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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #102e [1] work started for the uplink enhancements for URLLC in unlicensed controlled environments. The following is in scope for this topic:
1. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
0.  Specify support for UE-initiated COT for FBE with minimum specification effort
0.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
In this contribution we discuss further enhancements required to enable efficient support of URLLC in unlicensed spectrum.
ETSI specifications [2]
Frame Based Equipment shall implement a Listen Before Talk (LBT) based Channel Access Mechanism to detect the presence of other RLAN transmissions on an Operating Channel.
Frame Based Equipment is equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the Fixed Frame Period. A single Observation Slot as defined in clause 3.1 and as referenced by the procedure in clause 4.2.7.3.1.4 shall have a duration of not less than 9 μs.
A device that initiates a sequence of one or more transmissions is denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. Frame Based Equipment may be an Initiating Device, a Responding Device, or both.
Immediately before starting transmissions on an Operating Channel at the start of a Fixed Frame Period, the Initiating Device shall perform a Clear Channel Assessment (CCA) check during a single Observation Slot.

Agreements
During RAN1 #104b-e meeting [3], the group narrowed down on the high-level aspects of UE initiated COT for semi-static channel access.  
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL/DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL/DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.



Conclusion:
· In semi-static channel access mode, a UE as an initiating device, is allowed to transmit during the idle period of any FFP associated with the serving gNB if the UE transmission is based on UE initiated COT 
· Note: the gNB may disallow UL transmission during symbols of the idle period by configuring them either as semi-static DL symbols, or indicating them as DL with SFI. 

Proposal 3-1
Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the 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
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.

Proposal 4-1:
Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission

Discussion
Discussion of the Proposal 3.1
One controversial decision left for FFS in RAN1 #104b-e is whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT. 
We would like first to note here a RAN1 #103-e [4] agreed conclusion:
Conclusion:
o    For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.

This (obvious) conclusion re-emphasizes the importance and the role of gNB in unlicensed spectrum, and implies that gNB is more important than UE, and it should have higher priority for channel access. It also implies that UE should defer to gNB the channel control and should not compete with gNB for channel access and control.

Observation 1: gNB controls UEs channel access, potential collisions and blocking, therefore UEs always should defer the channel access and control to gNB.

In Figure 1, the two alternatives are presented: the first corresponds to UE transmission in a UE initiated COT (Alt-b), and the second it corresponds to UE transmission in gNB initiated COT (Alt-a). 
In Alt-a, the UE prior to its configured transmission must determine if gNB initiated a COT at the start of gNB FFP. If UE determined that gNB initiated a COT, it will transmit all its configured UL transmissions in the gNB shared COT (gNB FFP configuration), otherwise will try to initiate its own COT using UE FFP configuration.
In Alt-b, the UE will start its own COT, if CCA succeeds, and transmits UL in the UE initiated COT (UE FFP configuration).
In both cases (Alt-a/Alt-b), if UE fails to initiate a COT, the transmission is canceled.
[image: ]
Figure 1
Arguably, in Alt-b the UE spends less energy because does not have to monitor gNB transmission at the start of gNB FFP. In this scenario, gNB should not schedule or configure any transmission immediately before the UE configured grant to avoid the blockage of the potential UL transmission. In the Alt-a when multiple UE share gNB initiated COT, gNB may schedule UL transmissions in consecutive symbols, with a more efficient channel utilization and more flexible scheduling. In addition, in Alt-a there is less idle time that must be respected (just gNB idle time versus gNB and UEs idle time).
Observation 2: Alt-a may lead to a better spectrum utilization, while Alt-b may save some energy when UE is not required to determine if gNB initiated a COT.
Alt-b requires additional interpretation and clarifications of ETSI regulations. For instance, when gNB needs to acknowledge the UL transmission:
· In Alt-a, gNB transmits in the gNB COT (gNB FFP)
· In Alt-b, it is not clear. In other words, it is not clear (including ETSI specs) if and how two initiating COT devices can communicate to each other during their overlapping COTs.  If they can communicate, does it mean that they share a COT? If yes, which COT?  In this case does the access grant needs to be issued by the initiator to the responder (sharing device) as ETSI specs require?
Observation 3: Alt-b requires further clarifications if and how two initiating COT devices can communicate to each other during their COTs overlap.
If a UE has multiple configured UL transmissions where at least one coincides with the UE FFP start:
· In Alt-a, this scenario has a unified approach as all UL transmissions will be sent in the gNB FFP if the gNB started an FFP. UE has to determine if gNB initiated a COT (gNB FFP).
· In Alt-b, UE must determine if gNB initiated a COT if there is a UL configured transmission prior to UE FFP start, or after the UE FFP ends, and have UL transmissions in gNB COT. For instance, UE may transmit in gNB COT then in the UE COT then again in the gNB COT during the same gNB FFP. In this case of UE sharing device, UE cannot transmit during its own idle period and gNB idle’s period. When gNB must acknowledge UE transmission in UE FFP as sharing device, gNB cannot transmit during UE FFP idle period.
Observation 4: In Alt-b when there are multiple UEs initiating COTs transmissions in UL to a gNB initiating COT and gNB responds with multiple DL transmissions, further clarifications on the COT gNB use are necessary. 
Without further clarifications Alt-b remains undetermined and may lead to inconsistent interpretations and solutions.
Observation 5: Alt-b cannot be considered without the required clarifications mentioned in the above observations.
Proposal 1:  Support Alt-a for configured UL transmissions that are aligned with UE FFP boundary.

Discussion of the Proposal 4.1
Proposal 4.1 refers to COT determination for scheduled UL transmission. A gNB may schedule UE UL transmissions in its current COT (gNB FFP) and in a later gNB FFP that is different from the gNB FFP that carries the scheduling DCI.
In Alt-a gNB explicitly in DCI directs UE to have a transmission either in the gNB initiated COT or in UE initiated COT. This alternative offers a more flexible solution where gNB dynamically selects per UE basis if UE has or not to initiate a COT for that UL transmissions.
In the Alt-b the UE behavior is not clearly defined as this alternative depends on the decision for the Proposal 3.1. 
In our understanding, in the Alt-b in the Proposal 4.1, if the Alt-b is preferred in the Proposal 3.1,  a scheduled UL transmission is done in the gNB initiated COT unless is aligned with UE FFP start when  UE must initiate a COT.  If the Alt-a is preferred in the Proposal 3.1, in the Alt-b in the Proposal 4.1 UE will transmit in the gNB initiated COT always if the gNB COT was initiated.
Observation 6: With an explicit DCI indication of the COT type (gNB/UE) the gNB can control exactly each UE behavior for each UL UE transmission in each gNB FFP.
Proposal 2: Support determination based on the content in the scheduling DCI whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT (Alt-a). The corresponding field(s) cannot be absent in DCI.
[bookmark: _Hlk71021284]For the case when the gNB schedules an UL transmission in the next gNB’s FFP period we prefer the same solution as in the case when the transmission is scheduled in the current gNB FFP.
Proposal 3: When the gNB schedules an UL transmission in the next gNB’s FFP period support determination based on the content in the scheduling DCI whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT (Alt-a).
 
Conclusions
Observation 1: gNB controls UEs channel access, potential collisions and blocking, therefore UEs always should defer the channel access and control to gNB.
Observation 2: Alt-a may lead to a better spectrum utilization, while Alt-b may save some energy when UE is not required to determine if gNB initiated a COT.
Observation 3: Alt-b requires further clarifications if and how two initiating COT devices can communicate to each other during their COTs overlap.
Observation 4: In Alt-b when there are multiple UEs initiating COTs transmissions in UL to a gNB initiating COT and gNB responds with multiple DL transmissions, further clarifications on the COT gNB use are necessary. 
Observation 5: Alt-b cannot be considered without the required clarifications mentioned in the above observations.
Proposal 1:  Support Alt-a for configured UL transmissions that are aligned with UE FFP boundary.
Observation 6: With an explicit DCI indication of the COT type (gNB/UE) the gNB can control exactly each UE behavior for each UL UE transmission in each gNB FFP.
Proposal 2: Support determination based on the content in the scheduling DCI whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT (Alt-a). The corresponding field(s) cannot be absent in DCI.
Proposal 3: When the gNB schedules an UL transmission in the next gNB’s FFP period support determination based on the content in the scheduling DCI whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT (Alt-a).
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