3GPP TSG RAN WG1 #107b-e		                                    R1-2200396
e-Meeting, January 17th-25th, 2022

Agenda Item:	8.3.2
Source:	InterDigital, Inc.
Title:	Enhancements for unlicensed band URLLC/IIoT
Document for:	Discussion and Decision
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During RAN1 #107-e, enhancements to enable URLLC in unlicensed controlled environments were discussed [2]. In this contribution we discuss remaining issues to support UE-initiated COT for FBE.
UE-initiated COT for FBE
It was agreed at RAN1 #103-e that UE and gNB FFPs may have different offset start times and periodicities. The UE’s FFP start times can be associated with a CG resource, such that a UE can initiate a COT to transmit on the CG resource if no ongoing COT is previously initiated by the gNB. If a UE has a transmission to perform in a CG resource, the UE must determine whether to use an ongoing COT initiated by the gNB or whether to initiate its own COT.
For configured transmissions occurring at the beginning of a UE FFP, the following was agreed at RAN1 #105-e:
· Alt-a is taken in the following agreement:
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..

However, there may be cases where a UE is not aware that a gNB has initiated a COT, for example if it has mis-detected a DL transmission. An IDLE/INACTIVE mode UE may also not be aware of whether there is a gNB-initiated COT when transmitting PRACH.
Moreover, blindly using the gNB-initiated COT has drawbacks as well. A COT could be initiated by the gNB in a slot for a specific type of transmission. For example, the COT may be initiated for high priority transmission. A UE having data to transmit may wish to use the configured resource occurring in a slot overlapped by the gNB-initiated COT. However, if the UE wishes to use the COT initiated by the gNB it is restricted in terms of the priority of the transmissions that can occur in the COT.
In RAN1 #106b-e, the following was agreed:
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 scheduled DL transmission or a DCI intended for the UE that initiated that FFP.
· A DL transmission to any other UE in the cell than the COT initiating UE and/or a broadcast transmission can be additionally included in the DL transmission burst if the gNB fulfils the following condition:
· It is gNB‘s responsibility to ensure that other UEs do not assume gNB-initiated COT based transmission for a UL transmission based on the detection of any transmission in the DL transmission burst.

A UE receiving a transmission from a gNB may incorrectly determine the COT initiating node. There may therefore be ambiguity as to whether the UE is sharing a gNB-initiated COT or has initiated a COT itself for an uplink transmission.
In RAN1 #107-e the following was agreed:
Agreement: 
In semi-static channel access mode, for a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst should be the same.

For cases where a UE has multiple CG resources forming a potential transmission burst and for which at least one of the CG resources extends beyond a gNB FFP, it is unclear what COT initiator a UE should assume for the burst. Strictly following the RAN1 #105-e agreement means that if there is an ongoing gNB-initiated COT prior to the first CG resource, the UE must use that COT. However, in this case, that would mean that the UE must drop any transmissions that occur in CG resources in the same burst but extending beyond the gNB FFP. It would be more efficient for the UE to initiate a COT prior to the first CG resource in the burst, such that it could transmit on all CG resources of the burst when required. This case leads to further ambiguity at the gNB in terms of the initiator of a COT for a configured UE transmission.
In RAN1 #107-e, the following was also agreed:
Agreement: 
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission and the scheduling DCI and the scheduled UL transmission are in a same g-FFP but on a different RB sets of the g-FFP bandwidth:
· If DCI indicates gNB initiated COT, validation of the gNB-initiated COT (based on the detection of DL transmission from the gNB) for the RB sets with scheduled UL can be skipped.

This agreement means that a gNB could initiate a COT on two RB sets and schedule a first UE for a transmission on both RB sets with a DCI transmitted in a first RB set only. A second UE with a CG resource in the second RB set may not be aware that there is an ongoing gNB-initiated COT that is valid in the second RB set. In such a case, there may again be ambiguity in terms of the COT initiator for a configured UE transmission.
Lastly, there was a discussion during RAN1 #107-e on the COT initiator assumption for CGs spanning multiple RB sets. Given that no agreement could be reached, the following conclusion was made:
Proposed conclusion (if Proposal 4-1 is not agreed):
If UE-initiated COT in semi-static channel access mode is enabled for a UE, when operating on multiple LBT BWs on a carrier, the assumptions regarding the COT initiator for a configured UL transmission may not be aligned across all LBT BWs for the configured UL transmission

This conclusion further exacerbates the ambiguity of COT initiator for all or parts of a configured transmission spanning multiple LBT bandwidths.
Therefore, means are required to enable a UE to indicate whether it has initiated a COT for an FFP or it is sharing a gNB-initiated COT. This removes ambiguity between a UE and gNB as to who initiated the COT. Furthermore, this can ensure appropriate use of the COT, for example what idle period to follow. 
The indication should be transmitted by the UE, in a manner possibly similar to, or included in, a CG-UCI. Such an indication could be included only in a first UL transmission in a transmission burst, or in a specific resource dedicated for the transmission of the indication.
For the case where a UE initiates a COT in resources overlapping those of an ongoing gNB-initiated COT, the new UE-initiated COT’s idle period configuration should be observed. 
Proposal 1: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).
For scheduled UL transmissions, it was agreed at RAN1 #106-e that a scheduling DCI indicates the assumption on the COT-initiator. The following agreement was also reached at RAN1 #106-e:
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.

For scheduled DL transmissions in a later g-FFP, there are cases where there may be misunderstanding, between the UE and gNB, in terms of the COT initiator. For example, prior to a DL transmission, a UE may initiate a COT for a transmission (e.g. on a CG resource). In such a case, the gNB may share the COT and may not need to initiate a new COT for a DL transmission. However, the gNB would not have been aware of this at the time of scheduling the DL transmission. In another example, a DL transmission to a first UE may share a COT initiated by a second UE. However, in such a case, the first UE may not share the COT for transmissions in the UL. For these cases, it is unclear how the first UE would determine the COT initiator.
To ensure common understanding of the COT initiator, a UE should be indicated the COT initiator associated to a DL transmission. Moreover, unlike for UL, there is no reason to assume transmission is dropped if the COT initiator assumption determined by the UE is different from that indicated in the scheduling DCI.
Proposal 2: A UE is indicated the COT initiator associated to a DL transmission.
Conclusion
In this contribution we discuss UE initiated COTs for FBE. Enhancements are required to ensure appropriate functioning of URLLC in controlled environments using unlicensed spectrum. We provide the following observations and proposals:
Proposal 1: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).
Proposal 2: A UE is indicated the COT initiator associated to a DL transmission.
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