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Introduction
In RAN 1 104bis-e meeting, RAN1 made the following agreements for UE-initiated FBE and harmonizing CG-PUSCH in URLLC and NR-U [1]. 
	Agreements:
· Support explicit RRC configuration for the UE-FFP parameters including period and offset in RRC connected mode.
Agreements:
· For semi-static channel access mode, the offset value for configuration of a UE-FFP for a serving cell has a symbol level granularity.
Agreement:
· For semi-static channel access mode, in addition to the agreed set of period values for configuration of a UE-FFP for a serving cell:
· Do not support any additional period value
Agreement:
· For semi-static channel access mode, the starting point of first UE FFP for a serving cell
· is relative to the boundary of the radio frame of even index number (i.e. X=even indexed number in RAN1#104-e agreement).
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI  DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type Bwhen using based on NR-U Rel-16 based CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B when using based on NR-U Rel-16based CG for unlicensed band operation. FFS whether/how to enhance
 Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether PUSCH segmentation should take into account the idle period of an FFP. 
· FFS on details
 Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details
Agreement:
· Option 2-b and option 3 are not considered further for the agreement in RAN1#103-e regarding CG harmonization

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. 


According to the guidance for RAN1 105-e meeting, this contribution discusses the following issues in [2]: 
· COT-initiator determination for configured UL transmissions
· COT-initiator determination for scheduled UL transmissions
· Harmonization w.r.t NR-U and URLLC CG for CG-UCI and CG-DFI/cg-RetransmissionTimer
Discussion
COT-initiator determination for configured UL transmissions
In the last meeting, RAN1 continued discussion on how to determine a COT initiator for configured UL transmission but still failed to achieve consensus. 
For configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, one way (Alt-a) is the UE can initiate the COT only if the UE has identified that gNB is not initiated the COT, the other way (Alt-b) is to always allow the UE to initiate the COT. 
Alt-b is a simple solution enabling UE to initiate a COT without the dependency on gNB-initiated COT. In the last meeting, there were some concerns on Alt-b, while these concerns can be easily resolved as analyzed below.  
· Question 1: Whether Alt-b always leads to larger LBT overhead than Alt-a ? 
It was alleged that using gNB’s COT (Alt-a) can always save LBT overhead and avoid LBT blocking, because gNB can always transmit DL right before the configured UL transmission to ensure the gap no larger than 16us. However,
DL and UL traffic would be quite independent, it does not make sense for gNB to always transmit unnecessary DL before configured UL transmission to save 9us LBT overhead. Moreover, in practical case, UE does not know the exact gap between previous DL transmission and its UL transmission, e.g. if the DL transmission is for other UEs. Therefore, UE has to perform LBT in a more conservative way for configured UL transmission (different from scheduled UL transmission, gNB can explicit indicate), i.e. 9us LBT within a 25us interval. In other words, the overhead for LBT would be 25us by Alt-a, which is even larger than 9us LBT by Alt-b. Even in the case that the previous DL transmission is for the UE, it is impossible for a UE to transmit UL immediately right after the end of DL reception due to Tx/Rx switch gap. To ensure the gap <16us, gNB has to configure CP extension, e.g. C2*symbol length – 16 us – TA, but CP extension is not supported for configured UL transmissions other than CG PUSCH. Even for CG PUSCH, the CP extension leads to additional gap for UL transmission that is not right after a DL transmission. Therefore, Alt-a does not show any realistic LBT overhead reduction than Alt-b.  

· Question 2: Whether gNB has to give up its COT, once a UE has initiated a COT within the gNB’s COT?
The regulation restricts one transmission can not share and initiate a COT simultaneously, but it is allowed that one transmission can share the COT while another transmission can initiate a COT. Therefore, if a UE initiates a COT within gNB’s COT, gNB can still use gNB’s COT after the UL transmission, for DL transmission to the UE or other UEs, and allow other UL transmission to use gNB’s COT. Therefore, Alt-b does not deprive gNB’s role of initiator. 

· Question 3: If a UE transmits UL on the boundary of UE FFP by initiating a UE’s COT instead of using gNB’s COT, whether the UL transmission would block gNB’s LBT and DL transmission, and whether the UL transmission would block other UE’s UL transmission? 
Such concern can be easily resolved by proper gNB configuration, e.g. proper CG PUSCH resource allocation, or dynamic scheduling, e.g. by SFI, or UL grant overwriting the CG PUSCH, or UL CI. It is noted that if the blocking is caused by the transmission itself, it happens no matter the UL transmission is performed corresponding to gNB's COT or UE’s COT, i.e. same for both Alt-a and Alt-b. Therefore, Alt-b does not cause additional inter-UE or UE-to-gNB blocking. 
Alt-a seems to reuse existing Rel-16 FBE UE behavior to simplify UE behavior, but it actually complicates UE behavior, increases power consumption and reduce the opportunity for configured UL transmission not aligned with FFP boundary, as analyzed below. 
· A UE has to always check whether gNB has initiated the COT, it looks similar as Rel-16 UE behavior. However, such check procedure for CG PUSCH at UE FFP boundary is different from the check procedure for CG PUSCH after a UE FFP boundary is different (wherein the UE first prioritizes to check if gNB initiated a COT for the first case, while the UE first prioritizes to check if UE initiated a COT for the second case). Therefore, Alt-a does not simplify UE procedure, it still requires UE to handle two different check procedures. 

· If a UE can not initiate a COT when a gNB has initiated the COT, the UL transmissions not aligned with UE FFP boundary which may be overlapped with gNB’s idle period or in next gNB FFP may not be transmitted, unless gNB also transmits DL to initiate a COT in the next gNB FFP.  Apparently, requiring a gNB to transmit DL to initiate a COT for potential UL transmission even though gNB may not have any DL traffic increases DL power consumption and degrades DL/UL resource efficiency due to unnecessary DL transmission. On the contrary, by Alt-b, UE can transmit ULs not aligned with UE FFP corresponding to UE’s COT without the need of DL transmission at the start of next gNB FFP. 
Based on the analysis above, Alt-b is preferred. 
Proposal 1: When a configured UL transmission aligns with a UE FFP boundary and ends before the idle period of that UE FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b). 

COT-initiator determination for scheduled UL transmissions
In last meeting, RAN1 continued discussion on how to determine a COT initiator for scheduled UL transmission but still failed to achieve consensus. 
For a scheduled UL transmission that is aligned with a UE FFP boundary, one way (Alt-a) is to let gNB to control whether the UE can initiate the COT by scheduling DCI, the other way (Alt-b) is to reuse the rules applied for configured UL transmission to determine whether to initiate the COT. 
In both LTE and NR, scheduled transmission is always more flexible and dynamically controlled by gNB by DCI. Configured transmission would be tied to some pre-defined rules with less flexibility. Therefore, the design principle for scheduled and configured transmission is quite different. 
Similarly, for COT initiation, it is natural to enable full flexibility for gNB to control UE to initiate a COT or not. It simplifies UE behavior by just let UE follow gNB’s indication without additional check (e.g. no need to check whether the UL transmission is in a gNB or UE’s COT). And fortunately, such COT initiation does not require additional signaling overhead. In Rel-16 NR-U, there is already a bit field (ChannelAccess-CPext-CAPC/ ChannelAccess-Cpext) for LBT indication and CP extension. In case of FBE, such bit field is mandatory in both fallback DCI 1_0/0_0 and normal DCI 1_1/0_1, and it is always present in random access response. It is natural to also support such bit field in DCI 1_2/2_2 with minor standard effort (align with WID objective ‘minimum specification impact’), rather than artificially make it absent and introduce new rules to decide which LBT type and CP extension is used. With the existing ChannelAccess-CPext-CAPC/ ChannelAccess-Cpext bit field, there can be up to 4 states. In Rel-16 NR-U FBE, 3 states are defined and one state is reserved as shown in the table below. Apparently, the channel access type indicated by 0, 1 or 2 is not applicable for UE initiated COT. If gNB indicates one of these states, it can be understood that gNB disables UE to initiate a COT. The reserved state ‘3’ can be used to indicate 9us LBT right before the UL transmission to initiate UL COT. Consequently, gNB can dynamically indicate LBT type and indicate UE COT initiation without additional DCI overhead. 

Table 7.3.1.1.1-4A: Channel access type & CP extension if ChannelAccessMode-r16 = "semistatic" is provided 
	Bit field mapped to index
	Channel Access Type 
	The CP extension T_"ext"  index defined in Clause 5.3.1 of [4, TS 38.211]

	0
	No sensing as defined in Clause 4.3 in TS 37.213
	0

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2

	2
	9us sensing within a 25us interval as defined in Clause 4.3 in TS 37.213
	0

	3
	· Reserved in Rel-16 NR-U
· In Rel-17: 9us sensing right before UL transmission to initiate a UE COT 
	· Reserved in Rel-16 NR-U
· In Rel-17: 0



Proposal 2: For a scheduled UL transmission, the UE determines whether the UL transmission should be transmitted according to shared gNB COT or UE-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI (Alt-a). 

Harmonizing CG PUSCH in NR-U and URLLC
In last meeting, RAN1 made some progress on how to support CG-UCI based procedures and CG-DFI based procedures, RAN1 agreed to down-select from option 1 and option 2-a. 
· 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.

Key discussion point is, 
(1) Whether CG-UCI based HARQ procedure (UE-selected HARQ process ID and RV) is beneficial, when cg-RetransmissionTimer-r16 is disabled
(2) Whether COT information indicated by UE is beneficial, when cg-RetransmissionTimer-r16 is disabled. 
If the answer of at least one of above questions is yes, then, option 2-a is beneficial, otherwise, option 1 is sufficient. 
For (1), UE-selected HARQ process ID and RV enables flexible transmission occasion for initial transmission, which reduces latency if the traffic arrival is not well matched with CG PUSCH transmission configuration. UE can start CG PUSCH transmission in any CG PUSCH transmission occasion right after traffic arrival and successful LBT, without the restriction of usable CG PUSCH transmission occasion associated with certain HARQ process number and RV as in Rel-16 URLLC. It is noted that, though multiple CG PUSCH configuration may also reduce latency when the traffic arrival is not well-matched with one CG PUSCH configuration, configuring and maintaining multiple CG PUSCH configuration adds additional complexity and signaling overhead. For example, multiple HARQ processes are reserved (because of different HARQ process for different CG PUSCH configuration) while the UE may only use one HARQ process, which reduces the whole scheduling efficiency. On the contrary, CG-UCI based HARQ procedure allows HARQ process sharing among multiple CG PUSCH configurations, which improves efficiency and scheduling flexibility. Furthermore, even though LBT failure probability is low in controlled environment, CG-UCI based HARQ procedure still reduces the latency caused by LBT (not necessarily LBT failure). For example, in case of LBE, a UE can choose a CG PUSCH transmission occasion within gNB’s COT rather than wait for a CG PUSCH transmission occasion for a certain HARQ process number and RV out of gNB’s COT, then, UE can perform a much shorter LBT, e.g. perform Type-2 LBT instead of Type-1 LBT. 
For (2), COT information enables UE-to-gNB COT sharing, at least for LBE mode, which reduces latency for LBT procedure at gNB side, e.g. using Type-2 LBT instead of Type-1 LBT. In FBE mode, if there would be miss-alignment between gNB and UE on whether a UL transmission is performed using gNB’s COT or UE’s COT, COT information in CG-UCI is still beneficial. 
Based on the analysis above, the answer to (1) and (2) are both ‘yes’. Therefore, option 2-a should be supported.  
Proposal 3: Support option 2-a for IIOT over unlicensed band: 
· 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.
Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Proposal 1: When a configured UL transmission aligns with a UE FFP boundary and ends before the idle period of that UE FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b). 
Proposal 2: For a scheduled UL transmission, the UE determines whether the UL transmission should be transmitted according to shared gNB COT or UE-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI (Alt-a). 
Proposal 3: Support option 2-a for IIOT over unlicensed band: 
· 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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