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1. Introduction
At RAN1#106-e meeting, following agreements/conclusions related to enhancements for unlicensed band URLLC were made [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, 
1. 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, 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.
1. 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
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:
1. The association of the transmission to a CO with corresponding FFP is based on either of the following assumption:
0. “Initiating COT”: This assumption implies that the transmission would initiate a CO corresponding the FFP.
0. “Sharing COT”: This assumption implies that the transmission would share a CO corresponding to the FFP.
1. The association assumption is validated as follows:
1. “Initiating COT” assumption is validated if the transmission would start at the FFP boundary and would end before idle period of the FFP.
1. “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.
1. 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:
2. For CO association assumption as “Initiating COT”:
0. If a CCA is successful before the transmission.
2. For CO association assumption as “Sharing COT”
1. 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.
1. 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, 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:
1. The UE follows the indicated COT initiator as the following:
1. 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:
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.
1. 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 16us[image: ]
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.
1. 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



In the following section, UE-initiated COT for FBE and harmonizing UL CG enhancements are discussed.


2. UE-initiated COT for FBE
2.1. UE-to-gNB COT sharing
As mentioned in Section 1, detail of UE-to-gNB COT sharing was discussed in the last RAN1 meeting. It was agreed that a DL transmission burst shall include at least scheduled DL transmission or a DCI intended for the UE that initiated COT, while following aspects are still FFS:
· Any other DL can be included in the COT
· Applicability of the ED threshold calculation based on UE’s transmit power to the UE COT initiation

Regarding the 1st issue, we don’t think any additional restriction is necessary for the contents of the DL transmission burst as long as the agreed condition is satisfied. To ensure that the COT initiated by the UE is not shared by any other UE in the cell for any UL transmission, proper scheduling can avoid dynamic UL transmissions. For configured UL transmissions, COT duration indication in DCI 2_0 can be used to restrict the UL transmissions and hence, no additional mechanism is necessary.
Proposal 1:
· 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 the COT
· The DL transmission burst can also include transmission to any other UE in the cell than the COT initiating UE and broadcast transmission

Regarding the 2nd issue, it was discussed in the last RAN1 meeting and some companies showed concern that it seems advantageous for the gNB to often rely on sharing a UE initiated COT due to the higher EDT in the case when the DL burst contains user plane data to other UEs with a UL-DL gap less than 16us (no DL LBT). Therefore, following alternatives are to be discussed further:
	Proposal 3-3 (updated3):
Down select between following alternatives:
· Alt-1: For semi-static channel access when a UE operating as an initiating device acquires its FFP, support gNB sharing of the CO initiated by the UE with a sensing ED threshold that is calculated based on the UE’s transmit power, for DL transmission burst including unicast user plane data only to the same UE.
· FFS: whether the calculation of sensing EDT is applicable for DL transmission burst with unicast user plane data to other UEs with a UL-to-DL gap is 16us or less 
· Alt-2: For semi-static channel access when a UE operating as an initiating device acquires its FFP, support gNB sharing of the CO initiated by the UE with a sensing ED threshold that is calculated based on the UE’s transmit power



We think such intra-operator coexistence issue should be solved by proper scheduling and hence, no additional restriction is necessary.
Proposal 2:
· For semi-static channel access when a UE operating as an initiating device acquires its FFP, support gNB sharing of the CO initiated by the UE with a sensing ED threshold that is calculated based on the UE’s transmit power
· Note: no additional restriction is necessary for the contents of the DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, as long as it include at least scheduled DL transmission or a DCI intended for the UE that initiated the COT

2.2. UE initiated COT for wideband operation
It was discussed in the last RAN1 meeting whether UE FFP and COT-initiator assumption should be aligned across LBT bandwidths (RB sets) to avoid complicated design as follows:
	Proposal 4-2 (updated 1):
· Align the assumption regarding the COT initiator device of a FFP across all multiple RB sets in a carrier/BWP under the unaligned FFP structure between UE and gNB.
· FFS: how the UE guarantees/determines the COT initiator across multiple RB sets
Proposal 4-3:
· When operating on multiple carriers, the assumptions regarding the COT initiator are aligned across all carriers/ LBT BWs. In this case, a UE could assume to operate:
· as an initiating device over all RBs if for at least one LBT BW i) the UE assesses that it shall operate as initiating in that LBT BW or ii) the UE has received indication to the gNB that it shall operate as an initiating device; or 
· as a responding device over all RBs, if for each LBT BW i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device.



Assuming controlled environment, we think it is preferred to align UE FFP and COT initiator across all RB sets. Regarding how to guarantee/determine the COT initiator across all multiple RB sets, we think Proposal 4-3 as mentioned above can be considered as a starting point and we are open to further discuss the detail.
Proposal 3:
· Align the assumption regarding the COT initiator device of a FFP across all multiple RB sets in a carrier/BWP under the unaligned FFP structure between UE and gNB
· Following can be considered as starting point to guarantee/determine the COT initiator across all multiple RB sets:
· a UE can assume to operate:
· as an initiating device over all RB sets if for at least one RB set i) the UE assesses that it shall operate as initiating in that RB set or ii) the UE has received indication to the gNB that it shall operate as an initiating device; or 
· as a responding device over all RB sets, if for each RB set i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device.


3. Harmonizing UL configured-grant enhancements in NR-U and URLLC
3.1. Harmonization of PUSCH repetition type B
Regarding the harmonization of PUSCH repetition type B in Rel-16 URLLC for unlicensed bands, following open issues should be resolved as discussed in the last RAN1 meeting [2]:
· Whether PUSCH segmentation should take into account the idle period of an FFP
· Whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted
	Proposal 7-2(updated3):
· For PUSCH repetition Type B on unlicensed spectrum, select one of the following:
· 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 nomial repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nomial 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).
Proposal 7-3:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, select one of the following options 
· 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



Regarding the 1st issue, since the duration of idle period may range from 100us to 500us, which may correspond to several symbols, PUSCH repetition may overlap with the idle period where any UL transmission is not allowed. Therefore, the idle period should be taken into account for the PUSCH segmentation if the idle period corresponds to the COT initiator (either g-FFP or u-FFP). It was discussed in the last RAN1 meeting whether the nominal repetition is segmented (Alt 1) or dropped (Alt 2) if it is overlapped with the idle period. It is not preferred to drop the nominal repetition from URLLC perspective and hence we prefer Alt 1. Regarding the FFS part on how to handle the misalignment between gNB and UE on the COT initiator associated to an idle period, we don’t think it is the issue specific to PUSCH segmentation but rather applicable to overall operation on unlicensed bands. Therefore, we think no special handling is necessary for PUSCH segmentation but we are open to further discuss any solutions applicable to overall operation on unlicensed bands.
Proposal 4:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, support Alt 1, i.e., 
· 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.

Regarding the 2nd issue, the orphan symbol (i.e., actual repetition with 1-symbol transmission length) is dropped in Rel-16 PUSCH repetition Type B due to large DMRS overhead. However, for unlicensed band operation, the gap between two actual repetitions (with more than 1-symbol transmission length) leads to the need to perform additional LBT and increases the probability of LBT failure. To avoid this, the simplest way is to allow the transmission of the orphan symbol if it is between two actual repetitions that are transmitted. However, for DFT-s-OFDM, FDM of PUSCH and DMRS is not allowed and hence, the transmission of orphan symbol is allowed only for OFDM. It was discussed in the last RAN1 meeting how to generate the orphan symbol, such as
· extending the CP of the next symbol (as for CP extension in Rel-16)
· transmitting DMRS only
· generating an actual repetition while UCI multiplexing is not applied
We don’t think too much optimization is necessary for the design of orphan symbol, i.e., existing mechanism should be reused as much as possible. In that sense, we are fine with either option as mentioned above, but slightly prefer the 3rd one: generating an actual repetition while UCI multiplexing is not applied so that the specification impact is minimized.
Proposal 5:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, orphan symbol is transmitted if it is between two actual repetitions that are transmitted for OFDM waveform.
· The orphan symbol is generated as an actual repetition while UCI multiplexing is not applied
· For DFT-s-OFDM waveform, Rel-16 rule (i.e., dropping the orphan symbol) is applied.


4. Conclusion
In this contribution, we discussed the uplink enhancements for URLLC in unlicensed controlled environments. Based on the discussion, we made following proposals.
Proposal 1:
· 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 the COT
· The DL transmission burst can also include transmission to any other UE in the cell than the COT initiating UE and broadcast transmission
Proposal 2:
· For semi-static channel access when a UE operating as an initiating device acquires its FFP, support gNB sharing of the CO initiated by the UE with a sensing ED threshold that is calculated based on the UE’s transmit power
· Note: no additional restriction is necessary for the contents of the DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, as long as it include at least scheduled DL transmission or a DCI intended for the UE that initiated the COT
Proposal 3:
· Align the assumption regarding the COT initiator device of a FFP across all multiple RB sets in a carrier/BWP under the unaligned FFP structure between UE and gNB
· Following can be considered as starting point to guarantee/determine the COT initiator across all multiple RB sets:
· a UE can assume to operate:
· as an initiating device over all RB sets if for at least one RB set i) the UE assesses that it shall operate as initiating in that RB set or ii) the UE has received indication to the gNB that it shall operate as an initiating device; or 
· as a responding device over all RB sets, if for each RB set i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device.
Proposal 4:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, support Alt 1, i.e., 
· 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.
Proposal 5:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, orphan symbol is transmitted if it is between two actual repetitions that are transmitted for OFDM waveform.
· The orphan symbol is generated as an actual repetition while UCI multiplexing is not applied
· For DFT-s-OFDM waveform, Rel-16 rule (i.e., dropping the orphan symbol) is applied.
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