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1. Introduction & Background

In RAN#88 e-Meeting, the work item for enhanced industrial internet of things (IoT) and URLLC has been further revised [1], the detailed objectives for URLLC in unlicensed band with control environment were further elaborated as below:
	[…]

2.   Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
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 will discuss the potential enhancements to the channel access mechanisms for UE initiated COT with FBE and harmonizing UL configured grant for URLLC/IIoT in unlicensed spectrum.
2. Enhanced channel access mechanisms
UE-initiated COT for FBE should be specified to support URLLC in unlicensed control environment. The related details such as the enabling of this functionality, the length and offset of the FFPs for gNB and UE need to be further studied.
1.1. UE-initiated COT for FBE
The gNB operating as an initiating device brings flexibility to the UE within the FFP when it obtains the channel. UE can transmit anywhere within the remaining COT by sharing the gNB-initiated COT. However, it will also lead to transmission restrictions to the UE to some extent since all the UL transmissions will depend on the channel status of the gNB and the detection of the possible DL transmissions. Such only supporting gNB-initiated COT for FBE in Rel.16 is not efficient and not beneficial to reduce the latency especially for configured UL transmissions. Therefore, UE initiated-COT for FBE should be specified such that UE can transmit at the earliest time in the FFP without detecting DL signals from gNB. As shown in Figure 1, by UE-initiated COT, PUSCH1 can be transmitted at the beginning of FFP2 without waiting to share with the gNB-initiated COT.
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Figure 1 UE initiated COT
To enable the UE-initiated COT, there may be several possible mechanisms. One simple solution is that based on the resource allocation or configuration, the UE can choose to share the gNB-initiated COT or initiate its own COT as shown in Figure 1. When the allocated or configured UL resources are aligned with the start position of the FFP, UE can perform CCA immediately before the FFP and initiate its own COT as in FFP2. When the allocated or configured UL resources are not aligned with the start position of the FFP, UE can detect DL signals/channels. If DL signals/channels are detected, UE can share the gNB-initiated COT as in FFP3. This mechanism is applicable to both synchronized FFP scenario where the starting positions of the FFPs for gNB and UE are aligned, and asynchronized FFP scenario where the starting positions of the FFPs for gNB and UE are not aligned.
The other way is to enable the UE-initiated COT by gNB. The gNB can indicate in DCI with a dedicated field to enable or disable UE-initiated COT. UE is only allowed to initiate COT when gNB enables the functionality. When the functionality is disabled, UE must perform DL signal to share the gNB-initiated COT even if the UL transmission resource is allocated or configured at the start of the FFP. This mechanism is more feasible for the scenarios with asynchronized FFP as shown in section 2.2.
Proposal 1: The following mechanisms can be considered to enable UE-initiated COT:

Option 1: enable the UE-initiated COT by UE.
Option 2: enable the UE-initiated COT dynamically by gNB
1.2. Asynchronized FFPs
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Figure 2 Asynchronized FFPs
Enabling UE as an initiating device can bring further flexibility. However, in each FFP, only one device can perform as an initiating device as discussed in section 2.1. gNB and UE know which one is the initiating device before the FFP. However, for UEs with configured grant UL transmission, although the resources can be configured to be aligned with the starting position the FFP, there may not be any data available at that time. Therefore, if data arrives in the middle of the FFP, UE needs to wait for the next FFP for transmission.
To adapt more flexibly for FBE operation, gNB and UE can share the channel by applying asynchronized FFPs as shown in Figure 2. gNB and UE will have different FFP configurations. The starting positions of the FFP for gNB and UE are not synchronized. In Figure 2, the FFP of gNB starts earlier than the FFP of UE. Therefore, UE can perform CCA and DL signals/channels detection before its FFP. If DL signals/channels are detected as in FFP1, UE can share the gNB-initiated COT, and transmit anywhere within the remaining COT of the gNB. If the UE fails to detect any DL signals/channels, and the CCA shows that the channel is idle, UE can initiate its own COT and transmit from the starting position of its own FFP. In the FBE operation with asynchronized FFPs, UE with configured grant always has two options before each FFP, one is to share the gNB-initiated COT, and the other is to transmit as an initiating device if gNB fails to obtain the channel.  
Besides, the FFP of the UE can also starts earlier than the FFP of gNB. In this way, UEs with urgent traffic can be transmitted at the earliest time. Otherwise, UE skips channel access at the beginning of the FFP, and gNB can access the channel at a later time. UE may also share the gNB-initiated COT whenever necessary.
Proposal 2: It is beneficial to support asynchronized FFPs since it provides more transmission chances for gNB and UE.
1.3. Different FFP length
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Figure 3 Different FFP length
Besides, considering the possible different traffic patterns and requirements at the gNB and UE side, it would be beneficial to configure different FFP length or periodicity for gNB and UE to enable promptly data transmission. As shown in Figure 3, UE can be configured with shorter FFP length or periodicity if its traffic arrives with smaller packet size and requires lower latency. Shorter FFP length or periodicity gives more channel access possibilities for UE without forcing gNB to acquire the channel all the time and share the channel to UE. UE can transmit the data from the starting position of the next available FFP with less delay. Meanwhile, if the DL data traffic is with larger packet size, the required transmission time will become longer, there is no need for gNB to frequently acquire the channel, a longer FFP length or periodicity can be configured.
Proposal 3: Different FFP length can be considered for gNB and UE.
3. Harmonizing UL CG enhancements in NR-U and URLLC
Rel-15 specifies basic mechanism for PUSCH transmission with configured grant (CG) and it is further enhanced in Rel.16 URLLC WI and Rel.16 NR-U WI. In general, the enhancements for UL CG in Rel.16 unlicensed band are mainly for reducing the negative impacts caused by LBT failure and it gives more flexibilities for the UE to manage the CG transmissions. While UL CG enhanced in Rel.16 URLLC configured in licensed band mainly targets for meeting the latency and reliability requirements and for supporting different traffic Types running at the UE side. With different purposes, the features for UL CG  in URLLC and NR-U are also different. Table 1 gives a brief summary.

Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC
	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


As observed above, many UL CG features are different for the Re-16 NR-U and Rel-16 URLLC. To accommodate CG for URLLC in unlicensed band with controlled environment, there are three ways:
· Option 1: only support URLLC CG mechanism in unlicensed band.
· Option 2: NW can decide to use either URLLC CG mechanism or NR-U CG mechanism in unlicensed band.  

· Option 3: feature-by-feature discussion or combination of some features from NR-U and URLLC CG mechanism. 

Option 1 is straightforward. Considering the URLLC operation in unlicensed band is under the controlled environments, it implies that the carrier quality on unlicensed band is comparable as that on licensed band. Therefore, it is reasonable to adopt the URLLC CG mechanism in unlicensed band.
Option 2 is also simple and it provides some flexibility for the NW side. Depending on the scenario or traffic types running at the UE side, gNB can decide which mechanism to use.
Option 3 is a little bit complex. More specification efforts are needed. Besides, it may not bring material benefits for URLLC in unlicensed band with controlled environment. 

Proposal 4: Option 1 or option 2 is preferred to support UL CG for URLLC in unlicensed band.
4. Conclusion

In this contribution, we discussed potential enhancements to channel access mechanism for URLLC/IIoT in unlicensed spectrum. The following proposals are given:

Proposal 1: It is beneficial to enable UE as an initiating device for FBE operation.
Proposal 2: It is beneficial to support asynchronized FFPs since it provides more transmission chances for gNB and UE
Proposal 3: Different FFP length can be considered for gNB and UE.
Proposal 4: Option 1 or option 2 is preferred to support UL CG for URLLC in unlicensed band.
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