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1. Introduction

In the RAN1 #103-e meeting, UE-initiated COT (Channel Occupation Time) for FBE and harmonizing UL configured-grant enhancements were discussed. Some agreements were made as below [1].
Agreements:

· 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):

· 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 signaling
· 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:
· 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.
In this contribution, we further provide our considerations on uplink enhancements for URLLC in unlicensed controlled environments including UE-initiated COT for FBE and harmonizing UL configured-grant enhancements.
2. Discussion
2.1 Support of UE-initiated COT for FBE
Scheduled UL transmission for UE-initiated COT
Based on below RAN1 agreement in last meeting [1], there are 5 options to determine whether a scheduled UL transmission should be transmitted according to shared gNB-initiated COT or UE-initiated COT.
	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 signaling
· 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.


For Alt.1 and Alt.2, both alternatives use DCI to dynamically indicate whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. The difference between Alt.1 and Alt.2 is that Alt.1 needs additional bit field in DCI while Alt.2 establishes new mapping rule between ChannelAccess-CPext field and indication on whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. Both alternatives are flexible and real-time way to control UE-initiated COT in order to reduce interference on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs because gNB can dynamically adjust whether scheduled UL transmission uses UE-initiated COT or not according to gNB scheduling strategy or the interference situation on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs.  
For Alt-3, predetermined rule depends more on gNB scheduling implementation. The disadvantage of predetermined method is that it increases gNB scheduling constraints and reduces the flexibility of gNB scheduling.
For Alt-4, the RRC signaling method is unable to implement dynamic adjustment on UE-initiated COT in time.

For Alt-5, compared with DCI-based method,  it will introduce additional transmission latency due to HARQ mechanism for PDSCH carrying MAC CE.

To sum up,  DCI-based method is more suitable for the dynamic scheduled UL transmission case.
In order to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT, our proposal is as follows:
Proposal 1: In semi-static channel access mode, UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT by DCI indication method.

Configured UL transmission for UE-initiated COT
Based on below RAN1 agreement in last meeting [1], there are 3 options to handle configured UL transmission for UE-initiated COT in semi-static channel access mode. 
· 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. 
For Alt-a, although UE can independently select CG transmission corresponds to gNB-initiated COT or UE-initiated COT, there is potential interference on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs.
For Alt-b, if the UE fails to initialize COT due to LBT failure, it causes additional UL transmission latency because UL transmission can’t be executed based on UE-initiated COT.  In addition, Alt-b has the similar issue on interference on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs with Alt-a due to the lack of gNB effective control over UE-initiated COT.
For Alt-c, UE-initiated COT controlled/configured by gNB can reduce the interference on gNB-initiated COT from UE-initiated COT and the conflict among UE-initiated COT among UEs. In order to notify UE which UE-initiated COT can be allowed to use, gNB can configure transmission pattern for each UE with dedicated RRC signaling or MAC CE as shown in Figure 1. This transmission pattern is used to indicate which COT in the group of COT can be allowed to be initialized by UE. As shown in Figure 1, gNB can configure transmission pattern with X bits such as 6 bits (1 0 1 1 0 1) to UE, where 1 means UE-initiated COT is allowed and 0 means UE-initiated COT is not allowed. A reference point is defined to determine the first FFP indicated by the transmission pattern indication.
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                                      Figure 1: UE-initiated COT transmission pattern configured by RRC/MAC CE
In order to determine whether a configured UL transmission should be transmitted according to shared gNB COT or UE-initiated CO, our proposals are as follows:

Proposal 2: In semi-static channel access mode, 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, whether the configured UL transmission is allowed to correspond to UE-initiated COT should be based on gNB configuration.
Proposal 3: In semi-static channel access mode, 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, gNB can inform UE a transmission pattern to indicate which COT(s) can be used for UE initialization.
2.2 CG PUSCH for the URLLC operation in unlicensed band
Based on RAN1 agreement in last meeting [1], to accommodate CG for URLLC in unlicensed band with controlled environment, there are four options to determine whether CG-UCI based procedures and CG-DFI based procedures are used for unlicensed or not:
· 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.

Next, we provide analysis on each of the above options.
The main difference between option 1 and other options (Option 2-a/Option 2-b/ Option 3) is whether CG-UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled independently.
For Option 1, UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled together.

Option 1 is consistent with below RAN2 agreement in RAN2#112e meeting [2].When RRC parameter cg-RetransmissionTimer is configured, CG-UCI based procedures and CG-DFI based procedures are enabled and Rel-16 NR-U CG mechanism is used for HARQ process ID and RV selection. HARQ processes sharing among configured grant configurations are allowed. 
When cg-RetransmissionTimer is not configured, Rel-16 URLLC CG mechanism is used for HARQ process ID and RV selection. HARQ processes sharing among configured grant configurations are not allowed.
	Agreements:
From RAN2 perspective
1 It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.

2  cg-RetransmissionTimer can be configured optionally for shared spectrum

3 When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4 When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.


For Option 2-a/Option 2-b/ Option 3, CG-UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled independently so all of these 3 options contradict the above RAN2 agreement [2].In addition, some other issues related to option 2-a/option 2-b/ option 3 need be considered as follows:
For Option 2-a, when CG-DFI based procedure is enabled by cg-RetransmissionTimer but the CG-UCI based procedures is disabled, gNB can’t execute HARQ process combination because gNB doesn’t know the HPID selected by UE. When CG-UCI based procedure is enabled but CG-DFI based procedure as well as cg-RetransmissionTimer is not configured, gNB doesn’t know the HPID and NR-U autonomous reTx does not apply for this case since cg-retransmissionTimer is not configured if gNB decodes neither CG-UCI nor TB.
For Option 2-b, if cg-RetransmissionTimer is configured (the NR-U path) and CG-DFI is not configured, when CG-DFI is not configured, its functionality could be replaced by gNB-scheduled retransmissions. For the successful transmission, without the gNB’s feedback (CG-DFI = ACK), the UE will always trigger an autonomous ReTx upon cg-RetransmissionTimer expiry. So in this case, this configuration does not work and the cg-RetransmissionTimer should be linked with the CG-DFI based procedures, at least for acknowledging the successful reception of the CG to prevent from triggering an autonomous ReTx.
For Option 3, CG-UCI based procedures are always supported for the URLLC operation in unlicensed band. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer. Option 3 is one special case of Option 2-a. When CG-UCI based procedure is enabled but CG-DFI based procedure as well as cg-RetransmissionTimer is not configured, Option3 has the similar issue with option 2-a.
In order to handle whether CG-UCI based procedures and CG-DFI based procedures are used for unlicensed or not, our proposal is as follows:
Proposal 4: 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” is taken as baseline for supporting UL CG for URLLC in unlicensed band. 
3. Conclusions
In this contribution, we discuss about the remaining issues on enhancements for unlicensed band URLLC/IIoT in the last meeting. Our proposals are as follows:
Proposal 1: In semi-static channel access mode, UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT by DCI indication method.
Proposal 2: In semi-static channel access mode, 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, whether the configured UL transmission is allowed to correspond to UE-initiated COT should be based on gNB configuration.

Proposal 3: In semi-static channel access mode, 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, gNB can inform UE a transmission pattern to indicate which COT(s) can be used for UE initialization.
Proposal 4: 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” is taken as baseline for supporting UL CG for URLLC in unlicensed band.
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