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Introduction
In RAN#88e, the WID of “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was revised with following objectives [1]:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]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
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
In this contribution, we will focus on the second item to discuss uplink enhancements for URLLC in unlicensed controlled environments.
UE-initiated COT for FBE 
In RAN1#102e, we agreed the following:
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:
· 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.
Based on the agreements above, UE can initiate a COT for UL transmission and may share it to gNB for FBE mode in general. In this section, we will discuss some detailed designs to support this feature.    
UE-initiated COT by PRACH transmission in idle mode 
In RAN1#102e, we got the following agreements for any UL transmission to initiate a COT by a UE in RRC_CONNECTED mode and FFS the case of IDLE/INACTIVE mode. 
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
Actually, the FFS part is related to the design whether PRACH or msgA in 2-step RACH is allowed to initiate a COT for transmission. 
In NR-U, it was concluded that “for semi-static channel access, an idle UE may transmit PRACH only within FFPs for which SSB, SIBs or paging transmissions are detected”. This implies that PRACH can only be transmitted by detecting some DL signals with SI-RNTI masking. This restricts the chance that a UE can send PRACH even when configured PRACH is available, as for a FFP with PRACH configured, if the gNB does not send SSB/SIB/paging, the UE cannot take advantage of the PRACH occasion. Besides, it was also agreed that “A PRACH resource is considered invalid if it overlaps with the IDLE period of a fixed frame period (FFP) when FBE operation is indicated.” This further restrict the chance that a UE can send PRACH.
To increase the chance of PRACH transmissions, one way is to support using the PRACH transmission to initiate a COT by UE in IDLE/INACTIVE mode. In this case, an idle UE can transmit PRACH even when the UE doesn’t detect any DL signals within the FFP. As shown in Figure 2-1-1, the UE detects SSB in the first gNB FFP, so the UE can transmit PRACH in the first FFP. While the UE cannot transmit PRACH in the second gNB FFP since UE doesn’t detect SSB, SIBs or paging transmission in that FFP. However, if UE initiated COT is supported for idle UE, the UE may initiate a COT using the PRACH transmission at the beginning of UE FFP. Obviously, this provides more chances that the UE can send PRACH.
[image: ]
Figure 2-1-1: An example of UE initiated COT in IDLE/INACTIVE mode
Another way to increase the probability of PRACH transmission is to allow the PRACH transmission in the idle period of an FFP. As shown in Figure 2-1-1, some PRACH occasions in the second PRACH slot of the first PRACH period are overlapped with idle period of gNB FFP. These PRACH occasions are invalid in Rel.16. Such restriction can be removed in Rel.17 in order to increase the chance for PRACH transmission. 
[bookmark: p1]Observation 1: Either supporting UE initiated COT in IDLE/INACTIVE mode or allowing PRACH transmission in idle period can provide more chances for the UE to send PRACH.
Proposal 1: Study the following alternatives for PRACH transmission in idle mode:
· Alt.1: Supporting UE initiated COT by PRACH transmission in idle mode;
· Alt.2: Allowing PRACH transmission in idle period of an FFP.
For PRACH transmission, one thing needs to be considered is the SSB to PRACH occasion mapping. In Rel.16, the UE needs first determine the valid PRACH occasions and then map the SSB to the valid PRACH occasions based on some predefined rule. Based on Alt2 above, valid PRACH occasions may be different from Rel.16 which may lead to different SSB to PRACH occasion mapping. In order to not impact the SSB to PRACH mapping for legacy UEs, some new SSB to PRACH occasion mapping need to be considered.
For the sake of discussion, we consider the SSB to PRACH mapping enhancement for PRACH transmission in idle period in the following. Two alternatives can be considered for SSB to PRACH mapping:
· Alt.1: Divide PRACH occasions into two groups and SSB is mapped to PRACH occasion per group. 
· Alt.2: Introduce two PRACH configurations and SSB is mapped to PRACH occasions per PRACH configuration.
For Alt.1, the PRACH occasions can be divided into two groups based on whether it is overlapped with idle period or not. Then the UE performs two rounds SSB to PRACH occasion mapping.  For example, the first group includes PRACH occasions outside the idle period; the second group includes PRACH occasions overlapped with the idle period. Then the UE perform SSB to PRACH occasion mapping for the first group of PRACH occasions and the second group of PRACH occasions based on Rel.16 SSB to PRACH occasion mapping, respectively. Figure 2-1-2 shows an example for option 1.
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Figure 2-1-2 An example of  Alt.1
For Alt.2, the UE needs to be configured with two PRACH configurations, one is the same as Rel.16. Another is a new PRACH configuration which need to be designed to accurately match with the idle period. Then the UE performs SSB to PRACH occasion mapping per PRACH configuration based on Rel.16 mapping rule. 
Comparing Alt.1 and Alt. 2, Alt.1 is simple but increase of PRACH transmission occasion may be limited by the existing PRACH configuration. Alt.2 can provide more flexibility on the new PRACH transmission occasions but may have more specification impact since different FFP periodicity, different PRACH periodicity, and different PRACH preamble may need different PRACH configurations.
[bookmark: p2]Proposal 2: Study the following two alternatives for SSB to PRACH mapping:
· Alt.1 Divide PRACH occasions into two groups and SSB is mapped to PRACH occasion per group;
· Alt.2: Introduce two PRACH configurations and SSB is mapped to PRACH occasions per PRACH configuration.
For two-step RACH, the same issue may happen for MsgA transmission, since UE cannot transmit MsgA if UE doesn’t detect any DL signal in the gNB FFP. This restricts the chance that a UE can send MsgA even when configured PUSCH is available. Besides, a PUSCH resource is considered invalid if it overlaps with the IDLE period of a fixed frame period (FFP) when FBE operation is indicated. So MsgA cannot be transmitted in the idle period of an FFP which further restricts the chance that a UE can send MsgA. To increase the transmission probability of MsgA, one way is to support using MsgA to initiate a UE COT, another way is to remove the restriction that MsgA is invalid in idle period.
For MsgA transmission, one thing needs to be considered is the PRACH occasion (RO) to PUSCH occasion (PO) mapping. In Rel.16, the UE needs first determine the valid ROs and valid POs and then map the valid ROs to the valid POs based on some predefined rule. When ROs and POs in idle period are considered as valid, valid ROs and valid POs may be different from Rel.16 which may lead to different RO-to-PO mapping. In order to not impact the RO-to-PO mapping for legacy UEs, some new RO-to-PO mapping need to be considered. 
For the sake of discussion, we consider the RO-to-PO mapping enhancement for MsgA transmission in idle period in the following. Two alternatives can be considered:
· Alt.1: Divide POs into two groups and RO is mapped to PO per group;
· Alt.2: Introduce two sets of PUSCH configurations and each PUSCH configuration is associated with one PRACH configuration.
Figure 2-1-3 shows an example for Alt.1. In this example, the ROs and POs are divided into two groups, respectively. The first group include ROs/POs outside the idle period, the second group include ROs/POs overlapped with the idle period. Then the valid ROs in the first group is mapped to the valid POs in the first group and the valid ROs in the second group is mapped to the valid POs in the second group.
For Alt.2, the UE needs to be configured with two sets of PUSCH configurations. One is the same as legacy PUSCH configuration and another is new PUSCH configuration which is configured to accurately match with the idle period. Then the UE performs PO-to-RO mapping per PUSCH configuration based on Rel.16 mapping rule.
Comparing Alt.1 and Alt.2, Alt.1 is simple but increase of PUSCH occasions is limited by the existing PUSCH configuration. Alt.2 have more flexibility on PUSCH occasions but may increase the RRC overhead since different RRC parameters need to be configured for different set of PUSCH configurations.
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Figure 2-1-3 An example of Alt.1
[bookmark: p3]Proposal 3: Study the following alternatives for MsgA transmission in idle mode:
· Alt.1: Supporting UE initiated COT by MsgA transmission in idle mode;
· Alt.2: Allowing MsgA transmission in idle period of an FFP.
[bookmark: p4]Proposal 4: Study the following for RO-to-PO mapping:
· Alt.1: Divide PUSCH occasions into two groups and PRACH occasion is mapped to PUSCH occasion per group;
· Alt.2: Introduce two sets of PUSCH configurations and each PUSCH configuration is associated with one PRACH configuration.
FFP periodicity for UE-initiated COT
Regarding the FFP parameters for UE-initiated COT, in RAN1#102e, we got the following agreements for offset of the FFP and the FFP periodicity is FFS. 
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.
In fact, there are two different ways to design the period of the FFP for the UE-initiated. The first one is to limit the FFP of the UE related to the period of the FFP of the gNB. The other way is to leave full flexibility of UE side FFP configuration to gNB.  The latter can be easily implemented by RRC configuration. Therefore, in this section, we will focus on the FFP periodicity for UE-initiated COT which is more relative to gNB initiated COT other than arbitrary values configured by gNB.
First of all, the FFP parameters for UE and gNB are independently configured. The period of the FFP for UE can be directly configured from a set, independent from the choice of gNB FFP. A special case is, the set of FFP supported can be {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}, exactly the same as the supported set of gNB FFP periods defined in Rel-16. Alternatively, we can also define new set for UE FFP, different from the gNB set. In either case, the idle duration in FFP will follow the rule in Rel-16 as well. 
	[image: ]	
Figure 2-2-1 Period of the UE FFP is double of the period of the gNB FFP
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Figure 2-2-2 Period of the UE FFP is half of the period of the gNB FFP
On other hand, we can make the period of the UE FFP tight with the period of the gNB FFP. For example, we can restrict the period of the UE FFP to be equal to the period of the FFP selected for gNB. What is more, the supported period of the UE FFP can be further restricted to be from a pre-selected set. Alternatively, we can also restrict the period of the UE FFP to be integer multiple of or factor of the period of the FFP selected for gNB as illustrated in Figure 2-2-1 and Figure 2-2-2, respectively.
[bookmark: p5]Proposal 5: FFP Periodicity for UE-initiated COT can be same, or integer multiple of, inter factor of the FFP periodicity for gNB-initiated COT.

UE-initiated COT by dynamic indicator
Besides RRC configuration of UE-initiated COT, UE-initiated COT can also be indicated by dynamic indicator. For example, an indicator can be introduced in UL-grant to inform the UE to use its own FFP for the PUSCH transmission, instead of relying on the gNB DL signal/channel detection for the transmission. This indicator is always in the DCI but only applicable if the DCI is in the previous FFP while the triggered UL transmission is in the next FFP. gNB guarantees that the UL transmission is in at regular locations (periodic) from each UE perspective, so the UE initiated FFP transmission still satisfy the FBE requirement. In other words, if the gNB keeps using this feature for a UE, it will need to make sure the resource allocated for the UE to initiate FFP is periodic. 
In addition, if the scheduled UL transmission is not within the beginning part of the gNB FFP, the UE can be further configured to still monitor gNB DL signaling to tell if the UL transmission is actually in gNB COT. In other words, the gNB COT has higher priority than UE COT. For the case that the UL transmission is within the beginning part of the gNB FFP, this certainly does not apply and the UE should just follow the indicator in the DCI.
There are two examples as follows.
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Figure 2-3-1 The UL transmission time is later than the gNB FFP start points
The first example is the UL transmission time is later than the gNB FFP start points. gNB can still perform LBT and contend for the FFP if it intends to. UE can still monitor the gNB DL signal/channel as normal, but the triggered UL transmission will not condition on that detection, but instead uses its own one-shot LBT
· Case 1: gNB LBT passes, gNB will start its own FFP/COT. 
The latency is low for UL transmission triggered by the DCI in the main proposal. There is no impact on other UEs and it is following the agreements for NR-U in Rel-16. In addition, the same UE can be further scheduled in the gNB FFP as a responding device.
· Case 2: gNB LBT fails, gNB cannot start its own FFP/COT
However, the triggered UL transmission will happen, and the gNB can also share the COT from UE, at least to serve this UE.
The second example is the UL transmission time is aligned with gNB FFP start point. gNB does not do LBT right before the beginning of the next FFP and gives up the FFP as it cannot transmit the DL signal/channel to claim the FFP even if its LBT pass. Because UE is indicated to contend in the next FFP, UE can obtain the channel by LBT right before the beginning of the next FFP. There are more resource and low latency for transmission of UL data. 

[image: ]
Figure 2-3-2 The UL transmission time is aligned with gNB FFP start point
[bookmark: p6]Proposal 6: gNB can send a dynamic indicator in a DCI for UE to initiate COT by LBT, while gNB maintains the FFP structure for UE by properly picking the granted UL transmission time.
UE-initiated COT sharing 
In RAN1#102e, we got the following agreements to support UE-to-gNB sharing. 
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
In this section, we will discuss the ED threshold selection for UE to initiate the COT.
Based on the agreements in NR-U, when COT sharing ED threshold is configured, UE will always use the configured ED threshold for LBT and the COT will always be shared to gNB. There are several drawbacks, the channel access probability of the UE is reduced since configure COT sharing ED threshold is more sensitive than the non-COT sharing ED threshold value calculated by the UE transmission power. In case that gNB does not have any DL data to send after the end of UL transmission, UE does not need to share its COT with gNB. Therefore, It should be good to allow a UE to decide which ED threshold should be used. For CG-UL, it is possible for UE to select an ED threshold other than the configured one for LBT and tell gNB via UCI. In fact, this is already supported as there is an entry in the COT sharing index table in CG-UCI indicating no sharing. However, there is no solution for DG-PUSCH (Dynamic Grant) on how to allow UE to select different ED threshold when COT sharing ED threshold is configured. We have two alternatives for this as follows.
· Select ED threshold based on TX priority
The ED threshold control is associated with priority of DG-PUSCH, either hard coded, or configurable. gNB may set both high and low priority traffic to use higher ED threshold for certain UE to allow the UE to transmit UL easily if the PUSCH of the UE is more important than the DL. On the other hand, gNB may set both high and low priority traffic to use lower ED threshold for certain UE if the PUSCH of the UE is less important than the DL sharing opportunity. Another option is that high priority traffic uses higher ED threshold and low priority use lower ED threshold. In this case, high priority traffic prioritize higher chance for channel access, and lower priority traffic prioritize UL to DL COT sharing
· Select ED threshold based on CG/DG
Traffic priority aside, there is a use case that the gNB needs separate control for the ED threshold for CG and DG. For example, the gNB may want the CG to share COT, but does not require DG to share COT
[bookmark: p7]Proposal 7: Study ED thresholds selection when UE share its COT to gNB.
Besides UE to gNB COT sharing, it is also interested to allow UE to share its COT to the other UEs through gNB. For LBE mode in Rel.16 NR-U, when UE initiated a COT and share back to the gNB, gNB is not allowed to share the COT with other UEs. However, the agreement is applicable to LBE only. It is preferable to allow the COT to be shared for other UEs, but it is not likely for the two cases. The first one is that if controlled environment is assumed, WiFi should not complain. The other is that other UEs transmit data even they detect some signal/channel from the gNB. By Rel.16 NR-U FBE UE behavior, the UEs cannot tell this is gNB initiated COT (though the signal/channel detected is not at the beginning of the gNB FFP), so naturally the UEs can share. More likely, we will follow LBE case, and do not allow COT to be shared with other UEs for data transmission. For DL transmission, this can be enforced by gNB scheduler. For UL transmission, the other UEs need to be able to tell the COT is not initiated by the gNB. There are two options as follows.
· Option 1: After detecting the signal/channel, UE needs to carry information that the gNB is not the owner of the FFP, so other UEs should not transmit. We can add a bit in DCI 2_0 to differentiate the transmission is in a gNB initiated COT or in a shared COT from a UE.
· Option 2: Define the behavior that if the signal/channel detection is at the beginning of the COT (or more generally a set of time locations within the FFP), this is gNB COT, and if the signal/channel detected is not at the beginning of the COT (or more specifically at another set of time locations within the FFP), this is a shared COT.
[bookmark: p8]Proposal 8: Study the scheme that UE can share its COT to the other UEs through gNB.
Harmonizing CG-UL in NR-U and URLLC in Rel-16 
In RAN1#102e, we got the following agreements for harmonization of NR-U and URLLC in Rel-16.
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.
In this section, we will analyze the CG features for NR-U and URLLC in Rel-16 first and then introduce the harmonization of HARQ mechanism and multiple CG configuration.
Existing CG-UL in Rel-16
We listed the CG features and the corresponding information in Table 3-1-1. We discussed if the CG features is supported for URLLC and NR-U in Rel-16, bundled with Cg-timer and possible harmonization. After analysis, we think multiple CG configurations and multiple TB can be harmonized for URLLC and NR-U. We will discuss this in next section. 
Table 3-1-1 CG features for NR-U and URLLC in Rel-16
	CG features
	Rel-16 URLLC supportable  
	Rel-16 NR-U supportable
	Cg-timer
bundled
	Possible harmonization

	Multiple CG configurations
	Yes
	Yes 
	No
	Yes

	HARQ Process ID determination
	Equation with first TO
	In CG-UCI
	No
	Including HARQ-ID in CG-UCI for flexibility for transmission of different packet with both DG and CG  

	Sharing HARQ ID among multiple CG configurations
	No
	Yes
	No
	Yes

	RV determination 
	{0,0,0,0} {0,3,0,3}{0,2,3,1}with TO
	In CG-UCI
	No
	Including RV in CG-UCI for flexibility

	Flexible initial transmission occasion (TO) 
	Yes 
	Yes
	No
	Using Rel-16 NR-U solution

	Repetition scheme(s)
	Type A/B 
	Multiple TB
	No
	Supporting multiple TB

	CG-Downlink feedback information (DFI)
	No
	Yes 
	Yes
	No for FBE

	CG Re-transmission timer
	No 
	Yes
	Yes
	No for FBE

	CG automatic Re-transmission scheme
	No
	Yes
	Yes
	No for FBE



Regarding the retransmission mechanism in HARQ, it is quite different between NR-U and URLLC in Rel-16. For example, in Rel-16 NR-U, retransmission is automatic if no ACK in DFI is received within the cg-RetransmissionTimer active duration. However, in Rel-16 URLLC, the retransmission is always scheduled by dynamic grant from gNB. For simplification, when CG Re-transmission time is not configured, the retransmission in CG resource is not allowed and there is no DFI transmission in PDCCH. 
[bookmark: p9]Proposal 9: When cg-RetransmissionTimer is not configured, the retransmission in CG resource is not allowed and there is no DFI transmission in PDCCH.  
On the other hand, the CG-UCI in NR-U Rel-16 provides the sharing information for UE initiated COT and more flexibility of the HARQ parameters such HARQ process ID and RV ID. With using Rel.16 NR-U HARQ ID determination, it is possible for UE to transmit the new packet in the DG PUSCH for retransmission. At the same time, UE can also retransmit the error packet in CG-UL resource. It provides more flexibility for UE to do transmission and retransmission. Therefore, it is helpful for Rel-16 URLLC with such CG-UCI included in CG-PUSCH.
Proposal 10: When cg-RetransmissionTimer is not configured, CG-CUI can be configured including at least HARQ process ID, RV ID and COT sharing information.
In RAN1#102e, we got the following agreements about cg-RetransmissionTimer for FBE mode.
Agreements:
[bookmark: _Hlk53754788][bookmark: _Hlk53754489]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.
In fact, URLLC can also work in LBE mode in unlicensed controlled environments. In this case, we think configuration of (cg-RetransmissionTimer) should not be mandated.

Proposal 11: For LBE, configuration of (cg-RetransmissionTimer) should be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Harmonization for multiple CG configuration
[bookmark: _Hlk23927392]Based on the discussion above, we can harmonize the designs as follows.
· Type A PUSCH repetition for NR-U CG-PUSCH
We can start from the current NR-U CG-PUSCH resource definition
· Reuse SLIV for the first PUSCH in the first slot
· Reuse # of PUSCH in a slot in NR-U fashion (continuous L after the initial SLIV in the slot)
· Reuse # of slot in NR-U fashion (the continuous slot the CG-PUSCH resource will be defined in)
· The above defines the resource available for CG-PUSCH
· These are exactly the same as in Rel.16 NR-U
[bookmark: _Hlk47707566]For Type A PUSCH repetition, UE repeats the TBs in K consecutive slots where K is the # of repetitions. However, for NR-U CG, the UE repeats the TBs in repK consecutive transmission occasions. So the problem is how to determine the number of repetitions for each TB for Type A PUSCH repetition for NR-U CG. A simple way is to reinterpret the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions. If the # of repetitions is provided by activation DCI for Type-2 CG or configured by RRC for Type-1 CG, the UE repeats the TBs in # of repetitions consecutive transmission occasions; Otherwise, the UE repeats the TBs in repK consecutive transmission occasions. gNB handles the gap between transmissions by selecting proper parameters, such as SLIV. But in general, there can be gaps between repetitions or different TBs, and the UE will need to do separate LBT for the transmission of each burst.
[image: ]
Figure 3-3 Harmonization for Type A PUSCH repetition
[bookmark: p10]Proposal 12: NR-U CG-PUSCH shall support type A PUSCH repetition introduced in Rel.16 URLLC by reinterpreting the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions.
· Type B PUSCH repetition for NR-U CG-PUSCH
More complicated than Type A case, given Type B repetitions are back to back with segmentations over slot boundaries excluding other DL symbols and invalid symbols. Our design goal is to keep the back to back repetition feature and segmentation feature. 
We can reuse the parameter of number of consecutive slots which is allocated within a configured grant period and configured in Rel-16 NR-U by RRC. The first SLIV for the first CG-PUSCH is configured by RRC for Type-1 CG or indicated by activation DCI for Type-2 CG, and the the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps up to # of slots. The # of PUSCH in slot is not used (for type B). If the # of repetitions is provided by activation DCI for Type-2 CG or configured by RRC for Type-1 CG, the UE repeats the TBs in # of repetitions consecutive transmission occasions; Otherwise, the UE repeats the TBs in repK consecutive transmission occasions.
[image: ]
Figure 3-4 Harmonization for Type B PUSCH repetition
[bookmark: p11]Proposal 13: NR-U CG-PUSCH shall support type B PUSCH repetition introduced in Rel.16 URLLC with the proposal in this contribution.  
 Conclusions
In this contribution, we discuss the uplink enhancements for URLLC in unlicensed controlled environments. We have the following proposals:
Observation 1: Either supporting UE initiated COT in IDLE/INACTIVE mode or allowing PRACH transmission in idle period can provide more chances for the UE to send PRACH.
Proposal 1: Study the following alternatives for PRACH transmission in idle mode:
· Alt.1: Supporting UE initiated COT by PRACH transmission in idle mode;
· Alt.2: Allowing PRACH transmission in idle period of an FFP.
Proposal 2: Study the following two alternatives for SSB to PRACH mapping:
· Alt.1 Divide PRACH occasions into two groups and SSB is mapped to PRACH occasion per group;
· Alt.2: Introduce two PRACH configurations and SSB is mapped to PRACH occasions per PRACH configuration.
Proposal 3: Study the following alternatives for MsgA transmission in idle mode:
· Alt.1: Supporting UE initiated COT by MsgA transmission in idle mode;
· Alt.2: Allowing MsgA transmission in idle period of an FFP.
Proposal 4: Study the following for RO-to-PO mapping:
· Alt.1: Divide PUSCH occasions into two groups and PRACH occasion is mapped to PUSCH occasion per group;
· Alt.2: Introduce two sets of PUSCH configurations and each PUSCH configuration is associated with one PRACH configuration.
Proposal 5: FFP Periodicity for UE-initiated COT can be same, or integer multiple of, inter factor of the FFP periodicity for gNB-initiated COT.
Proposal 6: gNB can send a dynamic indicator in a DCI for UE to initiate COT by LBT, while gNB maintains the FFP structure for UE by properly picking the granted UL transmission time.
Proposal 7: Study ED thresholds selection when UE share its COT to gNB.
Proposal 8: Study the scheme that UE can share its COT to the other UEs through gNB.
Proposal 9: When cg-RetransmissionTimer is not configured, the retransmission in CG resource is not allowed and there is no DFI transmission in PDCCH.  
Proposal 10: When cg-RetransmissionTimer is not configured, CG-CUI can be configured including at least HARQ process ID, RV ID and COT sharing information.
Proposal 11: For LBE, configuration of (cg-RetransmissionTimer) should be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Proposal 12: NR-U CG-PUSCH shall support type A PUSCH repetition introduced in Rel.16 URLLC by reinterpreting the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions.
Proposal 13: NR-U CG-PUSCH shall support type B PUSCH repetition introduced in Rel.16 URLLC with the proposal in this contribution.  
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