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Introduction
During RAN 88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. The second objective is about uplink enhancements for URLLC in unlicensed controlled environments, including UE-initiated COT for FBE and UL configured-grant enhancements. The following agreements were achieved in RAN1 103e.
Agreements:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms
Conclusion:
· 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.
Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported
Conclusion:
If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X.
If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X  is the FFP associated with Y.
Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
Note 2: Whether or not there is additional restriction on idle period is still FFS.
Agreements:
Down-select one of the following options (target RAN1#104-e):
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions.
Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell
Agreements:
In semi-static channel access mode,  FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT.
o    Note: Any value for the period, shall be at least 1ms and at most 10ms.
o    Note: Aim for low complexity operation to handle gNB and UE COT interactions
Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT.
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
· Alt. 3: Based on a predetermined rule(s)
· Alt. 4: Based on RRC signalling
· Alt. 5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.
Agreements:
In semi-static channel access mode:
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, down-select one of the following:
· 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.
· Alt-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· When a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Otherwise, If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· FFS on other conditions for determining the corresponding UE or gNB initiated COT
· Note: A configured UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.

This contribution provides further thoughts on uplink enhancements for URLLC in unlicensed controlled environments.
UE-initiated COT for FBE
In Rel-16 NR-U, only gNB can initiate a channel access procedures for semi-static channel occupancy (FBE). It does not support a periodic COT initiated by UE. However, during the gNB-initiated COT, UL channels cannot be transmitted in the beginning, which is lack of flexibility especially for URLLC traffic. So UE-initiated COT for FBE is essential for Rel-17 URLLC item.
Regarding gNB-initiated COT for FBE, a periodic COT can be initiated every  within every 20ms, where   is configured by higher layer signaling. At the starting of the even indexed radio frame, a COT can be initiated at each  , where . The maximum channel occupancy time . Finger 1 can be found for above parameters.
For UE-initiated COT for FBE, the following points can be studied based on the discussions and agreements of RAN1 103e.
Whether or not UE in IDLE/INACTIVE mode can use semi-static channel access mode
Considering the objective of UE-initiated COT for FBE is about uplink enhancements for URLLC in unlicensed controlled environments, the use case should be limited in connected mode.  URLLC traffics cannot be supported by the UEs in IDLE/INACTIVE mode. From this sight, UE in IDLE/INACTIVE mode does not need to use semi-static channel access mode, since it can transmit based on the gNB-initiated COT configuration, DL burst sensing for PRACH and msg3. Thus, UE in IDLE/INACTIVE mode does not use semi-static channel access. We should focused on UE in Connected mode.
Proposal 1. [bookmark: OLE_LINK21][bookmark: OLE_LINK22]UE in IDLE/INACTIVE mode does not use semi-static channel access mode.
FFP periodicity and offset values for UE-initiated COT
Regarding the periodicity of UE-initiated COT, it was agreed that the values of period can be separately configured and can be different from gNB’s fixed frame period. At least 1ms and at most 10ms values are supported.
For the values of the period of an FFP for the UE-initiated COT, at least the values of the period of an FFP for the gNB-initiated COT can be adopted. Besides these {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}, other values can also be studied. For example, integer factor of the period of CG-PUSCH can be introduced. Because UE can initiate a COT only if the start of the transmission aligns with the FFP boundary. Therefore, if the periodicities of the configured UE transmission are aligned with FFP periodicity, it is easy for network to decide some UL transmission can use UE-initiated COT and some can use gNB-initiated COT.
Proposal 2. At least {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} values are supported for the period of an FFP for the UE-initiated COT.
Proposal 3. Typical integer factor of period of configured UL transmission can be supported for the period of an FFP for the UE-initiated COT.
For the offset in FFP of UE-initiated COT, it is the starting point of first UE-initiated COT relative to the boundary of even indexed radio frame. As same as FFP periodicity, offset can be in unit of ms. Others of UE-initiated COT except the first one is back-to-back to its former COT. Furthermore, a UE-initiated COT cannot cross the boundary of even indexed radio frame.


Figure 2: UE-initiated COT
Proposal 4. Offset in FFP of UE-initiated COT is the starting point of first UE-initiated COT relative to the boundary of even indexed radio frame.
Proposal 5. A UE-initiated COT cannot cross the boundary of even indexed radio frame.
COT associated indication for scheduled UL transmission
Respect to the initiator of a COT for scheduled UL transmission, five alternatives were discussed in previous meeting. From our perspective, the determination of the initiator of a COT for scheduled UL transmission is similar as LBT type in LBE channel access mode. A separate field in DCI as in LAA or a joint code factor of ChannelAccess-CPext field as in Rel-16 NR-U can be for further study.  Thus, we support Alt 1 and Alt 2 can be considered as the indication of initiator of a COT.
For the down selecting of Alt 1 and Alt 2, it depends on whether other channel access information is needed and joint code together with the initiator of the COT, such as CP extension. We can leave it to the further clarification.
Regarding Alt 3 and Alt 4, they are lack of flexibility for indication, especially for scheduled UL transmission. Because gNB cannot dynamically decide the initiator of the COT, depending on the current transmission. Furthermore, scheduled UL transmissions do have PDCCH scheduling information. This can provide the initiator of the COT easily and efficiently.
Last, we do not prefer Alt 5. All configurations or indications conveyed by MAC-CE are all semi-statically changed. They are not always changed dynamically. Such as SCell activation/deactivation, trigger state sub-selection etc. The initiator of the COT obviously changes faster. Thus Alt 5 is not suitable especially when there is a PDCCH, which can provide more dynamic indication with little specification efforts.
Proposal 6. UE determines the initiator of a COT based on Alt 1 or Alt 2.
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI

COT associated indication for configured UL transmission
For configured UL transmission, it was agreed that the initiator of the COT when UL transmission starts after a UE FFP. However, when a UL transmission is aligned with a UE FFP boundary, it is still open and three alternatives are to be down selected.
We support Alt-a can be used for this case. First, it gives a chance that a UE can share a gNB-initiated COT when gNB has occupied the COT which can determined by the detection of DL transmissions by UE. Otherwise, UE has to initiate the COT itself.
Second, Alt-b means gNB always needs to stop its initiated COT when colliding with one configured UL transmission. Clearly it is a waste of DL COT. It may cause some problem especially when there is two DL-UL switching points in a periodicity of gNB-initiated COT.
Next, Alt-c has more flexibility compared with Alt-b. However, considering the fast changing traffic transmission in URLLC, it is too hard for network to predict the exact initiators for the period configured grant.
Above all, Alt-a is the most similar determination as channel access type in LBE for CG-PUSCH. From our understanding, Alt-a can provide a more dynamic decision according to the current transmission. So we support Alt-a for configured UL transmission.
Proposal 7. When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· 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

Harmonizing UL configured-grant enhancements in NR-U and URLLC
In Rel-16, both of UL configured-grant enhancements in NR-U and UL configured-grant enhancements URLLC are introduced. 4 Options were given during RAN1 103e.
[bookmark: _GoBack]From our perspective, Option 1 or Option 2-a can be studied for further down selection. First, the default enable of CG-UCI based procedures in Option 3 is not necessary in some cases.  It is not desired that URLLC in unlicensed bands always carry CG-UCI in CG-PUSCH, such as under control environment. Furthermore, it is not an essential feature for high reliability and low latency of URLLC traffic. Next, CG-DFI should be together with CG autonomous retransmission (cg-RetransmissionTime), or it will be useless for HARQ-ACK in CG-DFI. Therefore, two parameters should be enough, one is new introduced for CG-UCI based procedure, including HARQ process ID, RV, and COT sharing. The other is cg-RetransmissionTime for CG-PUSCH early termination and retransmission.
Proposal 8. Support one option from Option 1 and Option 2-a for CG-PUSCH harmonization.
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. UE in IDLE/INACTIVE mode does not use semi-static channel access mode.
Proposal 2. At least {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} values are supported for the period of an FFP for the UE-initiated COT.
Proposal 3. Typical integer factor of period of configured UL transmission can be supported for the period of an FFP for the UE-initiated COT.
Proposal 4. Offset in FFP of UE-initiated COT is the starting point of first UE-initiated COT relative to the boundary of even indexed radio frame.
Proposal 5. A UE-initiated COT cannot cross the boundary of even indexed radio frame.
Proposal 6. UE determines the initiator of a COT based on Alt 1 or Alt 2.
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
Proposal 7. When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· 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
Proposal 8. Support one option from Option 1 and Option 2-a for CG-PUSCH harmonization.
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
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