frequent PDCCH monitoring occasions. To reduce UE complexity, maybe half-slot based PDCCH is sufficient.
· In Phase B, there is sometimes a partial slot at the beginning of phase B, and thereby the UE may perform mini-slot based PDCCH monitoring, which can utilize the resources of the partial slot efficiently.
· In Phase C, UE can be configured with slot-based PDCCH. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK18]1.2 Intra-carrier guard band
1.2.1 Interruption time
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]According to agreements for NR-U, a UE can receive a PDSCH or transmit PUSCH within an LBT bandwidth or over multiple LBT bandwidths.
In order to avoid the interference at RX or the leakage at TX at the edge of a block (formed by consecutive LBT successful subband(s)), the baseband filter is required to be adjusted from the full BWP BW to the block BW, generally from wider BW to narrower BW, e.g. from 40MHz to 20MHz. In the discussion of RAN4 [5] [6], the gNB needs 4~5us to adjust the baseband filter, and the UE needs several symbols to adjust the receiving baseband filter.
During the UE baseband filter adjustment, the UE cannot receive data. Since the reception or transmission is interrupted during the adjustment time, the gNB and the UE need to be consistent for the interruption due to filter adjustment. 
Proposal 1: The interruption due to filter adjustment at UE side should be considered.
1.2.2 Starting of the interruption
The starting of the interruption can be considered as follows:
Option 1: After GC-PDCCH, shown in Figure 2.
Option 2: From several symbols before the second full slot, shown in Figure 3.


Figure 2: Interruption starts after the UE decodes the GC-PDCCH 
For Option 1, as shown in Figure 2, after the UE decodes the GC-PDCCH and obtains the LBT outcome, it can start the filter adjustment. After the adjustment, subband1 and subband2 form a block, which can be used to receive PDSCH or transmit PUSCH. Option1 can utilize the resources of the intra-carrier guard band in a timely manner.


Figure 3: Interruption starts from several symbols before the second full slot
For Option 2, as shown in Figure 3, the UE can start the filter adjustment from several symbols before the second full slot. Option 2 can make the time domain resource of the partial slot in Phase B more efficient.
[bookmark: OLE_LINK21][bookmark: OLE_LINK24]Proposal 2: The interruption due to the filter adjustment can happen at a time as follows:
Option 1: After GC-PDCCH
Option 2: From several symbols before the second full slot
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]1.2.3 The use of the intra-carrier guard band 
In RAN4#92b, the following agreements have been reached [7]
	· Define two different types intra-carrier guards: 
· Type-1 Intra-carrier guardband
· Type-2 Intra-carrier guardband
[image: ]
· Scheduling in Type-2 intra-carrier GBs is not feasible
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]From the coexistence perspective, there is no need for Type-1 intra-carrier GBs


RAN4 agreements can be summarized with the following bullets:
· Type-1 Intra-carrier GBs are guard bands between LBT successful subbands
· Type-2 Intra-carrier GBs are guard bands between LBT successful subband and LBT failed subband
· Intra-carrier guard band between LBT successful subband and LBT failed subband cannot be scheduled
· Intra-carrier guard band between LBT successful subbands can be scheduled
In RAN1#98bis, the indication of intra-carrier guard bands was defined. 
	Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation


But whether and how the intra-carrier guard bands can be part of resource allocation is still FFS. 
First of all, intra-carrier guard band between LBT successful subbands can be scheduled in the view of RAN4. So, the answer of whether the intra-carrier guard bands can be part of resource allocation is positive.
Proposal 3: An intra-carrier guard band can be part of a resource allocation, if two adjacent LBT bandwidths separated by the intra-carrier guard band are indicated LBT success.
Secondly, “when the intra-carrier guard bands can be part of resource allocation” should be answered. It is tightly related to the interruption due to the filter adjustment, as discussed above. In our view, after the interruption due to the filter adjustment, the intra-carrier guard band can be allocation to UE and UE can receive or transmit data with proper filter.
Thirdly, “how the intra-carrier guard bands can be part of resource allocation” should be answered. In our view, there could be no explicit signaling to trigger UE to use the intra-carrier guard bands. In other words, after a time offset relative to the starting of COT exceeding the interruption, UE can use the intra-carrier guard bands. The time offset can be defined according to the interruption due to the filter adjustment discussed above, and specified by RAN4.
[bookmark: OLE_LINK3]Proposal 4: The intra-carrier guard band can be part of a resource allocation after a time offset relative to the starting of COT, where the time offset is to be specified in RAN4.

2 Conclusion
Based on the discussions above, we have the following proposals.
Proposal 1: The interruption due to filter adjustment at UE side should be considered.
Proposal 2: The interruption due to the filter adjustment can happen at a time as follows:
Option 1: After GC-PDCCH
Option 2: From several symbols before the second full slot
Proposal 3: An intra-carrier guard band can be part of a resource allocation, if two adjacent LBT bandwidths separated by the intra-carrier guard band are indicated LBT success.
Proposal 4: The intra-carrier guard band can be part of a resource allocation after a time offset relative to the starting of COT, where the time offset is to be specified in RAN4.
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