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1. Introduction
In this contribution, we provide discussions on potential enhancements for unlicensed band URLLC/IIoT. According to the agreements in RAN plenary #88e [1], the scope of uplink enhancement for URLLC in unlicensed controlled environments is confined to 1) specify support for UE-initiated COT for FBE with minimum specification effort; 2) harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum.　To our understanding, under the unlicensed controlled environment, interference from other systems is considerably controllable/predictable and thus collisions and/or interference have much less impact on the implementation of URLLC/IIoT. It has been discussed that the combination of UE-initiated COT for FBE and UL configured-grant could further enhance uplink latency performance under such controlled environment. For instance, the waiting time before the UE transmits PUSCH can be reduced since that the UE does not need to wait for the gNB scheduling uplink transmission after seizing the channel. Targeting at such operation is reasonable for URLLC in unlicensed controlled environments, based on which the following detailed discussions are expanded.

Definitions and notations:
· FFP (fixed frame period): Tx = Period in ms, as defined in TS38.214 Clause 4.3.
· IP (idle period): Tz = max(0.05Tx, 100us), as defined in TS38.214 Clause 4.3.
· COT (channel occupancy time): the total time for which gNB/UE and any gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after a gNB/UE performs the corresponding channel access procedures, as defined in TS38.214 Clause 4.3.
· FFP-g: FFP configured for gNB; FFP-u: FFP configured for UE;
· IP-g: idle period of FFP-g; IP-u: idle period of FFP-u;
· COT-g: gNB-initiated COT; COT-u: UE-initiated COT.

2. UE-initiated COT for FBE
Agreements on UE-initiated COT for FBE achieved during the previous RAN1 #102-e meeting [2]:

	[bookmark: _Hlk6227919]Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.

Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period

Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode

Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.


Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with 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.
Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
[bookmark: _Hlk49462189]Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters





From the agreements and discussions during RAN1 #102-e, we observed that main issues on constructing basic FBE framework with both gNB-initiated COT and UE-initiated COT have been clarified:
· For parameter configuration, the start of FFP-u can be different from FFP-g. FFP-u parameters can be provided by at least dedicated RRC signalling.
· A UE-initiated COT can be shared by the gNB. The idle period is defined for gNB-initiating, gNB-to-UE sharing, UE-initiating, and UE-to-gNB sharing.
· Support any UL transmission to initiate a COT by a UE in RRC_CONNECTED mode.
However, there are FFS issues remained from RAN1 #102-e and also some other potential issues. In the follows we provide discussions addressing these issues.

2.1.  Conditions for UE initiating COT and idle period
As shown in Figure 1 and Figure 2(A), consider a general case where FFPs of the gNB and the UE are misaligned. Obviously, if no DL transmission within the FFP-g is indicated to the UE/detected by the UE, the UE may initiate a COT-u (assuming that no COT-g in the FFP-g has been initiated) in Figure 1. To determine whether a COT-g is initiated, the UE needs to monitor potential DL transmission at least at the beginning of the FFP-g. On the other hand, it requires more discussions on that a COT-g has been initiated as shown in Figure 2(A), (B), (C). Basically, there are two options:

· Option 1: the UE is not allowed to initiate a COT-u in a FFP-g with initiated COT-g.
· Option 2: the UE may initiate a COT-u in a FFP-g with initiated COT-g.

Although Option 1 is simple and may cause less spec impact, scheduling flexibility is limited, e.g., less opportunities for initiating COT-u and the UE cannot have enough resource for URLLC data transmission when the UE transmits the data only in the remaining time for COT-g. Such limitations are not favourable for the low latency target. Thus, we propose the follows supporting Option 2:
Proposal 1: Prefer to allow UE to initiate a COT-u in a FFP-g with initiated COT-g.
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Figure 1: An example illustrating a COT-u in a FFP-g without initiated COT-g
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Figure 2(A): An example illustrating a COT-u in a FFP-g with initiated COT-g

Hereafter we provide further discussions based on Option 2. Firstly, note that although the maximum duration of COT-g is fixed to FFP-g – IP-g, the practical duration of COT-g is variable depending on the scheduling. Thus, even though the UE detected that the COT-g has been initiated, the UE does not know the duration of COT-g if no explicit indication is provided. In addition, COT-u initiation may also affect the practical duration of COT-g, e.g., the UE could seize the channel if in COT-g there is a gap covering the sensing slot for COT-u and consequently the COT-g terminates early. To summarize, three cases are listed as follows:
· Case A: the gNB terminates the COT-g before the beginning of FFP-u
· Case B: the gNB plans to terminate the COT-g after the beginning of FFP-u. Among transmission bursts of COT-g, there is no gap  that covers the sensing slot for COT-u.
· Case C: the gNB plans to terminate the COT-g after the beginning of FFP-u. Among transmission bursts of COT-g, there are one or more gaps  that cover the sensing slot for COT-u.

The UE can initiate the COT-u in Case A and Case C, while the UE cannot initiate the COT-u in Case B. In Case C, the COT-g is terminated when the COT-u is initiated. The termination may be earlier than what the gNB originally planned. To the UE, there is no difference between Case A and Case C. To the gNB, the UL transmission for other UEs should be rescheduled after the gNB detects the initiated COT-u.
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Figure 2 (B): An example illustrating a COT-u in a FFP-g with initiated COT-g
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Figure 2 (C): An example illustrating a COT-u in a FFP-g with initiated COT-g


As illustrated in Figure 3, a possible special scenario of Case C is that, the channel sensing for sharing the COT-g and the channel sensing for initiating the COT-u are performed at the same time, resulting in collision of UL transmissions allocated with the same frequency resource among UEs. Then, both the UL transmissions need to be retransmitted. Such collision could be avoided either by gNB scheduling implementation or by explicit specifying scheduling constraints. 
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Figure 3: An example illustrating a COT-u in a FFP-g with initiated COT-g


It has been specified that when the gNB initiates a COT-g in a FFP-g, the gNB and the UE sharing the COT-g are not allowed to transmit during the IP-g. It is natural to also assume that when the UE initiates a COT-u, the UE (and the gNB sharing the COT-u) are not allowed to transmit during the IP-u. For Option 2, an arising issue is that, when the initiated COT-u overlaps with the IP-g with the initiated COT-g, there are several potential problems including 1) the gNB cannot obtain a COT-g during next FFP-g, 2) 5% idle period without transmission cannot be guaranteed. To solve these problems, the following alternatives could be considered:
· Alt. 1: The UE shall pause the transmission during the IP-g, as shown in Figure 4.
· Alt. 2: Align IP-u and IP-g by proper RRC configurations for FFP-u and FFP-g.

Since Alt. 2 may severely limit configuration flexibility for FFP-u and/or FFP-g, we propose the follows to support Alt. 1:

Proposal 2: When the UE initiates a COT-u in a FFP-g with initiated COT-g, the UE shall pause the transmission during the IP-g.
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Figure 4: An example illustrating a COT-u in a FFP-g with initiated COT-g

2.2. Periodicity of FFP-u and periodicity of FFP-g
With respect to FFP-u configuration, it has been agreed that the starting of FFP-u may misalign with the starting of FFP-g. The consequent issue is whether to align the periodicities of FFP-u and FFP-g. In RAN1 #102-e discussions, some companies proposed that the periodicities should be the same due to small impact, but majority companies including us supported that the periodicities can be different for the configuration flexibility enabling UL latency performance improvement.

Proposal 3: Periodicity of FFP-u can be configured to be different from or the same as periodicity of FFP-g.



2.3.  UE-to-gNB COT sharing
There are two remaining FFSs in the agreement for UE-to-gNB COT sharing and the first one is:
· FFS details how gNB determines UE-initiated COT

Generally, when the gNB detects UL transmission that begins at the starting of a FFP-u, the gNB shall determine that a COT-u has been initiated. A potential controversial case is that, the UE captures the channel within a FFP-g with an initiated COT-g and the UL transmission finishes before the IP-g. Depending on considering the process is COT-g sharing or COT-u initiation, there might be two possible interpretations: 1) the COT-g only includes the DL transmission and the initiated COT-u includes the UL transmission; 2) the COT-g includes both the DL transmission and the UL transmission and no COT-u is initiated. We support the second interpretation because it aligns with the general determination rule. However, to avoid confusion, explicit specification might be necessary.

Proposal 4: When the gNB detects UL transmission that begins at the starting of a FFP-u, the gNB shall determine that a COT-u has been initiated. The UL transmission should not be considered as a part of COT-g.
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Figure 5: An example illustrating a COT-u in a FFP-g with initiated COT-g

The second FFS is:
· FFS whether/how UE to gNB COT sharing when the gap is >16us

Some companies’ view is that only the case gap <= 16us is considered for COT-u sharing with the reason that gap > 16us is not required by URLLC operation. While our opinion is that such constraint is unnecessary, and we propose the follows:

Proposal 5: When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP, regardless of whether the gap > 16us or not.


2.4.  PRACH transmission of idle UE
The following conclusion has been agreed under Rel-16 NR-U agenda of enhancements to initial access procedure at RAN1 #102-e meeting:
	Conclusion:
For semi-static channel access, an idle UE may transmit PRACH only within FFPs for which SSB, SIBs or paging transmissions are detected.



According to this conclusion in Rel-16 agenda, without further enhancement PRACH transmission opportunities seem to be not sufficient for URLLC operation. Hence, our view is that the following enhancements in Rel-17 are necessary:

Proposal 6: FFP-u parameters can be provided by SIB-1 and PRACH transmission of idle UE in FFP-u shall be supported.

3. Harmonizing UL configured grant enhancements

	[bookmark: _Hlk52970659]Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

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.




On how to harmonize Rel-16 URLLC CG and Rel-16 NR-U CG for Rel-17 URLLC unlicensed, three options can be generally summarized as the follows:

· Option 1: inherit Rel-16 URLLC CG
· Option 2: switching between Rel-16 URLLC CG and Rel-16 NR-U CG
· Option 3: combine features of Rel-16 URLLC CG and Rel-16 NR-U CG

It is still controversial which option should be adopted, even if implementation details are not addressed yet. Following the conclusion achieved in RAN1 #102-e, the discussion shall start from feature-by-feature analysis for Rel-16 URLLC CG and Rel-16 NR-U CG as shown in Table 1, where the features are numbered from F1 to F9.

	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	F1: Multiple CG configurations
	Supported 
	Supported 

	F2: 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

	F3: 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

	F4: 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

	F5: 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.

	F6: 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)

	F7: 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. 

	F8: CG Re-transmission timer
	No support
	Support and always configured

	F9: 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



Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC
Observations:
· F1 is an essential feature for the URLLC operation and is common to Rel-16 URLLC CG and NR-U CG.
· F2, F4, and F7 of NR-U CG for CG retransmission enhancements can be helpful to low latency CG retransmission. 
· F8 and F9 of NR-U CG for autonomous CG retransmission seem not essential under the controlled environment assumptions.
· F3 of Rel-16 NR-U CG has dependency on F2.
· F5 (flexible initial transmission occasion) is not needed/suitable for FBE mode.
· F6 of Rel-16 URLLC CG is more suitable compared with that of Rel-16 NR-U CG.

Based on the observations, we tend to support inheriting Rel-16 URLLC CG features (Option 1) and the feature of multiple CG configurations. Rel-15 NR-U CG features F2, F4, and F7 can be further studied for low latency CG retransmission performance. In addition, we believe that enhancements of creating multiple UL transmission opportunities in frequency domain are effective for the URLLC operation. Thus, we propose the follows:

Proposal 7: Support inheriting Rel-16 URLLC CG features and the feature of multiple CG configurations.

Proposal 8: Support configuration of multiple UL transmission opportunities in frequency domain, e.g., by configuring multiple CGs with the same configurations except for RB set.

4. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:

Proposal 1: Prefer to allow UE to initiate a COT-u in a FFP-g with initiated COT-g.

Proposal 2: When the UE initiates a COT-u in a FFP-g with initiated COT-g, the UE shall pause the transmission during the IP-g.

Proposal 3: Periodicity of FFP-u can be configured to be different from or the same as periodicity of FFP-g.

Proposal 4: When the gNB detects UL transmission that begins at the starting of a FFP-u, the gNB shall determine that a COT-u has been initiated. The UL transmission should not be considered as a part of COT-g.

Proposal 5: When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP, regardless of whether the gap > 16us or not.

Proposal 6: FFP-u parameters can be provided by SIB-1 and PRACH transmission of idle UE in FFP-u shall be supported.
Proposal 7: Support inheriting Rel-16 URLLC CG features and the feature of multiple CG configurations.

Proposal 8: Support configuration of multiple UL transmission opportunities in frequency domain, e.g., by configuring multiple CGs with the same configurations except for RB set.
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