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Introduction
In RAN 1 104-e meeting, RAN1 made the following agreements for UE-initiated FBE and harmonizing CG-PUSCH in URLLC and NR-U [1]. 
	Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 

Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission

Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.

Agreement:
· In semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported.

Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance 


In this contribution, the remaining issues for UE-initiated FBE and how to harmonize UL configured-grant in NR-U and URLLC are discussed. 
Discussion
UE-initiated COT for FBE
Issue 1: UE-initiated COT for idle UE 
RAN1 agreed to support UE-initiated COT for RRC connected UE, while it is FFS whether support UE-initiated COT for RRC idle/inactive UE. Considering enabling UE-initiated COT for idle UE can facilitate RACH procedure with comparable latency as over licensed band, it is beneficial to support UE-initiated COT also for RRC idle/inactive UE. 
Proposal 1: Support UE-initiated COT for idle UE.

Issue 2: UE-initiated COT parameter configuration 
The remaining issue for UE-initiated COT parameter is whether to support additional UE FFP periodicity value to {1, 2, 2.5, 4, 5,10}, and how to determine the start of UE FFP according to the FFP offset and the radio frame X boundary. 
In Rel-16, the candidate values for gNB FFP periodicity is  = {1, 2, 2.5, 4, 5, 10}ms, and the FFP starts from the even indexed radio frame at .  In Rel-17, for UE FFP period, for better support of CG-PUSCH and high-layer configured PUCCH, additional candidate values for UE FFP periodicity according to the periodicity candidates for CG-PUSCH, SPS PDSCH, SR and periodic CSI is desirable. For example, the candidate values for UE FFP period can be any integer number of slots (CG-PUSCH periodicity supported by Rel-16 URLLC) with the duration between 1ms to 10ms. For the reference radio frame X, the reference for gNB FFP in Rel-16 NR-U is X = even indexed radio frame because of the fact that the 20ms is the integer multiple of FFP periodicity. However, with the new periodicity for UE FFP which is not the integer factor of 20ms, e.g. 3ms, 6ms or 8ms, using even indexed radio frame as the reference leads to ambiguity, if UE and gNB has different understanding for which even indexed radio frame is used as the reference. For example, assuming offset =4ms, FFP=8ms, if a UE assumes SFN=0 as the reference, then, the start of a FFP is 4,12,20,28,36, but if a UE assumes SFN=2 as the reference, the start of a FFP is 24, 32,40. The simple way to avoid the ambiguity is using the nearest SFN 0 as reference. 
For a UE in RRC connected state, gNB can configure UE-specific COT information by dedicated RRC signaling. When a UE is in RRC idle state, gNB can configure cell-specific UE COT information by SIB1, or UE can derive the UE COT configuration according the PRACH configuration. 
Proposal 2: For UE-initiated COT parameter configuration, 
· UE FFP periodicity can be any integer number of slots with the duration at least 1ms and at most 10ms.
· UE FFP start position is determined by UE-specific offset with reference to SFN 0. 
· For RRC connected mode, FFP parameters for UE-initiated COT is configured by UE-dedicated RRC signaling. For RRC idle mode, UE FFP can be indicated by SIB1 or derived by PRACH configuration. 

Issue 3: COT-initiator determination

In last meeting, RAN1 discussed how to determine a COT initiator for a UL transmission but failed to achieve consensus. 
For a scheduled UL transmission that is aligned with a UE FFP boundary, one way (Alt-a) is to let gNB to control whether the UE can initiate the COT by scheduling DCI, the other way (Alt-b) is to reuse the rules applied for configured UL transmission to determine whether to initiate the COT. 
Comparing with Alt-b, Alt-a provides full flexibility for gNB to control UE’s transmission/LBT without additional cost (e.g. no additional DCI overhead, or scheduling restriction), and it simplifies UE behavior by just let UE follow gNB’s indication without additional check (e.g. no need to check whether the UL transmission is in a gNB or UE’s COT). Rel-16 NR-U already supports LBT type and CP extension indication by DCI (both fallback and non-fallback DCI has ChannelAccess-CPext-CAPC bit field according to Table 7.3.1.1.1-4A in TS 38.212) for FBE case. Apparently, the same mechanism will be reused for Rel-17 FBE case to indicate LBT type and CP extension no matter which mechanism is adopted for COT initiator determination. Alt-a can simply reuse the LBT/CP extension table with minor modification to indicate whether to initiate UE COT by associating the LBT type and UE COT initiation. For example, gNB allows the UE to initiate a COT by the indication of a 9us LBT right before the UL transmission, otherwise gNB disables the UE to initiate a COT, e.g. by indicating Type 2C (no LBT) channel access. 
For the scheduled UL transmission after UE FFP boundary or not in the same COT as the scheduling DCI, it is gNB’s responsibility to ensure the UE behavior per gNB’s indication does not violate the regulation, thus no special handling is needed.  
Proposal 3: For a scheduled UL transmission, the UE determines whether the UL transmission should be transmitted according to shared gNB COT or UE-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI (Alt-a). 
For configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, one way (Alt-a) is the UE can initiate the COT only if the UE has identified that gNB is not initiated the COT, the other way (Alt-b) is to always allow the UE to initiate the COT. 
Comparing with Alt-b, Alt-a complicates UE behavior and increases UE power consumption. By Alt-a, a UE has to always check whether gNB has initiated the COT, and unfortunately, the check procedure for CG PUSCH at UE FFP boundary and CG PUSCH after a UE FFP boundary is different (wherein the UE first prioritizes to check if gNB initiated a COT for the first case, while the UE first prioritizes to check if UE initiated a COT for the second case). Besides, Alt-a may lead to unexpected UE behavior, if the UE fails to correctly detect whether the gNB has initiated the COT. Moreover, when a UE’s FFP is overlapped with 2 gNB’s FFPs, Alt-a excludes the possibility that the gNB can skip DL transmission at the start of its 2nd FFP but may need to transmit DL later in 2nd FFP within UE’s FFP, which is beneficial for gNB power saving and avoid unnecessary DL transmission at the beginning of 2nd FFP.  On the contrary, Alt-b is a simple and robust solution that a UE can use a CG PUSCH at UE FFP boundary to initiate a COT regardless of gNB’s COT. The only cost is a 9us LBT. Comparing with gNB COT check by Al-a, which is typically based on DCI detection, 9us LBT based on energy detection is much simpler. 
Proposal 4: When a configured UL transmission aligns with a UE FFP boundary and ends before the idle period of that UE FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b). 
For configured UL transmission starting after a UE FFP boundary, if the UE has not initiated UE FFP, whether and how a UE performs the UL transmission depends on whether gNB has initiated a COT. It seems similar as UL transmission in Rel-16 FBE case, but Rel-16 mechanism for gNB COT identification cannot work properly here. In Rel-16, it is simple for UE to determine the presence of gNB’s COT by detecting any DL transmission within a gNB’s FFP (not necessarily at the beginning of gNB’s FFP), because the only role of gNB is an initiator. However, in Rel-17, gNB can be an initiator or responder, simple DL transmission detection cannot differentiate whether the DL transmission is sent in gNB’s COT (gNB as the initiator) or in another UE’s COT (gNB as a responder).  
The straightforward way is an explicit indication of gNB initiated COT, e.g. indication in DCI 2_0. If a gNB does not configure the explicit indication, an implicit indication mechanism is needed, e.g. the UE assumes the gNB has initiated a COT if the UE detects pre-defined DL transmission at the beginning of gNB FFP. The design should strive to achieve similar detection performance and scheduling flexibility as Rel-16 NR-U. 
Proposal 5: To determine gNB-to-UE COT sharing, the following mechanism can be consider: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 

Harmonizing CG PUSCH in NR-U and URLLC
HARQ enhancement
RAN1 discussed the following options for the harmonization of CG PUSCH in NR-U and URLLC in several meetings with limited progress. 
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
To facilitate the comparison between different options,  the chairman and FL encouraged companies to provide more detailed explanation for how each options works and its benefits/use cases. The table below (based on the table provided by vivo in last meeting with some modification) provides candidate combinations for each option which is also aligned with RAN2 agreement (RAN2 agreed Rel-16 NR-U mechanism is used if cg-RetransmissionTime is configured, while leave the case when cg-RetransmissionTime is not configured to RAN1 discussion). The analysis for each option/combination in the table is provided with the explanation of our understanding for each procedure. 
Table 1 Feature combinations for each option
(Note: 0 means the feature is disabled/not configured, 1 means enabled/configured)
	
	CG-UCI
	CG-DFI
	cg-RetransmissionTimer-r16

	option 1: combination#1 (Rel-16 URLLC): 
	0
	0
	0

	Opt-2b: combination#2
	0
	1
	0

	Opt-2a & Opt-2b & Opt-3: combination#3
	1
	0
	0

	Opt-2b: combination#4
	1
	1
	0

	option 1: combination#5 (Rel-16 NR-U): 
	1
	1
	1



(1) CG-UCI procedure: 
UE implementation selects an HARQ Process ID, and informs gNB by CG-UCI in CG-PUSCH. It decouples the HARQ ID determination from the time-domain resources so that the UE can transmit in any CG PUSCH transmission occasion.  
· UE selects an HARQ ID for initial transmission, if autonomous retransmission (CG-DFI or cg-RetransmissionTimer) is not configured -> combination#3
· UE selects an HARQ ID for initial transmission or retransmission, if autonomous retransmission (CG-DFI or cg-RetransmissionTimer)  is configured  -> combination#4 / #5
                 
(2) CG-DFI procedure:
UE monitors CG-DFI, and performs early termination or retransmission accordingly. 
(a) If UE detects CG-DFI, and ACK is indicated for a HARQ process,  -> combination#2 / #4 /#5
· UE assumes ACK 
· Early termination in case of repetition 
(b) If UE detects CG-DFI, and NACK is indicated for a HARQ process, 
· UE assumes NACK -> combination#2 / #4 /#5
· Autonomous retransmission based on NACK 
· If CG-UCI is configured, retransmit in any next CG-PUSCH transmission occasion -> combination#4 /#5
· If CG-UCI is not configured, retransmit in next CG-PUSCH transmission occasion associated with corresponding HARQ ID -> combination#2
· If cg-nrofSlots and cg-nrofPUSCH-InSlot is configured, there’re multiple PUSCH transmission occasions within a period for same HARQ ID. 
(c) If UE does not detect CG-DFI (and not detect UL grant),
· If cg-RetransmissionTimer is not configured, then, ACK is assumed when configuredGrantTimer expires -> combination#2 / #4
· If cg-RetransmissionTimer is configured, then, NACK is assumed when cg-RetransmissionTimer expires, UE can retransmit accordingly  -> combination#5

(3) cg-RetransmissionTimer procedure:  -> combination#5
If UE does not receive any ACK/NACK indication from gNB when cg-RetransmissionTimer expires, UE assumes NACK, and performs retransmission accordingly. 
It can be seen that cg-RetransmissionTimer procedure only specifies UE retransmission behavior when no ACK/NACK is received, while CG-DFI focus on both UE (re)transmission behavior when ACK/NACK is received and UE retransmission behavior when ACK/NACK is not received. Therefore, from the procedure perspective, CG-DFI can work independently from cg-RetransmissionTimer. And from target scenario perspective, CG-DFI and cg-RetransmissionTimer is also different. cg-RetransmissionTimer is useful for consistent LBT failures. CG-DFI procedure enables early termination that improves UL resource efficiency, and it allows autonomous transmissions without one-to-one UL grant saving PDCCH overhead. Apparently, such benefit exists in both consistent LBT failure scenario and well-controlled environment. Therefore, options using single parameter for cg-RetransmissionTimer and CG-DFI is undesirable, i.e. option 1, option 2-a and option 3. 
For option 2-b,  new combinations #2, #3, #4 in addition to existing combination #1 and #5  is beneficial for diverse set of URLLC use cases and deployment.
· CG-UCI alone (combination#3) enables flexible transmission occasion for initial transmission, which reduces latency if the traffic arrival is not well-matched with CG PUSCH transmission configuration. It is noted that, though multiple CG PUSCH configuration can reduce latency when the traffic arrival is not well-matched with one CG PUSCH configuration, configuring and maintaining multiple CG PUSCH configuration adds additional complexity and signaling overhead. And, multiple HARQ processes are reserved (because of different HARQ process for different CG PUSCH configuration) while the UE may only use one HARQ process, which reduces the whole scheduling efficiency. 
· CG-DFI alone (combination#2) enables early termination, which improves UL resource efficiency, and also allows autonomous transmissions without one-to-one UL grant, which saves PDCCH overhead.
· If both CG-UCI and CG-DFI is configured (combination#4), flexible transmission occasion for both initial transmission and retransmission is supported, which reduces latency, and UL resource efficiency as well as DL resource efficiency is improved. 
Based on the analysis above, option 2-b should be supported. 
Proposal 6: Support option 2-b for IIOT over unlicensed band: 
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.


Repetition enhancement
In Rel-16, there are 3 PUSCH repetition schemes, including URLLC Type A repetition, URLLC Type B repetition and NR-U repetition. URLLC Type-A repetition supports slot-level repetition with dynamic and semi-static configuration of repetition factor.  URLLC introduced type-B repetition supports non-slot-level repetition in consecutive symbols (except invalid symbols) in time domain wherein a nominal repetition can cross slots and it can split into multiple actual repetitions around invalid symbols. NR-U repetition (captured as type-A repetition in the standard) supports repetition in any consecutive transmission occasions within cg-nrofSlots-r16 slots, wherein the transmission occasions can be consecutive or inconsecutive in time domain depending on CG PUSCH resource configuration, e.g. cg-nrofPUSCH-InSlot-r16. NR-U repetition supports slot-level repetition by configuring cg-nrofPUSCH-InSlot-r16=1. NR-U repetition also supports non-slot-level repetition by configuration cg-nrofPUSCH-InSlot-r16>1, but a single transmission occasion cannot cross the slot and the repetition (nominal) is dropped if it collides with invalid symbols. 
In last meeting, RAN1 agreed to support URLLC Type B repetition for unlicensed band operation. The FFS point is whether/how to enhance Type B repetition to work properly over unlicensed band, e.g. with the consideration of LBT impact, or FBE frame structure.  For URLLC type-B repetition, in case the UE splits one nominal repetition into two actual repetition around the invalid symbol, the UE has to perform LBT before each actual repetition. However, URLLC type-B repetition design does not provide sufficient gap between the invalid symbol and next actual repetition for LBT for some cases. For example, the actual repetition starts right after the end of SS/PBCH or Type-0 PDCCH CSS symbols (maybe in semi-static flexible symbols) as shown in Figure 1a. Then, LBT before 2nd actual repetition is blocked by Type-0 CSS, thus 2nd actual repetition is dropped. If there is additional gap after Type-0 CSS, as shown in Figure 1b, UE can transmit 2nd actual repetition after the successful LBT. 


Figure 1a                                                                                 Figure 1b
In case of FBE, a UE is not allowed to transmit during its idle period if the UE has initiated the COT. For type-B repetition, splitting a nominal PUSCH around the idle period can be considered, e.g. a nominal PUSCH is split into two actual repetition around the symbol containing the idle period, and the UE can performs 9us LBT before 2nd actual repetition starting at next UE FFP. 


Figure 2
Moreover, due to consecutive transmission of Type-B repetition, when one UE occupies the channel (e.g. UE1 in Figure 3a), the other UE (e.g. UE2 in Figure 3a) in the same LBT sub-band can not access the channel because LBT is blocked. Consequently, UE multiplexing by FDM is not supported if the start of actual transmission from different UEs is not aligned, e.g. due to different traffic arrival time for UE1 and UE2 even though gNB configures the same start symbol of CG PUSCH resources for these UEs. Such restriction not only degrades the resource efficiency but also causes large latency. It may not a critical issue in NR-U wherein typical traffic is eMBB, but it is undesirable for URLLC. Therefore, it is beneficial to study how to enable UE multiplexing when different UEs may start transmission in different symbols, e.g. a gap is needed as shown in Figure 3b. 


Figure 3a                                                                                   Figure 3b
Proposal 7: For Type-B PUSCH repetition over unlicensed band, the following enhancement can be considered:
· Support additional gaps to avoid LBT blocking from DL signals/channels or LBT blocking between UEs. 
· Support segmentation around idle period.  
Another open issue is, whether support the combination of URLLC type-A/type-B repetition with NR-U multi-slot allocation. 
In case of slot-level repetition, URLLC Type-A repetition can be achieved by configuring cg-nrofSlots-r16 =1 and cg-nrofPUSCH-InSlot-r16=1 for NR-U repetition. If cg-nrofSlots-r16 >1, NR-U repetition provides more transmission opportunities which is helpful to reduce the latency and ensure reliability with less probability to drop some of the repetitions when the UL traffic arrives later than 1st transmission occasion. Therefore, there is no need to consider the combination of URLLC Type-A repletion and multi-slot allocation for NR-U. 
In case of non-slot-level repetition, NR-U repetition may reduce the latency and ensure reliability if there is no invalid symbols, but URLLC type-B repetition may outperform in case of invalid symbol presence because type-B repetition does not drop the whole nominal repetition so that the total effective code rate within a given duration may be lower than NR-U repetition even if some of the nominal repetitions are dropped due to late arrival of UL traffic. To take advantage of type-B repetition and multiple transmission opportunity of NR-U repetition, the combination of multiple slots and type-B repetition within the multiple slots can be studied. For example, a set of back-to-back nominal transmission occasions are determined by SLIV and cg-nrofSlots-r16, and UE can repeat the TB in the K earliest consecutive nominal transmission occasions. 
Proposal 8: For PUSCH repetition over unlicensed band, combination of URLLC type-B repetition with NR-U multi-slot allocation can be supported. 
Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Proposal 1: Support UE-initiated COT for idle UE.
Proposal 2: For UE-initiated COT parameter configuration, 
· UE FFP periodicity can be any integer number of slots with the duration at least 1ms and at most 10ms.
· UE FFP start position is determined by UE-specific offset with reference to SFN 0. 
· For RRC connected mode, FFP parameters for UE-initiated COT is configured by UE-dedicated RRC signaling. For RRC idle mode, UE FFP can be indicated by SIB1 or derived by PRACH configuration. 
Proposal 3: For a scheduled UL transmission, the UE determines whether the UL transmission should be transmitted according to shared gNB COT or UE-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI (Alt-a). 
Proposal 4: When a configured UL transmission aligns with a UE FFP boundary and ends before the idle period of that UE FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b). 
Proposal 5: To determine gNB-to-UE COT sharing, the following mechanism can be consider: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 
Proposal 6: Support option 2-b for IIOT over unlicensed band: 
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
Proposal 7: For Type-B PUSCH repetition over unlicensed band, the following enhancement can be considered:
· Support additional gaps to avoid LBT blocking from DL signals/channels or LBT blocking between UEs. 
· Support segmentation around idle period.  
Proposal 8: For PUSCH repetition over unlicensed band, combination of URLLC type-B repetition with NR-U multi-slot allocation can be supported. 
Reference 
[1] RAN1 chairman’s notes for RAN1 104-e meeting.  
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