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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
And in RAN1#102e meeting, some agreements about the two issues above were made in [2]. In this contribution, based on the achieved agreements, we continuously discuss the details of the UE-initiated COT for FBE and harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16.
UE-initiated COT for FBE
In order to introduce UE-initiated COT in FBE, in our view, the first thing to be considered is to determine the fixed frame period (FFP) and the starting location of FFP corresponding to UE-initiated COT. Further, after the introduction of UE-initiated COT, it is necessary to consider and determine whether one COT-initiator can block another COT-initiator in NR based system. In addition, whether to support UE-initiated COT to be shared with gNB when the gap between UL and DL is larger than 16us should also be discussed. In the following section, we will share our views on the above mentioned issues for UE-initiated COT.
1.1 FFP and offset for UE-initiated COT










The periodicity of tdd-UL-DL configuration is selected from set {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms or {3, 4}ms, and the FFP for gNB-initiated COT is selected from set {1, 2, 2.5, 4, 5, 10} ms. FFP for gNB-initiated COT is a subset of the periodicity of tdd-UL-DL configuration so that the slot configuration indicated by tdd-UL-DL configuration and SFI can accommodate the FFP for gNB-initiated COT. For example, the slot configuration indicated by tdd-UL-DL configuration and SFI can be flexible symbols and downlink symbols at the beginning of FFP for gNB-initiated COT. Based on this, we think the same method should also be considered for UE-initiated COT, i.e., the FFP for UE-initiated COT can be a subset of the periodicity of tdd-UL-DL configuration and the starting of the first FFP for UE-initiated COT should align with the even indexed radio frame when the offset for UE-initiated COT is zero. That is to say, when the offset for UE-initiated COT is 0, a periodic channel occupancy can be initiated by UE every  within every two consecutive radio frames, starting from the even indexed radio frame at , where  is FFP for UE-initiated COT and . When the offset for UE-initiated COT is configured as ,  a periodic channel occupancy can be initiated by UE every  within every two consecutive radio frames, starting from the even indexed radio frame at , where  is FFP for UE-initiated COT and .  The reference location of offset for UE-initiated COT can be the starting of even indexed radio frame and the range of the offset can be ms.


Figure 1 One configuration example for UE-initiated COT
In the configuration of FFP for gNB-initiated COT and UE-initiated COT, there is no strong motivation to always keep the FFP for UE-initiated COT consistent with the FFP for gNB-initiated COT. Therefore, the FFP for UE-initiated COT and gNB-initiated COT can be configured independently.
Proposal 1: For UE-initiated COT in FBE, 
· The FFP can be configured independently.
· The FFP can be a subset of the periodicity of tdd-UL-DL configuration.
· 
The offset range of the starting of FFP relative to the boundary of even indexed radio frame can be ms.
· The starting of the first FFP should align with the even indexed radio frame when the offset for UE-initiated COT is zero.
1.2 Overlapping between the gNB’s FFP and UE’s FFP 
One COT-initiator blocking another COT-initiator means that “one COT-initiator” may transmit in the FFP’s idle period of “another COT-initiator”. For gNB-initiated COT, the gNB may transmit in the idle period of UE’s FFP and the UE can share the COT of the gNB used to transmit UL transmission. However, for UE-initiated COT, the UE shall not transmit in idle period of gNB’s FFP. Because the gNB is only allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or transmit DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy. That is to say, gNB cannot share the COT of the UE to transmit unicast transmission for the other UE and the other UE also cannot share the COT of the UE. This may lead many UEs not being able to meet the latency requirement.  
Proposal 2: The COT of the gNB can block the UE initiated COT, but the COT of the UE shall not block the gNB initiated  COT.
1.3 
UE-to-gNB COT sharing in  us


There is no strong motivation to restrict UE-to-gNB COT sharing in us in FBE. For LBE, an agreement was achieved in RAN1 #96b meeting, and gNB ensures that gaps between 16 and 25 microseconds do not occur. Similar to LBE, for us, gNB ensures that do not occur in FBE.
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less


Both the COT sharing between UE and gNB of LBE and the gNB-to-UE COT sharing of FBE support the COT sharing if the gap is 25us. Therefore, for FBE and the  us, UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles. In the LBE, the existing specs does not support COT sharing when the gap between UL and DL to be larger than 25us (that is, us ) and it may cause channel loss when there is no transmission after any transmissions is larger than 25us. For FBE, it should be clarified whether the channel will be lost similar to LBE when the gap exceeds 25us or the channel is always valid for the initiating device which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest idle period. This should be clarified.

Proposal 3: For the us, UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Proposal 4: For FBE, it should be clarified whether the channel will be lost similar to LBE when the gap exceeds 25us or the channel is always valid for initiating device which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest idle period.
Harmonizing UL configured-grant enhancements in NR-U and Rel-16 URLLC
In RAN1 #102e, it was only agreed that  cg-RetransmissionTimer should not be mandated for configured grant Type 1 or Type 2 configured on unlicensed spectrum. However, details on how to harmonize UL configured-grant enhancements in NR-U and Rel-16 URLLC are still FFS. Based on the conclusion below, we can take Table 1 below in [3] as a starting point to analyse the harmonization of CG features for Rel-16 URLLC and Rel-16 NR-U.
	 Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.


Table1 in [3]
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO
{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant



In the following, we further discuss feature by feature for the harmonization of CG features for Rel-16 URLLC and Rel-16 NR-U.
1.4 Multiple CG configurations
Multiple CG configurations is supported for both Rel-16 URLLC and Rel-16 NR-U. The multiple-CG specific features are summarized as follows.
· The number of CG configurations supported.
· The special fields for activation and release PDCCH validation for multiple CG configurations.
· HARQ process sharing among multiple CG configurations.
For the first two features, there is no difference between Rel-16 URLLC and Rel-16 NR-U. However, the HARQ process can be shared between different CG configurations in the same BWP for Rel-16 NR-U while not supported for Rel-16 URLLC. Considering the HARQ sharing feature offers more flexibility, the operation of multiple CG configurations can be based on Rel-16 NR-U CG feature. 
Proposal 5: The operation of multiple CG configurations is based on Rel-16 NR-U CG feature. 
1.5 HARQ ID determination per CG
In Rel-16 URLLC, the HARQ ID is calculated by a deterministic equation, depending on the the starting position of the CG transmission and the periodicity of the CG etc, as defined in TS 38.321. In Rel-16 NR-U, the HARQ ID is decided and reported by the UE in CG-UCI.
In our view, the feature defined in Rel-16 NR-U is more flexible, and it is an enabler for HARQ process sharing among multiple CG configurations. Thus, we prefer the operation of HARQ ID determination per CG to be based on Rel-16 NR-U CG feature. 
Proposal 6: The operation of HARQ ID determination per CG is based on Rel-16 NR-U CG feature. 
1.6 RV determination
In Rel-16 URLLC, the RV sequence is configured from one of the sets {0,0,0,0}; {0,3,0,3}; {0,2,3,1}. The RV cycling is used for different repetitions. In Rel-16 NR-U, the RV is decided and reported by the UE in CG-UCI. 
Similar to HARQ-ID determination, Rel-16 NR-U CG feature is preferred for URLLC operation in unlicensed band.
Proposal 7: The operation of RV determination is based on Rel-16 NR-U CG feature. 
1.7 Repetition scheme
1.7.1 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 2(a).


Figure 2(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 2(b).


Figure 2(b) Repetition pattern of CG-PUSCH in NR-U
[bookmark: OLE_LINK2]Compared to Figure 2(a), there is additional latency between Rep#2 and Rep#3 in Figure 2(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 also be supported. 
Based on above, a combined feature by absorbing both beneficial properties from URLLC and NR-U is needed. As a result, we have the following proposal.
Proposal 8: For CG repetition pattern in the time domain, a combined feature based on both Rel-16 URLLC feature and NR-U feature is supported . 
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
· Configuring additional transmission occasions across a number of slots to ensure K repetitions is supported as in Rel-16 NR-U.
1.7.2 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 9:  For he interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions), Rel-16 NR-U feature is used with modifying the repetition to actual repetition.
· 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.
1.7.3 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 10:  For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
1.7.4 Initial transmission occasion for CG-PUSCH
[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 than 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.
If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission can only start at the first transmission occasion of the K repetitions for URLLC. This mainly comes from gNB detection concerns to avoid blind detection of the starting position for gNB. Similar concern still holds for URLLC operation in unlicensed band. Thus, this feature defined in URLLC could be reused. 
Proposal 11: If Configuredgrantconfig-StartingfromRV0 is set to ‘on’, it is configurable to enable or disable the feature for starting the initial transmission at the last repetition when K≥8. If Configuredgrantconfig-StartingfromRV0 is set to ‘off’, Rel-16 URLLC behavior is used.
1.8 Downlink feedback information (DFI) and CG Re-transmission
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, if cg-RetransmissionTimer is present, NR-U re-transmission mechanism can be used for URLLC over unlicensed band.
Proposal 12: If cg-RetransmissionTimer is configured, the CG re-transmission including introducing of DFI is based Rel-16 NR-U CG features, and is based on Rel-16 URLLC CG feature otherwise.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: For UE-initiated COT in FBE, 
· The FFP can be configured independently.
· The FFP can be a subset of the periodicity of tdd-UL-DL configuration.
· 
[bookmark: _GoBack]The offset range of the starting of FFP relative to the boundary of even indexed radio frame can be ms.
· The starting of the first FFP should align with the even indexed radio frame when the offset for UE-initiated COT is zero.
Proposal 2: The COT of the gNB can block the UE initiated COT, but the COT of the UE shall not block the gNB initiated  COT.

Proposal 3: For the us, UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Proposal 4: For FBE, it should be clarified whether the channel will be lost similar to LBE when the gap exceeds 25us or the channel is always valid for initiating device which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest idle period.
Proposal 5: The operation of multiple CG configurations is based on Rel-16 NR-U CG feature. 
Proposal 6: The operation of HARQ ID determination per CG is based on Rel-16 NR-U CG feature. 
Proposal 7: The operation of RV determination is based on Rel-16 NR-U CG feature. 
Proposal 8: For CG repetition pattern in the time domain, a combined feature based on both Rel-16 URLLC feature and NR-U feature is supported . 
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
· Configuring additional transmission occasions across a number of slots to ensure K repetitions is supported as in Rel-16 NR-U.
Proposal 9:  For he interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions), Rel-16 NR-U feature is used with modifying the repetition to actual repetition.
· 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 10:  For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
Proposal 11: If Configuredgrantconfig-StartingfromRV0 is set to ‘on’, it is configurable to enable or disable the feature for starting the initial transmission at the last repetition when K≥8. If Configuredgrantconfig-StartingfromRV0 is set to ‘off’, Rel-16 URLLC behavior is used.
Proposal 12: If cg-RetransmissionTimer is configured, the CG re-transmission including introducing of DFI is based Rel-16 NR-U CG features, and is based on Rel-16 URLLC CG feature otherwise.
Reference
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