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Introduction
In the RAN#88 meeting, the scope for URLLC in unlicensed controlled environments in Rel-17 URLLC WI was finally determined [1]. Only the following two aspects for uplink enhancements are included.
a. Specify support for UE-initiated COT for FBE with minimum specification effort
b. Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
In this contribution, we mainly discuss the details of the issues above for unlicensed band URLLC/IIoT.
UE-initiated COT for FBE
In current TS 37.213, for UE-initiated COT in FBE, there is only a brief description as follows:
	In the following procedures in this clause, when a gNB or UE performs sensing for evaluating a channel availability, the sensing is performed at least during a sensing slot duration . 


Similar to gNB-initiated COT, channel occupancy initiated by a UE and shared with gNB in FBE should be specified. In order to minimize specification effort, for UE-initiated COT, the behavior of UE and gNB should try to reuse the philosophy of gNB-initiated  COT with corresponding modification. 
Due to support of UE-initiated COT, the gNB may also perform some transmission during the current channel occupancy time when the channel sensed to be busy. Therefore, the following description for gNB is not reasonable and should remove from the current specification and the UE should also not be subject to this restriction. 
	If the channel is sensed to be busy, the gNB shall not perform any transmission during the current channel occupancy time. 


Proposal 1: gNB and UE can perform some transmission during the current channel occupancy time by sharing COT when the channel sensed to be busy.
For UE sharing the gNB-initiated COT, different UEs can share the same COT initiated by gNB and UE can not determine the gap between UL and UL transmission bursts due to the UL and UL transmission bursts may be from different UEs. Differently, gNB sharing the UE-initiated COT should consider the case that gap between the DL and DL transmission bursts is more than 16us and the DL and DL transmission bursts are from the same gNB. In the above case, the solution for the case of gap between the DL and DL transmission bursts more than 16us should be same for the case of gap between the DL and UL transmission bursts more than 16us.
Proposal 2: For gNB sharing the UE-initiated COT, the case when the gap between the DL and DL transmission bursts is more than 16us should be considered.
Harmonizing UL configured-grant enhancements in NR-U and Rel-16 URLLC
1.1 Analysis on time-domain resource allocation for CG-PUSCH
1.1.1 Repetition pattern in the time domain 
[bookmark: OLE_LINK5]In Rel-16 NR URLLC, PUSCH repetition type B is introduced. The TDRA table indicates the start symbol and the time duration for the first “nominal” repetition and the “nominal” repetition numbers. And, the remaining “nominal” repetitions are appended following the previous “nominal” repetition without any gaps in one or more available slots. If a “nominal” repetition goes across the slot boundary or invalid symbols, this “nominal” repetition is automatically split into multiple actual repetitions. The repetition pattern of URLLC PUSCH repetition type B can be seen in Figure 1(a).


Figure 1(a) Repetition pattern of URLLC CG-PUSCH repetition type B
In Rel-16 NR-U, CG-PUSCH repetition based on mini-slot level is supported. The high layer parameter cg-nrofSlots-r16 provides the number of consecutive slots, and cg-nrofPUSCH-InSlot-r16 provides the number of consecutive PUSCH allocations within a slot. The first PUSCH allocation is indicated by TDRA table and the remaining PUSCH allocations are appended following the previous allocation without any gaps within a slot. The same repetition pattern repeats over the consecutively allocated slots. An example of CG-PUSCH in NR-U is shown in Figure 1(b).


Figure 1(b) Repetition pattern of CG-PUSCH in NR-U
[bookmark: OLE_LINK2]Compared to Figures 1(a), there is additional latency between Rep#2 and Rep#3 in Figure 1(b). Considering the latency target in URLLC, back-to-back repetitions with segmentation across the slot boundary or invalid symbols should be supported. On the other hand, because of possible LBT failure in some of the transmission occasions, configuring additional transmission occasions across a number of slots to ensure K repetitions should be supported. 
To combine both beneficial properties, one way is that the starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition is determined by NR-U rules, while the repetitions should be back-to-back like Repetition type B in URLLC. An example for such combined repetition pattern is shown in Figure 1(c).


Figure 1(c) Combined repetition pattern for URLLC over unlicensed band
Proposal 3: For CG PUSCH, the repetition pattern for URLLC over unlicensed band is determined as follows.
· The starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition is determined by NR-U rules.
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
1.1.2 Whether initial transmission for CG-PUSCH can be transmitted in the last repetition when K≥8
[bookmark: OLE_LINK3]For URLLC, if a configured grant configuration is configured with Configuredgrantconfig-StartingfromRV0 set to 'on', the initial transmission of a transport block cannot start at the last (nominal) repetition when K≥8 if the configured RV sequence is {0,0,0,0}. In Rel-16 NR-U, the initial transmission starts at a transmission occasion as long as LBT succeeds, i.e., there is no such limitation..

Then, the question is whether to apply such restrictions as defined in Rel-15 and Rel-16 URLLC. If applied, it may put at risk of keeping delaying the CG PUSCH transmission due to LBT failure or the collision of DL/UL directions in the transmission occasions of the follow-up periods. If not applied, it may cause the waste of the last transmission occasion when K≥8, and may also cause more latency since the re-transmission can only starts X symbols later which could be later the first transmission occasion in the next period. Here, X is the total symbols of cg-minDFIDelay and . 
Thus, it seems not a black-and-white issue. One way is to make this configurable just like to enable or disable the feature of starting from any RV0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3} as defined in Rel-16 URLLC.
Proposal 4: For CG PUSCH, it is configurable to enable or disable the feature of starting the initial transmission at the last repetition when K≥8.
1.1.3 How to handle CG-UCI transmission when segmentation occurs 
If segmentation of one nominal repetition around the slot boundary or invalid symbols is introduced for URLLC over unlicensed band, how to transmit the CG-UCI should be discussed.
In Rel-16 URLLC, the RV ID and DMRS location are based on actual repetition. Similarly, the CG-UCI can be transmitted per actual repetition. That is to say, when a nominal repetition is segmented into multiple actual repetitions, the CG-UCI of the nominal repetition will be repeated multiple times on each actual repetitions. 
Proposal 5:  For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
1.2 How to handle the interaction with DL/UL directions
For interaction with DL/UL directions, different rules are defined for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) in Rel-16 URLLC and NR-U in case dynamic SFI is configured while not received. More specifically, the rules are summarized as follows.
For Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) in Rel-16 URLLC and NR-U in case dynamic SFI is configured while not received.
· URLLC rules: If dynamic SFI is not received for at least one symbol of an actual repetition, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· NR-U rules: If not provided EnableConfiguredUL-r16, the CG-PUSCH is not transmitted if it conflicts with a semi-static flexible symbol. If provided EnableConfiguredUL-r16, the CG-PUSCH can be transmitted.
Given NR-U rules are more flexible with introducing EnableConfiguredUL-r16, they can be reused with changing the collision unit to actual repetition to accommodate URLLC feature. That is, if dynamic SFI is not received and not provided EnableConfiguredUL-r16, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. And if dynamic SFI is not received but provided EnableConfiguredUL-r16, the actual repetition can be transmitted.
Proposal 6:  For URLLC over unlicensed band, the interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) is determined as follows.
· If dynamic SFI is not received and not provided EnableConfiguredUL-r16, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· If dynamic SFI is not received but provided EnableConfiguredUL-r16, the actual repetition can be transmitted.
1.3 Retransmission for CG-PUSCH
For CG-PUSCH in URLLC, during the running of configuredGrantTimer, the re-transmission is triggered by a dynamic grant scrambled by CS-RNTI with NDI=1. If the configuredGrantTimer expires and the dynamic grant for re-transmission is not detected, the CG-PUSCH is assumed to be successfully received. 
In NR-U, it introduces a re-transmission timer cg-RetransmissionTimer, which is always less than the value of configuredGrantTimer. During the running of cg-RetransmissionTimer, a UE determines whether a CG-PUSCH is received correctly by detecting DFI carrying HARQ-ACK for that CG-PUSCH. If DFI carries ACK, the CG-PUSCH can be early terminated. If a NACK is received or the cg-RetransmissionTimer expires while the related DFI is not detected, the CG-PUSCH is assumed to be failed and a re-transmission on CG resource will be triggered.
The NR-U mechanism can solve the DTX issue at gNB side, which is beneficial for URLLC reliability as once discussed in Rel-16 URLLC SI. Thus, NR-U re-transmission mechanism can be used for URLLC over unlicensed band.
[bookmark: _GoBack]Proposal 7: For URLLC over unlicensed band, the retransmission mechanism of CG-PUSCH in NR-U can be reused.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: gNB and UE can perform some transmission during the current channel occupancy time by sharing COT when the channel sensed to be busy.
Proposal 2: For gNB sharing the UE-initiated COT, the case when the gap between the DL and DL transmission bursts is more than 16us should be considered.

Proposal 3: For CG PUSCH, the repetition pattern for URLLC over unlicensed band is determined as follows.
· The starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition is determined by NR-U rules.
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
Proposal 4: For CG PUSCH, it is configurable to enable or disable the feature of starting the initial transmission at the last repetition when K≥8.
Proposal 5: For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
Proposal 6: For URLLC over unlicensed band, the interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) is determined as follows.
· If dynamic SFI is not received and not provided EnableConfiguredUL-r16, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· If dynamic SFI is not received but provided EnableConfiguredUL-r16, the actual repetition can be transmitted.
Proposal 7:  For URLLC over unlicensed band, the retransmission mechanism of CG-PUSCH in NR-U can be reused.
Reference
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