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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.
Agreements
During RAN1 #104-e meeting [3], the group agreed on the high-level aspects of UE initiated COT for semi-static channel access [5],[6]. In addition, the group discussed but was so far unable to conclude on an alternative for UE transmission in idle periods associated with gNB FFPs.
Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 
Agreement:
· In semi-static channel access mode:
· [bookmark: _Hlk67404711]An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
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

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:
· [bookmark: _Hlk67480034]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.

Updated Proposal 2-1: 
· In semi-static channel access mode, decide among the following alternatives:
· Alt-1: The UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB 
· Alt-2: As an initiating device, the UE is allowed to transmit during the idle period of any FFP associated with the serving gNB
· Note: In case Alt.2 is supported, it should be captured as conclusion due to previous agreement. 
· Alt-3: A UE as an initiating device, “by default”, is not allowed to transmit during the idle period of any FFP associated with the serving gNB.
· The UE transmission during the idle period of any FFP associated with the serving gNB can be enabled by RRC.
· Note: In case of no agreement on selection of one of the alternatives above, it should be captured as conclusion that Alt-2 is supported due to previous agreement. 

Discussion
The above agreements offer a flexible framework for design, however the details left for FFS need to be specified.
In the last RAN1 meeting [3] and email thread dedicated to IIOT/URLLC unlicensed band several agreements were made for the FFP period configuration for UE-initiated COT. The UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}, and left for FFS if other values will be added to this set. The gNB FFP period for gNB-initiated COT is specified in TS 38.331 as 
SemiStaticChannelAccessConfig-r16 ::=    SEQUENCE {
    period                                   ENUMERATED {ms1, ms2, ms2dot5, ms4, ms5, ms10}
}
Practically, the set of possible values of UE FFP and gNB FFP are the same, and it will be up to UE capability whether the periods are independently configurable, or if the UE-initiated COT must be configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT. It easy to notice that with the above values most of combinations of UE FFP and gNB FFP satisfy this constraint. The permissible combinations are {(1,X), (Y,1), (2,4) , (2,10), (4,2) , (10,2), (2.5, 5), (5, 2.5), (2.5, 10), (10, 2.5), (5, 10), (10, 5)}, while the combinations that would not be allowed (in the less capable UEs) are {(2, 2.5),(2.5, 2) (2, 5),(5,2), (2.5 ,4), (4, 2.5)}. Our view is that no additional values need to be added to the set if UE FFP periodicities. If a value is added to the set for the UE, it should also be added for the gNB, but it is preferable to keep that set the same.  
Another point discussed in RAN1 #104-e was the possible offset of UE FFP starting point with respect to the radio frame X boundary. 
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
We note that the supported subcarrier spacings for shared spectrum as specified in TS 38.211 are 15kHz, 30 kHz and 60kHz.  Therefore, for 15kHz SCS the FFP value of 2.5 ms corresponds to 2.5 slots.   Fractional slot values for FFP or for the offset may unnecessary complicate scheduling. Therefore, we have the following proposal: 
Proposal 1: The UE FFP, gNB FFP and the offset of UE–initiated COT should be an integer multiple of slot duration in the active BWP.
With this constraint the value of 2.5ms for UE FFP shall be not used for SCS of 15kHz. 
We also note that any offset value (integer number of slots) is allowed for UE initiated COT, the first constraint regarding the relationship between gNB FFP and UE FFP becomes less relevant. In other words, the start and the end of gNB FFP and UE FFP will not be aligned even if they are integer multiple of each other.
One example for the offset and FFP configuration for UE semi-static access is provided in the Figure 1. In this example the offset is 3 ms and the UE FFP is 4ms.  
[image: ]
Figure 1
In the Figure 1, the UE FFP is 4 ms in both examples. In the first example, SCS 15 kHz, the offset cannot be 2.5ms (not an integer number of slots) while in the second example, SCS 30kHz, the offset can be 2.5ms (5 slots). In both cases the offset is limited by the 4 ms the FFP value. It is noted that the offset affects only the initial delay with respect to X frame border (X=0).
For the value of X frame boundary, we note that the value of X corresponds to an additional initial delay for UE to start it COT in semi-static channel access. For instance, if X= even index frame number, the UE can start its COTs only in even frames, which may add more than an additional one frame delay (10ms) latency from the moment of configuration change command. Therefore, we suggest that X represents the index of the next frame after the configuration FFP change command is received.
Proposal 2: The offset is measured with respect to the start of the first frame after a UE FFP configuration change command is received.
In the RAN1 #104-e [3], one of the design decisions left for FFS was the determination of whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT. 
In RAN1 #103-e meeting [2] the group achieved the following conclusion regarding the UE initiated COT for semi-static channel access:
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.

Following this conclusion as guidance is natural that the determination for UL transmission COT to be decided by gNB. An explicit indication in DCI is preferable. Such indication would avoid possible mis interpretations from UE. For instance, if a rule is used and the UE decides which COT to use, the UE may miss some gNB transmission and wrongly conclude that gNB did not start a COT. The most reliable way for UE to determine the COT for its transmission is for UE to receive a COT type indication in the DCI scheduling the UE transmission. Moreover, because this indication can consist only of one bit, there is no reason that such indication not to be transmitted by the gNB.
Proposal 3:  The determination of whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT shall be based on the content of the scheduling DCI. The UE shall not expect that the corresponding field(s) are absent in the scheduling DCI.
How to handle the UE transmission when gNB is scheduling for the next gNB FFP?
The ETSI EN 301 893 V2.1.1 specifies the frame-based equipment operation in 5GHz shared spectrum for the initiating device:
“An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time.”
And respectively for the responding device:
“The Responding Device may perform transmissions on the current Operating Channel for the remaining
Channel Occupancy Time of the current Fixed Frame Period. The Responding Device may have multiple
transmissions on this Operating Channel provided that the gap in between such transmissions does not exceed 16 μs. When the transmissions by the Responding Device are completed the Responding Device shall proceed with step 3).
 	3) The transmission grant for the Responding Device is withdrawn.”
We note that the ETSI specifications do not forbid scheduling traffic in future FFPs, however it forbids the actual transmission unless the responding device receives a grant for transmission from the initiating device.  The grant should be loosely interpreted as the permission to transmit. Why is this permission to transmit necessary? Consider that the responding device is a UE that is not allowed or configured to start its own COT. If this device is scheduled to transmit in the next FFP and that FFP does not happen because the channel is not clear, the UE shall not transmit. If gNB starts the new FFP, gNB may enable or disable this prior scheduled transmission via a DCI command.
Proposal 4: gNB should be able to grant UE transmissions for future gNB FFPs. The UE transmissions during a gNB FFP shall be validated in each FFP. 
One bit of information in the DCI command at the beginning of FFP could be sufficient to validate all the UE transmissions that were scheduled for that FFP.
Another necessary clarification left for FFS is how to decide when 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. In Figure 2, the two alternatives are presented: the first corresponds to UE transmission in a UE initiated COT, and the second it corresponds to UE transmission in gNB initiated COT. The main difference, from UE perspective is that when transmitting in gNB initiated COT the UE already determined that gNB already initiated a COT and UE would need respect the idle period associated with the gNB FFP.  In this case the UE must sense the channel at the beginning of gNB FFP to determine if gNB started a COT. When UE transmits in its own initiated COT, the UE must sense the channel only before the transmission to decide if it can start its own COT.  
Therefore, in the Alt-a, the UE needs to wake up and listen to gNB at the beginning of gNB FFP to determine if gNB initiates a COT. If this is not the case UE must do a CCA prior to the start of its own FFP and if the channel is clear to proceed with configured transmission and initiate a UE COT. 
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Figure 2
We propose that address the situation when the grant is aligned with UE FFP start in the same way as future UL grants, which are not aligned with UE FFP start. Thus, imply that for a UE to transmit in a gNB initiated COT the UE needs a gNB validation, for instance via DCI.
Proposal 5: If the configured UL grant is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB initiated that gNB FFP, and the configured UL transmission is validated by gNB, the UE assumes that it transmits in the gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT.
One controversial point of discussions in RAN1 #104-e was the UE behavior during the gNB idle periods. The group down-selected three potential alternatives in the Updated Proposal 2-1. Among these alternatives we note that the Alt-1 is the most conservative, it guarantees that UE will never block a gNB initiated FFP at the cost of up to 10% of the channel not being used during the gNB idle periods. With Alt-2, the UE may transmit during the gNB idle time, and has a better usage of the channel with the risk of blocking some gNB initiated COTs. Finally, the Alt -3 in which the UE by default cannot transmit in the idle period of gNB but such transmissions may be enabled by gNB is a combination of the Alt-3 and offers additional flexibility; for this reason, should be preferred. In the meeting there was significant support for more conservative Alt-1 behavior (which is the default in Alt-3), and also for Alt-2 where the transmission is allowed. If Alt-3 cannot be directly agreed, a new compromise that can be considered is to have Alt-2 behavior as the default (rather than Alt-1) and be able to configure Alt-1 behavior, i.e., the UE transmission during the idle period of any FFP associated with the serving gNB can be disabled by RRC.
Proposal 6: In semi-static channel access mode, a UE as an initiating device, “by default”, is not allowed to transmit during the idle period of any FFP associated with the serving gNB. The UE transmission during the idle period of any FFP associated with the serving gNB can be enabled or disabled by RRC (Alt-3).
As we pointed out in [4], the legacy UE devices (Rel 15-16) cannot initiate a COT for semi-static channel access while the new UE (Rel >16) can. Therefore, the UE should inform the gNB that it can initiate a COT.  
Proposal 7: The UE shall support capabilities signaling to inform gNB that it can initiate COTs for semi-static channel access. 
 
Conclusions

Proposal 1: The UE FFP, gNB FFP and the offset of UE–initiated COT should be an integer multiple of slot duration in the active BWP.
Proposal 2: The offset is measured with respect to the start of the first frame after a UE FFP configuration change command is received.
Proposal 3:  The determination of whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT shall be based on the content of the scheduling DCI. The UE shall not expect that the corresponding field(s) are absent in the scheduling DCI.
Proposal 4: gNB should be able to grant UE transmissions for future gNB FFPs. The UE transmissions during a gNB FFP shall be validated in each FFP.
Proposal 5: If the configured UL grant is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB initiated that gNB FFP, and the configured UL transmission is validated by gNB, the UE assumes that it transmits in the gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT.
Proposal 6: In semi-static channel access mode, a UE as an initiating device, “by default”, is not allowed to transmit during the idle period of any FFP associated with the serving gNB. The UE transmission during the idle period of any FFP associated with the serving gNB can be enabled or disabled by RRC (Alt-3).
Proposal 7: The UE shall support capabilities signaling to inform gNB that it can initiate COTs for semi-static channel access. 
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