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1. Introduction
In this contribution, we’d like to discuss channel access for cases of wideband operation and COT sharing. The following are some relevant agreements achieved in previous RAN1 meetings. 
RAN1#94 [2]
Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation
RAN1#95 [2]
Agreement:
At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 





Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
FFS: The case where the gap between a DL and UL transmission may be larger than 25 us

Agreement:
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec
Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.


	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
Note: the number of LBT attempts within a COT should be discussed further during the WI.

RAN1 AH 1901 [3]
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: 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs
2. Discussion
2.1 Channel access for a wideband carrier
In LTE-LAA, channel access for multi-carrier is introduced. CWS maintenance/adjustment method to support such channel access is also introduced as follows. 
· [bookmark: _GoBack]Type A: eNB performs Cat-4 based LBT on only one unlicensed carrier
· Option 1: One CW size is updated based on HARQ feedback for all the carriers.  
· Option 2: CW size is updated independently per carrier. The largest CW size among the carriers is used to draw the backoff counter.  
· Type B: eNB performs Cat-4 based LBT on more than one unlicensed carriers
· eNB can perform CW window update independently for Cat-4 based LBT on more than one unlicensed carriers
Since a LBT sub-band on a wideband carrier is similar to a carrier in LTE-LAA from the perspective of channel access, the similar way for CWS adjustment could be adopted by NR-U via treating a LBT sub-band like a carrier in LTE-LAA. 
In addition, regarding CWS adjustment for a wideband carrier, there are two aspects needed to be considered, i.e. resource mapping for PDSCH/PUSCH and BWP switching for UL. 
Firstly, regarding resource mapping for PDSCH/PUSCH, if the BWP contains two or more LBT sub-bands, the PDSCH/PUSCH may be mapped to resources across multiple LBT sub-bands. An example is as shown in figure 1, assuming DL.
In LTE-LAA, both Type A and Type B support CWS adjustment per carrier. Similarly, CWS adjustment per sub-band could be supported. For convenience of CWS adjustment per LBT sub-band, it’s better that the resource for each CBG of PDSCH/PUSCH is confined within a LBT sub-band, as shown in figure 2, so that the ACK/NACK value corresponding to the CBG can reflect the congestion status of the corresponding LBT sub-band. This is also beneficial for dynamic selection of LBT sub-band for transmission in which part of scheduled resources may be punctured due to LBT failure corresponding to the part of resources. Otherwise, whether/how to count the ACK/NACK of TBs/CBGs across LBT sub-bands for CWS adjustment may need to be considered separately from the other TBs/CBGs.


Figure 1. Example of PDSCH/PUSCH across multiple LBT sub-bands


Figure 2. Example of PDSCH/PUSCH resource mapping with each CBG confined within a LBT sub-band
Secondly, for UL, another issue is how to maintain/adjust CWS value for the case of BWP switching. Figure 3 shows two cases, i.e. switching between BWPs with or without overlapping. Both cases should be considered.

[image: ]
Figure 3. Example of UL BWP switching
Based on the discussion above, we have following proposals.
Proposal 1: For CWS adjustment with wideband (>20 MHz) operation including BWPs, support CWS adjustment per LBT sub-band.
Proposal 2: For convenience of CWS adjustment per LBT sub-band and dynamic selection of LBT sub-band for transmission, the resource for each CBG of PDSCH/PUSCH is confined within a LBT sub-band.
Proposal 3: With respect to CWS maintenance for the cases of BWP switching, consider switching between BWPs with or without overlapping.
2.2 Channel access for COT sharing
As agreed in RAN1#95 meeting, within a gNB-initiated COT, UE could use Cat 2 LBT if the gap between any two successive scheduled/grant transmissions in the COT is not greater than 25 us, and could use Cat 1 LBT if the gap between the end of DL transmission to the beginning of the UL burst is not more than 16 us. If assume ON/OFF time mask for UL transmission in NR Rel-15, the UL transmission would be blocked by the previous transmission, because the actual gap for Cat 2 LBT would be less than the duration for Cat 2 LBT due to ON-OFF transient period. An example is shown in figure 4.
[image: ]
Figure 4. Example of UL transmission blocking due to ON-OFF transient period
As discussed above, considering the potential blocking issue, the design of ON/OFF time mask for NR-U would have impact on channel access for COT sharing. In LTE-LAA, this issue is avoided by confining the ON-OFF transient period within the transmission to some extent. Similar design may be applicable in NR-U. However, considering new channels (PRACH/PUCCH) and SCS etc., this may not be applicable to all of the UL transmissions in NR-U. For the transmission with ON-OFF transient period not confined within the transmission, to allow it to transmit by Cat 2 LBT in a shared COT, a potential solution is to re-define the limitation on gap according to the time mask. Another way is to re-define the start/end of transmission. 
Taking the discussion above into account, for further discussion on channel access for COT sharing, RAN1 should send an LS to RAN4 asking for design of ON/OFF time mask for NR-U.

Observation 1: In LTE-LAA, potential blocking due to ON-OFF transient period is avoided by confining the ON-OFF transient period within the transmission to some extent. Such design may not be applicable to all of the UL transmissions in NR-U, considering new channels (PRACH/PUCCH) and SCS etc.
Proposal 4: For further discussion on channel access for COT sharing, RAN1 should send an LS to RAN4 asking for design of ON/OFF time mask for NR-U.
3. Conclusions
In this contribution, channel access for a wideband carrier and channel access for COT sharing are discussed. And we have the following observation and proposals.
Proposal 1: For CWS adjustment with wideband (>20 MHz) operation including BWPs, support CWS adjustment per LBT sub-band.
Proposal 2: For convenience of CWS adjustment per LBT sub-band and dynamic selection of LBT sub-band for transmission, the resource for each CBG of PDSCH/PUSCH is confined within a LBT sub-band.
Proposal 3: With respect to CWS maintenance for the cases of BWP switching, consider switching between BWPs with or without overlapping.
Observation 1: In LTE-LAA, potential blocking due to ON-OFF transient period is avoided by confining the ON-OFF transient period within the transmission to some extent. Such design may not be applicable to all of the UL transmissions in NR-U, considering new channels (PRACH/PUCCH) and SCS etc.
Proposal 4: For further discussion on channel access for COT sharing, RAN1 should send an LS to RAN4 asking for design of ON/OFF time mask for NR-U.
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