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Introduction
In RAN1#106-e meeting, RAN1 made the following agreements for UE-initiated FBE and harmonizing CG-PUSCH in URLLC and NR-U [1]. 
	Agreement
In semi-static channel access mode, the content in a scheduling DCI that indicates the assumption on the COT-initiator for the scheduled transmission is determined based on the channel access field in the DCI.
Agreement
In semi-static channel access mode, 
· The inclusion of the channel access field in Rel-16 DCI 0_1 and 1_1 in Rel-17 DCI 0_2 and 1_2, respectively, is supported.
Agreement
In semi-static channel access mode, the size of channel access field in a scheduling DCI with format 0_0/1_0, 0_1/1_1, 0_2/1_2 is 2 bits.
Agreement
In semi-static channel access mode, the content of the channel access field in a DCI scheduling a UL transmission for a UE determines an index to a row in Table 1
TABLE 1
	Bit field mapped to index
	Channel Access Type
	The CP extension T_"ext"  index defined in Clause 5.3.1 of [4, TS 38.211]
	Initiator of a channel occupancy associated to UL transmission described in Clause x.x in TS 37.213

	0
	No sensing as defined in Clause 4.3 in TS 37.213
	0
	gNB

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2
	gNB

	2
	9us sensing within a 25us interval as defined in Clause 4.3 in TS 37.213
	0
	gNB

	3
	9us sensing as defined in Clause x.x in TS 37.213
	0
	UE


· Note: The last row in Table 1 is only applicable when the UE can operate as an initiating device as configured by gNB. 
· Note 1: The intention of Clause x.x above is to describe the LBT procedure from a UE perspective when this operates as initiating device.  
· Note 2: A UE operating as initiating device may transmit an UL transmission burst(s) within its u-FFP immediately after sensing the channel to be idle for at least a sensing slot duration [image: ] if the gap between the UL transmission burst(s) and any previous transmission burst is more than [image: ]

Conclusion
Any UL or DL transmission that is expected to occur, should be associated to a Channel Occupancy (CO) with a corresponding FFP. When a transmission is associated to a CO with a corresponding FFP:
· The association of the transmission to a CO with corresponding FFP is based on either of the following assumption:
· “Initiating COT”: This assumption implies that the transmission would initiate a CO corresponding the FFP.
· “Sharing COT”: This assumption implies that the transmission would share a CO corresponding to the FFP.
· The association assumption is validated as follows:
· “Initiating COT” assumption is validated if the transmission would start at the FFP boundary and would end before idle period of the FFP.
· “Sharing COT” assumption is validated if the transmission would start after the FFP boundary and would end before idle period of the FFP and the CO corresponding to the FFP is initiated.
· A transmission based on a CO association assumption can occur if the CO association assumption is validated and if the following sensing conditions are met:
· For CO association assumption as “Initiating COT”:
· If a CCA is successful before the transmission.
· For CO association assumption as “Sharing COT”
· If the gap between the beginning of the transmission and the end of previous one sharing the same CO in that FFP is more than 16us and if a CCA is successful before the transmission.
· IF the gap between the beginning of the transmission and the end of previous one sharing the same CO in that FFP is at most 16us

Agreement
In semi-static channel access mode, a DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, shall include at least scheduled DL transmission or a DCI intended for the UE that initiated that FFP.
· FFS whether/how the DL transmission burst can include transmission to any other UE in the cell than the COT initiating UE and/or broadcast transmission while ensuring that the COT initiated by the UE is not shared by any other UE in the cell for any UL transmission

Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a later g-FFP that is different from the g-FFP that carries the scheduling DCI:
· The UE follows the indicated COT initiator as the following:
· If the UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions, the transmission occurs. Otherwise, the transmission is dropped.

Agreement
· When a UE operates as an initiating device, and the gNB shares a UE’s FFP for DL transmission, regardless of the gap between any UL and DL bursts, no restriction is imposed on the maximum duration of each of the DL bursts such that each can continue until the UE FFP idle period starts.
· Note: The applicability of the EDT calculation based on the UE’s transmit power to the UE COT initiation in accordance to the UL-DL gap duration and/or the content of the DL burst is separately discussed

Conclusion
There is no consensus in RAN1 to support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode.

Agreement
Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.


In this contribution, the remaining issues for UE-initiated FBE and how to harmonize UL configured-grant in NR-U and URLLC are discussed. 
Discussion
UE-initiated COT for FBE
[bookmark: _GoBack]In last meeting, RAN1 agreed most of main designs for UE initiated COT. One FFS point is about whether/how the DL transmission burst can include transmission to any other UE in the cell than the COT initiating UE and/or broadcast transmission while ensuring that the COT initiated by the UE is not shared by any other UE in the cell for any UL transmission. 
If DL transmission can include transmission to any other UE in the cell than the COT initiating UE, it needs to discuss whether and how a UE performs UL transmission depends on gNB’s COT detection. In Rel-16, it is simple for UE to determine the presence of COT by detecting any DL transmission within a gNB’s FFP (not necessarily at the beginning of gNB’s FFP), because the only role of gNB is an initiator. However, in Rel-17, gNB can be an initiator or responder, simple DL transmission detection cannot differentiate whether the DL transmission is sent based on gNB-initiated COT or sharing another UE-initiated COT.  
The straightforward way is an explicit indication for gNB-initiated COT, e.g. indication in DCI 2_0. If a gNB does not configure the explicit indication, an implicit indication mechanism is needed, e.g. the UE assumes the gNB has initiated a COT if the UE detects pre-defined DL transmission at the beginning of gNB FFP. The design should strive to achieve similar detection performance and scheduling flexibility as Rel-16 NR-U. 
Proposal 1: For gNB-initiated COT detection, the following mechanism can be considered: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 

For configured UL transmission, if a UL transmission is aligned with a UE FFP boundary and ends before idle period of that UE FFP, and the UL transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT. In that meeting, there was some discussion on how to understand ‘otherwise’, but no clear conclusion was made due to limited time. In our understanding, ‘otherwise’ includes (a) the case that a UL transmission overlapped with the idle period of that gNB FFP, and (b) the case that a UL transmission ends before the idle period of that gNB FFP but UE has not determined the gNB has initiated that gNB FFP. In both cases, UE assumes the UL transmission can initiate UE COT. 

Harmonizing CG PUSCH in NR-U and URLLC
For Rel-16 URLLC PUSCH repetition Type B on unlicensed band, the impact of FBE frame structure and LBT operation should be considered. 
In case of FBE, a UE is not allowed to transmit during its idle period if the UE has initiated the COT. For PUSCH repetition Type B, there can be several ways to ensure no transmission during the idle period, including (1) drop the nominal repetition overlapped with idle period, (2) split a nominal PUSCH around the idle period, i.e. a nominal PUSCH is split into two actual repetitions around the symbol containing the idle period, as shown in Figure 1.  Considering (2) achieves better transmission efficiency and is more aligned with PUSCH repetition Type B design principle, (2) should be supported. In previous meeting, there were some discussions on the potential issues on misalignments on u-FFP and g-FFP. The mis-detection of gNB-initiated COT is a common issue, and the mis-detection rate is expected to be quite low.  However, dropping a nominal repetition has big performance impact on all the transmissions. 



Figure 1 PUSCH repetition Type B around UE idle period 
For LBT impact, both how to ensure sufficient gap for LBT and how/whether avoid unnecessary gap for LBT should be considered.  In case a UE splits one nominal repetition into two actual repetitions around the invalid symbol, the UE has to perform LBT before each actual repetition. However, URLLC PUSCH repetition Type B design does not provide sufficient gap between the invalid symbol and next actual repetition for LBT for some cases. For example, the actual repetition starts right after the end of SS/PBCH or Type-0 PDCCH CSS symbols (maybe in semi-static flexible symbols) as shown in Figure 2a. Then, LBT before 2nd actual repetition is blocked by Type-0 CSS, thus 2nd actual repetition is dropped. If there is additional gap after Type-0 CSS, as shown in Figure 1b, UE can transmit 2nd actual repetition after the successful LBT. 


Figure 2a                                                                                 Figure 2b
For Rel-16 URLLC PUSCH repetition Type B, unless 1-symbol nominal repetition indicated/configured by gNB, orphan symbol is skipped. In case of transmission on unlicensed band, the orphan symbol creates gap between two repetitions, which requires unnecessary LBT.  For interference well-controlled environment, the probability of LBT failure is extremely low so that the impact caused by orphan symbol is negligible. On the other hand, since TDRA should be carefully selected by gNB and orphan symbol can be avoided by gNB implementation.  Therefore, no enhancement for orphan symbol is needed. 
Proposal 2: For PUSCH repetition Type B over unlicensed band, to cope with FBE frame structure and LBT operation:
· Support segmentation around idle period.  
· Support additional gaps to avoid LBT blocking from DL signals/channels. 
· No enhancement for orphan symbol. 
Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Proposal 1: For gNB-initiated COT detection, the following mechanism can be considered: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 
Proposal 2: For PUSCH repetition Type B over unlicensed band, to cope with FBE frame structure and LBT operation:
· Support segmentation around idle period.  
· Support additional gaps to avoid LBT blocking from DL signals/channels. 
· No enhancement for orphan symbol. 
Reference 
[1] RAN1 chairman’s notes for RAN#1 106-e meeting.  
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