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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#106e, we agreed and concluded the following:
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.

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, 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 with Alt-1 (Option 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
	Alt-1:gNB
Alt-2: UE-initiated COT if condition A, otherwise gNB’s COT

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2
	Alt-1:gNB
Alt-2: UE-initiated COT if condition A, otherwise gNB’s COT

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

	3
	9us sensing [within a 25us interval] as defined in Clause 4.3 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. 

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.

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.

Agreement
Replace “9us sensing [within a 25us interval] as defined in Clause 4.3 in TS 37.213” with “9us sensing as defined in Clause x.x in TS 37.213” in the last row of Table 1 in the previous agreement and add the following notes to Table 1:
· 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  if the gap between the UL transmission burst(s) and any previous transmission burst is more than 

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


This contribution discusses some remaining issues on unlicensed URLLC.
[bookmark: _Hlk68192600]
2. Discussions
2.1 UE Initiated COT
It was agreed that a gNB sharing a UE initiated COT is not allowed to schedule another UE as per regulations.  However, it may be beneficial for a gNB under a UE initiated COT to be able to schedule another UE for URLLC traffic, i.e. that has very low latency.  One way to do this is to allow the gNB to dynamically cancel a UE initiated COT.  An example is shown in Figure 1, where the UE initiates a COT at time t2 and proceeds to transmit CG#1, which is a CG-PUSCH.  After the PUSCH transmission, the gNB needs to schedule a URLLC PDSCH to another UE and here it sends a cancellation to the UE that initiated the COT so that it can now schedule PDSCH#1 for another UE carrying URLLC traffic.  If the gNB cannot cancel the UE initiated COT, it has to wait till the start of the next gNB’s FFP i.e. at time t7 before it could schedule another UE.

[image: ]
[bookmark: _Ref68195167]Figure 1: UE COT cancellation

Observation 1: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.

There are proposals to reuse the SFI GC-DCI to cancel a UE COT [1].  There are drawbacks in using this method:
· The SFI can only change Flexible Symbols and so those symbols that are already configured as semi-static UL symbols cannot be cancelled.
· The SFI would prevent other UEs from initiating a COT since it changes the entire OFDM symbol and therefore cannot target a specific UE
· If the SFI cancels a UE COT by turning the Flexible Symbols to DL symbols then the gNB cannot use these symbols to schedule another UE for uplink transmissions thereby reducing gNB scheduler flexibility
An easier approach is to transmit a single bit indicator to the UE that has initiated a COT.  The details of this COT cancellation indicator can be FFS.
Observation 2: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Proposal 1: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 


2.2 CG-PUSCH Repetitions
When a nominal Type B PUSCH repetition overlaps the Idle Period, the following alternatives were considered in the previous meeting [2]:
· Alt 1: If a nominal repetition overlaps with a set of symbols in an Idle Period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the Idle Period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the Idle Period is applied when applicable.
· FFS on handling the misalignment between gNB and UE on the COT initiator associated to an Idle Period
· Alt 2: If a nominal repetition overlaps with an Idle Period associated to gNB’s FFP in case UE shares gNB-initiated COT or associated to UE’s FFP in case UE assumes UE-initiated COT, the nominal repetition is dropped (i.e. no segmentation around the Idle Period).

In Rel-16, when a nominal PUSCH repetition Type B overlaps with invalid symbols, it is segmented.  Since UE is not allowed to transmit in the Idle Period of the initiating device, then the symbols overlapping this Idle period should be treated as invalid symbols and therefore the nominal PUSCH repetition is segmented, that is, we have a preference for Alt 1.  The UE can follow the initiating rule after the Idle Period in determining whether the remaining actual PUSCH(s) is transmitted according to gNB or UE COT.  
Proposal 2: If a nominal repetition overlaps with a set of symbols in an Idle Period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the Idle Period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the Idle Period is applied when applicable.
· The UE follows the COT initiating rule in determining the COT initiator


PUSCH segmentation may cause an orphan symbol, i.e. an actual PUSCH repetition that is 1 OFDM symbol duration.  In the previous meeting, the following options were considered [2]:
Option 1: Orphan symbol(s) are dropped as in Rel-16
Option 2: Orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details

CG-PUSCH repetitions in Rel-16 NR-U are transmitted in Transmission Occasions (TO) that are determined by the parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16.  Since these parameters are RRC configured, the gNB can configure them such that the TO’s for the CG-PUSCH repetitions avoid a crossing slot boundary and avoid semi-static DL/invalid symbols, i.e. the gNB can configure the CG-PUSCH repetitions to avoid segmentation [3].  Therefore, an orphan symbol is likely caused by segmentation around the Idle Period.  Option 2 is proposed to avoid LBT due to the absence of transmission during the orphan symbol.  The orphan symbol will therefore likely be before or after an Idle period and hence it doesn’t matter whether there is an actual PUSCH before and after the orphan symbol or not: the UE would have to perform LBT and so Option 2 does not offer much benefit.  We therefore have a preference to reuse the Rel-16 behaviour, i.e. the UE drops the orphan symbol.
Observation 3: The gNB can avoid PUSCH segmentation for a CG-PUSCH repetition by proper configuration of the TO’s.
Observation 4: An orphan symbol is likely caused by segmentation of CG-PUSCH around an Idle Period and the UE will have to perform LBT for transmission after the Idle Period.
Proposal 3: Orphan symbols are dropped for PUSCH repetition Type B in unlicensed band operation.


3. Conclusion
In this contribution, we discuss some remaining issues on unlicensed band operation for URLC.  We observe the following
Observation 1: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.
Observation 2: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Observation 3: The gNB can avoid PUSCH segmentation for a CG-PUSCH repetition by proper configuration of the TO’s.
Observation 4: An orphan symbol is likely caused by segmentation of CG-PUSCH around an Idle Period and the UE will have to perform LBT for transmission after the Idle Period.


We therefore propose the following:

Proposal 1: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 
Proposal 2: If a nominal repetition overlaps with a set of symbols in an Idle Period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the Idle Period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the Idle Period is applied when applicable.
· The UE follows the COT initiating rule in determining the COT initiator

Proposal 3: Orphan symbols are dropped for PUSCH repetition Type B in unlicensed band operation.
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