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[bookmark: _Ref68286017]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 and RAN1#103e, we agreed the following:
Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell

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.


Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a later g-FFP that is different from the g-FFP that carries the scheduling DCI:
· The UE follows the indicated COT initiator as the following:
· If the UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions, the transmission occurs. Otherwise, the transmission is dropped.

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.    
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 RAN1#106e, we agreed the following:
Agreement
When a UE operates as an initiating device, and the gNB shares a UE’s FFP for DL transmission, regardless of the gap between any UL and DL bursts, no restriction is imposed on the maximum duration of each of the DL bursts such that each can continue until the UE FFP idle period starts.
Note: The applicability of the EDT calculation based on the UE’s transmit power to the UE COT initiation in accordance to the UL-DL gap duration and/or the content of the DL burst is separately discussed
In RAN1#106be, we further agreed the following:
Agreement
In semi-static channel access mode, a DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, shall include scheduled DL transmission or a DCI intended for the UE that initiated that FFP. 
· A DL transmission to any other UE in the cell than the COT initiating UE and/or a broadcast transmission can be additionally included in the DL transmission burst if the gNB fulfils the following condition:
It is gNB‘s responsibility to ensure that other UEs do not assume gNB-initiated COT based transmission for a UL transmission based on the detection of any transmission in the DL transmission burst.

In this section, we will discuss the indication of gNB sharing UE-initiated.
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 three options as follows.
· Option 1: add a bit in COT-SI 
After detecting the DL signal/channel, UE needs to obtain 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: Use different locations of DL signal/channel  
Define the behavior that if the DL 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.
· Option 3: Consideration for Rel-16 UE
The problem of option 1 and option 2 above is that the solutions does not work for Rel-16 UE because they can not understand the indications in option 1 and 2. For example, when a Rel-16 UE receives any DL signal/channel, it will share the COT no matter the COT is initiated by gNB itself or by UE. To solve this problem, we can provide separated GC-PDCCHs for Rel-16 UE and Rel-17 UE, respectively. There are several solutions for this purposes.
· Configure different CORESET scrambling IDs for Rel.16 and Rel.17 UEs, respectively
· Configure different PDCCH monitoring occasions for Rel.16 and Rel.17 UEs, respectively
· Configure different RNTI (e.g., SFI-RNTI) for Rel.16 and Rel.17 UEs, respectively
· Use different DCI length for Rel.16 and Rel.17 UEs, i.e., longer DCI size for Rel.17 UEs
Proposal 1: Study the scheme of indication of gNB sharing UE-initiated COT for DL transmission to disable UE sharing the COT.
Harmonizing CG-UL in NR-U and URLLC in Rel-16 
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



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 RAN1#106e, we further agreed the following:
Agreement
Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.

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 2: For LBE, configuration of (cg-RetransmissionTimer) should be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Harmonization for Type A PUSCH repetition for NR-U CG-PUSCH
[bookmark: _Hlk23927392]Based on the discussion above, we can harmonize the designs as follows.
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 3-2-1 Harmonization for Type A PUSCH repetition
[bookmark: p10]Proposal 3: 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.
 Conclusions
In this contribution, we discuss the uplink enhancements for URLLC in unlicensed controlled environments. We have the following proposals:
Proposal 1: Study the scheme of indication of gNB sharing UE-initiated COT for DL transmission to disable UE sharing the COT.
Proposal 2: For LBE, configuration of (cg-RetransmissionTimer) should be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Proposal 3: 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.
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