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1. Introduction
In RAN1#104bis-e and RAN1#105-e, following agreements were made for unlicensed band URLLC, in terms of UE-initiated COT based FBE operation and URLLC/NR-U CG harmonization [1][2]. 

	Agreements:
· Support explicit RRC configuration for the UE-FFP parameters including period and offset in RRC connected mode.
Agreements:
· For semi-static channel access mode, the offset value for configuration of a UE-FFP for a serving cell has a symbol level granularity.
Agreement:
· For semi-static channel access mode, in addition to the agreed set of period values for configuration of a UE-FFP for a serving cell:
· Do not support any additional period value
Agreement:
· For semi-static channel access mode, the starting point of first UE FFP for a serving cell
· is relative to the boundary of the radio frame of even index number (i.e. X=even indexed number in RAN1#104-e agreement).
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation. FFS whether/how to enhance
Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether PUSCH segmentation should take into account the idle period of an FFP. 
· FFS on details
 Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details
Conclusion:
· In semi-static channel access mode, a UE as an initiating device, is allowed to transmit during the idle period of any FFP associated with the serving gNB if the UE transmission is based on UE initiated COT 
· Note: the gNB may disallow UL transmission during symbols of the idle period by configuring them either as semi-static DL symbols, or indicating them as DL with SFI. 
Agreement:
· Option 2-b and option 3 are not considered further for the agreement in RAN1#103-e regarding CG harmonization

Agreement:
· Option 1 is taken in the following agreement:
Agreement:
Down-select one of the following options (target RAN1#104-e):
· 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.
· If cg-RetransmissionTimer-r16 is configured, “CG-UCI based procedures” should also be enabled by X.
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions
· Alt-a is taken in the following agreement:
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.
· Alt-a is taken in the following agreement:
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



In this contribution, based on the above agreements, we discuss and provide our views on UL enhancements for URLLC support in unlicensed band environments. 

2. Support of UE-initiated COT for FBE based URLLC
Regarding UE-initiated COT for the purpose of supporting URLLC in controlled U-band environments operating based on FBE structure, basically, it is desirable that the UE-initiated COT is able to be controlled in gNB side, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission (such as SSB transmission, system information, paging, and RACH messages), which would induce significant/critical impacts to the system/network, by allowing the UE-initiated COT based on the contention even with the gNB. With this consideration, we discuss on potential gNB-controlled UE-initiated COT mechanisms to support URLLC in FBE operation based U-band environments.

· Indication to allow UE-initiated COT for the next FFP
One possibility to support gNB-controlled UE-initiated COT could be to indicate dynamically (in the current FFP) whether to allow making UE-initiated COT for the next FFP, based on the transmission of UE (group)-common DCI like SFI signalling. 
In this case, if gNB indicates that UE-initiated COT for the next FFP is allowed for UEs, the UEs could try to do LBT and make the UE-initiated COT (then start the FFP with UL transmission) if the LBT is successful. For the above, the UE (group)-common DCI used for the indication of UE-initiated COT could either explicitly indicate whether or not to allow UE-initiated COT for the next FFP, or implicitly indicate by allocating UL resource at the beginning of FFP or by not cancelling pre-configured UL resource at the beginning of FFP. With this, the gNB could control potential congestion/collision among multiple UEs in the next FFP, by indicating allowance of UE-initiated COT differently per UE group. 
For the above DCI signalling to indicate allowance of UE-initiated COT, basically, the structure of the common DCI signalling designed in Rel-16 NR-U can be reused with some modification or reinterpretation. For example, based on the combination of COT duration and SFI length indicated via the DCI (and the boundary of FFP), usage of the next FFP in terms of the initiated COT type (e.g. either FFP-g or FFP-u planned in the gNB) could be determined by the UE. 

Proposal #1: Consider to support dynamic indication of whether to allow UE-initiated COT for the next FFP based on the transmission of UE (group)-common DCI, at least for the control of potential congestion among multiple UEs in a same FFP.
· Structure of the common DCI signaling (with indication of COT duration and SFI information) designed in Rel-16 NR-U can be reused. 

· Configuration of UE FFP period and starting offset
In previous RAN1 meetings, it had been agreed that the range of FFP-u starting offset values configurable to UE is from 0 to FFP-u period configured for the UE, and the value of the FFP-u starting offset is configured in symbol level. Considering that the value of FFP-u period is configured with absolute time, for example, as X msec, candidate values of the FFP-u starting offset (in symbol level) might need to be scaled according to SCS value. 
Regarding the FFP period (as the interval of adjacent FFP starting) and the FFP duration (as the time duration for maintaining the COT), currently for gNB’s FFP-g, those are the same. In case of FBE operation based on both gNB’s FFP-g and UE’s FFP-u, on the other hand, it could be beneficial to configure period and duration differently for FFP-u (e.g. period > duration) to provide the FFP dedicated to gNB without overlapping with FFP-u for guaranteeing reliable gNB transmission/controllability. 

Proposal #2: Consider the following aspects for the configuration of UE FFP-u parameters.
· The candidate values of the FFP-u starting offset is scaled according to SCS value.
· The period and duration of FFP-u could be different for gNB controllability.

· Issues on COT initiator determination for UL transmission
It was agreed that the determination on whether a scheduled UL transmission is based on UE-initiated COT or sharing gNB-initiated COT is based on the content (indicated) in the scheduling DCI, and following two points are still remained as FFS: 1) whether the field(s) corresponding to the above content (e.g., COT initiator for the scheduled UL transmission) can be absent in the DCI, and 2) whether/how to handle the case when the gNB schedules an UL transmission in a later FFP-g period that is different from the FFP-g carrying the scheduling DCI (i.e., cross-FFP scheduling).

Regarding the above way, firstly, in case of the scheduled UL not aligned with FFP-u boundary, there would be some problem when gNB indicates UE as the COT initiator for the scheduled UL since the gNB may not be able to correctly know whether the UE has already initiated COT for the FFP-u period. Hence, in order to avoid inconsistent UE behaviour from the DCI indication, it is reasonable for the UE to drop the scheduled UL transmission if the UE didn’t initiate COT for the FFP-u period in the above case.

Proposal #3: Consider to allow the following UE behaviour for the scheduled UL not aligned with FFP-u boundary.
· The UE would drop the scheduled UL transmission in case when gNB indicates the UE as the COT initiator for the UL, but the UE didn’t initiate COT for the FFP-u period.

Secondly, in case of the above cross-FFP scheduling, DCI indication of the COT initiator for a scheduled UL could not be guaranteed (thus almost useless), except for the case where the scheduled UL is aligned with FFP-u boundary when gNB indicates UE as the COT indicator for the scheduled UL in case where the gNB doesn’t have any plan to initiate COT in the next FFP-g later than the FFP-g carrying the scheduling DCI. Therefore, it is reasonable that the rule agreed to determine COT initiator for the configured UL is applied for the scheduled UL by cross-FFP scheduling, except for the scheduled UL aligned with FFP-u boundary when the COT indicator for the scheduled UL in DCI is indicated as UE.

Proposal #4: Consider to support the following UE behaviour for the scheduled UL based on cross-FFP scheduling.
· The rule to determine COT initiator for the configured UL is applied for the scheduled UL, except for the case where the scheduled UL is aligned with FFP-u boundary and the COT initiator for the UL in DCI is indicated as the UE.

Thirdly, regarding the inclusion of COT initiator indication in DCI formats (e.g., DCI 0_0/1_0, 0_1/1_1, and/or 0_2/1_2), there is no reason/benefit to exclude the COT initiator indication from a DCI as long as the LBT indication field already exists in the same DCI. Besides, once the DCI indication of COT initiator for the scheduled UL is introduced, it is desirable for the UE to apply a same behaviour for all the scheduled UL transmission scheduled by any DCI format.

Proposal #5: Consider the following for the inclusion of COT initiator indication in DCI formats for consistent UE behaviour with any DCI format.
· The COT initiator indication is always present (cannot be absent) in all the DCI formats 0_0/1_0 and 0_1/1_1 (and/or 0_2/1_2).

Lastly, regarding the issue on LBT indication field in DCI format 0_2/1_2 for FBE and LBE cases shortly discussed in previous meeting, it is desirable to keep the size of this LBT indication field same as Rel-16 (i.e., same size as Rel-16 (always 2-bit) for FBE, and same configurable size as Rel-16 for LBE) even in the DCI 0_2/1_2 designed as compact DCI format, to avoid potential restriction in gNB scheduling as well as inconsistent UE behaviour according to DCI formats. By the way, for LBE case, it may need to discuss how to determine the entries indicated by the LBT indication field in DCI 0_2/1_2 (e.g., by configuring separately from other DCI formats or by extracting from those configured for other DCI formats).

Proposal #6: Consider the following for the LBT indication field in DCI formats 0_2/1_2 (if introduced) to avoid gNB scheduling restriction and inconsistent UE behaviour.
· The size of LBT indication field is kept same as Rel-16 (i.e., same size as Rel-16 (always 2-bit) for FBE, and same configurable size as Rel-16 for LBE).

· Consideration of default FFP-g without UE-initiated COT
Considering the case where some essential DL transmission occasions such as SSB or CORESET#0 are at the beginning of FFP or included within FFP duration, the FFP may need to be assumed by UE as a default FFP-g based on gNB-initiated COT. With the assumption, the UE is not allowed to initiate COT for the FFP, and thus the UE would not try to initiate COT for the FFP. By defining the default FFP-g, potential UL-to-DL interference due to COT initiation by UE could be avoided.
Similarly for the case where essential UL transmission occasion such as RACH occasion is configured at the beginning of FFP, the FFP may need to be considered (or reserved) by gNB as a default FFP-u based on UE-initiated COT.

Proposal #7: Consider to define the FFP including or starting with essential DL/UL transmission occasions (such as SSB or CORESET#0) as default FFP-g.

· Consideration on FFP alignment for multiple RB sets
Considering the case where multiple RB sets (requiring individual LBT) are within a carrier or BWP under the above unaligned FFP timing structure between gNB and UE, it may be required for UE to assume a same type of FFP (i.e., FFP-g or FFP-u) for the multiple RB sets to avoid potential UL-to-DL interference, even if the result of LBT for the multiple RB sets is different. 
For example, in case when the LBT is successful for RB set #1 while the LBT is failed (and DL signal is detected) for RB set #2, it would be reasonable for the UE not to try initiate COT for RB set #1 by assuming the RB set #1 as FFP-g based on gNB-initiated COT, in order for avoiding UL-to-DL interference to RB set #2 operating as FFP-g. 

Proposal #8: Consider to align the assumption of FFP type for multiple RB sets in a carrier/BWP under the unaligned FFP structure between UE and gNB.

· Consideration on COT transmission and COT sharing
In previous meeting, it was discussed as a possible operation that UE can be configured (by RRC) to limit its COT duration within a FFP-u period. Considering the situation where a number of UEs (as well as gNB) operate with various/different FFP-u (and FFP-g) period and starting offset, it could be beneficial to well manage/control the multiplexing of the UEs (and the gNB). 

Proposal #9: Consider to configure (limit) the maximum COT duration allowed by the UE within a FFP-u period for gNB control of UE multiplexing.

Furthermore, it was also discussed how to decide allowance of the DL transmission in FFP-u period based on sharing of UE-initiated COT, between following two options: Opt 1) the DL can be transmitted to any other UE in the cell than the COT-initiating UE, and Opt 2) the DL can be transmitted to any other UE in the cell than the COT-initiating UE if the DL transmission at least includes data or control intended for the COT-initiating UE. Considering potential coexistence situation, Opt 2 is preferred with additional constraint that the “any other UE” in above should not include the UE having a configured UL allocated after the DL reception since it would cause UE-to-gNB-to-UE COT sharing.

Proposal #10: Consider the following condition in terms of allowing the DL transmission in FFP-u period based on sharing of UE-initiated COT.
· The DL can be transmitted to any other UE in the cell than the COT-initiating UE, except for the UE having a configured UL after the DL reception, if the DL transmission at least includes data or control intended for the COT-initiating UE.

3. Harmonization of CG features in Rel-16 NR-U and URLLC
It was agreed for the harmonization of Rel-16 CG features that both CG-UCI based procedures and CG-DFI based procedures are enabled or disabled for the unlicensed band using a single RRC parameter i.e., cg-RetransmissionTimer-r16. Consequently, the UE could be configured with a CG based on either Rel-16 NR-U CG type or Rel-16 URLLC CG type, and it is straightforward to configure a same CG type per cell (in other words, there is no essential reason (or no use case) to configure different CG type for a same cell). 
With the above, in case when the UE is configured with multiple cells (i.e., CA), the CG PUSCHs configured in different cells could be based on different CG type (e.g., either NR-U or URLLC). In this case, it may need to discuss how to select a CG PUSCH (among multiple CG PUSCHs with different CG type) for the multiplexing of UCI (e.g. HARQ-ACK) with consideration of potential UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.

Proposal #11: Consider the following aspects for the configuration of CG PUSCH.
· A same CG type (e.g., Rel-16 NR-U CG type or Rel-16 URLLC CG type) is configured per cell.
· How to select a CG PUSCH for the multiplexing of UCI (e.g. HARQ-ACK) needs to be further studied by considering multiple cells configured with different CG type and the UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.

Moreover, we also consider to design harmonized resource allocation scheme with taking existing RRC parameter and principle. In Rel-16, configured grant for NR URLLC and NR-U has been developed in different ways. Configured grant in NR-U has differences from configured grant in URLLC in following two aspects: (1) resource allocation method and (2) How to determine HARQ process ID.

· Resource allocation method for CG PUSCH
In Rel-16 NR URLLC discussion, PUSCH repetition type B has been introduced for support flexible resource allocation. As a result, NR URLLC has two parameters meaning the number of repetitions and repetition type. In NR-U, configured grant configuration also has the number of repetitions parameter for determine how many transmission occasions are used for a TB and separately has two parameters for resource allocation. Up to gNB configuration, configured grant configurations in NR URLLC and NR-U can make equivalent resource allocation 
As mentioned above, the easiest way to support both resource allocation is to make a new parameter to select either resource allocation method. However, it is hard to say that it is harmonization. To make unified method, it can be considered to adopt repetition type B to NR-U CG resource allocation. If there is no segmentation of PUSCH, NR-U CG resource allocation is more generalized method to allocate resource. 

Proposal #12: Consider to adopt PUSCH repetition type B for NR-U CG resource allocation. 

If PUSCH repetition type B is adopted, to make NR-U CG RA and repetition type B work together, it could be necessary to combine existing RRC parameter to remove ambiguities and duplicated information.
Considering definitions of periodicity and repK of NR CG and definitions of cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16 of NR-U CG configuration, following three RRC parameter can be introduced in order to support harmonized CG operation:

· A RRC parameter for the number of consecutive PUSCH occasions (tentatively, cg-nrofconsecutivePUSCH)
· This parameter determines the number of PUSCH repeated in back-to-back manner. This parameter follows the principle of repK with PUSCH repetition type B and cg-nrofPUSCH-InSlot-r16
· A RRC parameter for the number of repetition of consecutive PUSCH occasions in slot-level (tentatively, cg-nrofSlotRepetitons)
· This parameter determines the number of a group of slot where consecutive PUSCH occasion is. This parameter follow the principle of cg-nrofSlots-r16 with extension to multiple slots. 
· A RRC parameter for the number of PUSCH occasion used for a TB (tentatively, cg-nrofPUSCH-perTB)
· This parameter determine how many PUSCH occasion is used for single transport block. This parameter follow the principle 

By adopting above three parameters instead of existing parameters, it can be facilitated to truly support all of PUSCH repetition type A/B and NR-U CG RA simultaneously. 
For an example, UE can be configured with {cg-nrofconsecutivePUSCH = 1, cg-nrofSlotRepetitons = cg-nrofPUSCH-perTB = 4} in order to achieve Rel-15 CG resource allocation with K=4, as shown in Figure 2. 
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Figure 2. An example of Rel-15 PUSCH allocation

For another example, UE can be configured with {cg-nrofconsecutivePUSCH = 4, cg-nrofSlotRepetitons = 1, cg-nrofPUSCH-perTB = 4} in order to achieve Rel-16 PUSCH repetition type B with K=4, as shown in Figure 3.
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Figure 3. An example of Rel-16 PUSCH repetition type B

For another example, UE can be configured with {cg-nrofconsecutivePUSCH = 2, cg-nrofSlotRepetitons = 2, cg-nrofPUSCH-perTB = 2} in order to achieve NR-U CG operation with CG-UCI with cg-nrofPUSCH-InSlot-r16 = 2, cg-nrofSlots-r16 =2 and repK=2, as shown in Figure 4.
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Figure 4. An example of NR-U CG operation

For another example, UE can be configured with {cg-nrofconsecutivePUSCH = 4, cg-nrofSlotRepetitons = 2, cg-nrofPUSCH-perTB = 2} in order to achieve a kind of harmonized operation between PUSCH repetition type B and NR-U CG operation as shown in Figure 5. 
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Figure 5. An example of harmonized CG resource allocation

As exemplify above, it is possible to support resource allocation and repetition scheme of both NR-U and NR URLLC CG by adopting three RRC parameters. Furthermore, adjusting values of parameters, it is also possible to facilitate harmonized operation naturally. Given point of view, we would like to propose the following.

Proposal #13: Consider to introduce following three resource allocation parameters replacing existing parameters to support harmonized CG operation. 
· A RRC parameter for the number of consecutive PUSCH occasions 
· A RRC parameter for the number of repetition of consecutive PUSCH occasions in slot-level 
· A RRC parameter for the number of PUSCH occasion used for a TB 

· Consideration on idle period of FFP and orphan symbol
It was agreed to support PUSCH repetition type B for the unlicensed band URLLC at least when Rel-16 URLLC CG is used, and also agreed to further study on the PUSCH segmentation considering the idle period of FFP and the occurrence of orphan symbol. 

Firstly, related to the idle period of FFP, according to the current agreement, the UE can perform UL transmission in the idle period of FFP-g located within a FFP-u period if the UE has already initiated COT for the FFP-u. In this case, as previously argued, potential UE-to-gNB interference would be caused by such UL transmission in case when the COT initiator assumed by the UE and the gNB is different. On this issue, if the UL is a scheduled UL, it could be easily handled/avoided by the scheduling DCI indicating proper UL transmission timing based on gNB’s assumption. On the other hand, if the UL is a configured UL, for example, a CG PUSCH based on repetition type B with PUSCH segmentation, it may not be easy to handle/avoid the above situation or it may require additional control overhead to avoid it. Therefore, it could be reasonable for the UE not to allow transmission of the configured UL (then to treat the configured UL resource as invalid) in the idle period of FFP-g within a FFP-u period even if the UE has already initiated COT for the FFP-u.

Proposal #14: Consider not to allow transmission of the configured UL in the idle period of FFP-g located within a FFP-u period even if the UE has initiated COT for the FFP-u, in order to avoid potential UE-to-gNB interference. 

Secondly, regarding the orphan symbol created by PUSCH segmentation, in order to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure), it requires to be transmitted (rather than skipping it as in Rel-16) if the orphan symbol is between actual repetitions.

Proposal #15: Consider to support transmission of the orphan symbol created by PUSCH (repetition type B) segmentation, to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure). 

· HARQ process ID determination without CG-UCI
NR-U specification uses CG-UCI for configured grant PUSCH. UE can selects HARQ process ID, RV and NDI itself for its configured grant PUSCH transmission. On the other hands, NR URLLC configured grant has an equation for determine a HARQ process ID for a period. Thus, differences in this aspect is that NR URLLC configured grant only support single TB per a period and doesn’t support autonomous re-transmission. 
Those differences come from CG-UCI. However, CG-UCI has some drawbacks in terms of reliability. For URLLC services, all signals involving communication must meet at least reliability requirement to achieve overall reliability requirement. Since CG-UCI should be encoded separately from UL-SCH, it could be reliability bottleneck. In addition, CG-UCI may consume resource element for UL-SCH, so that degrades UL-SCH reliability. Form those point of view, it can be considered to support multiple TB transmission per periods and autonomous re-transmission, without CG-UCI. To support multiple TB transmission without CG-UCI, it would be necessary to specify new HARQ process ID equation suitable for NR-U configured grant. 
In Rel-15/16, HARQ process ID in SPS/CG is determined by symbol index of initial repetition per period. The equation for HARQ process ID was design with basic assumptions that only one TB is transmitted per period and every initial transmission occasions for a TB are equally spaced. Both assumption are not aligned with resource allocation in NR-U CG operation. 
One big difference is that two or more HARQ process can be used in a period of CG. To remove this problem and re-use current equation, we can consider one additional term “HPN interval” to make a space between HARQ process IDs in two adjacent period, as following equation:


“HPN interval” can be determined by “how many TB can be transmitted in a period”. If two TB can be transmitted per period, HPN interval can be set 2. 
For example, let assume 1 slot periodicity and two 7symbol PUSCH occasion per period in order to transit two individual TBs per period (Figure 6).
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Figure 6. Two PUSCH per 1 period. 

With HPN interval =2, nrofHARQProcesses = 8 and harqProcIDOffset =0, HARQ process ID of first PUSCH in each period can be determined as following figure 7. 
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Figure 7. an example of HPN interval

For remaining PUSCH occasion, we can allocate subsequent HARQ process ID of first PUSCH. Thus, for a period, HARQ process ID for nth initial PUSCH repetition can be , where X is HARQ process ID of first PUSCH in the period. 

Proposal #16: Consider new equation for determining HARQ process ID in order to support multiple TB transmission per periods.

Even if HARQ process ID is successfully determined with above equation, it can be still required to indicate NDI from UE side at least to facilitate autonomous re-transmission with CG-UCI. For this cases, it is also can be considered to support CG-UCI having reduced information field.  

Proposal #17: Consider NDI indication with less overhead other than CG-UCI.

4. Conclusions
In this contribution, UL enhancements for URLLC in unlicensed controlled environments were discussed, and the followings are proposed.

Proposal #1: Consider to support dynamic indication of whether to allow UE-initiated COT for the next FFP based on the transmission of UE (group)-common DCI, at least for the control of potential congestion among multiple UEs in a same FFP.
· Structure of the common DCI signaling (with indication of COT duration and SFI information) designed in Rel-16 NR-U can be reused. 
Proposal #2: Consider the following aspects for the configuration of UE FFP-u parameters.
· The candidate values of the FFP-u starting offset is scaled according to SCS value.
· The period and duration of FFP-u could be different for gNB controllability.
Proposal #3: Consider to allow the following UE behaviour for the scheduled UL not aligned with FFP-u boundary.
· The UE would drop the scheduled UL transmission in case when gNB indicates the UE as the COT initiator for the UL, but the UE didn’t initiate COT for the FFP-u period.
Proposal #4: Consider to support the following UE behaviour for the scheduled UL based on cross-FFP scheduling.
· The rule to determine COT initiator for the configured UL is applied for the scheduled UL, except for the case where the scheduled UL is aligned with FFP-u boundary and the COT initiator for the UL in DCI is indicated as the UE.
Proposal #5: Consider the following for the inclusion of COT initiator indication in DCI formats for consistent UE behaviour with any DCI format.
· The COT initiator indication is always present (cannot be absent) in all the DCI formats 0_0/1_0 and 0_1/1_1 (and/or 0_2/1_2).
Proposal #6: Consider the following for the LBT indication field in DCI formats 0_2/1_2 (if introduced) to avoid gNB scheduling restriction and inconsistent UE behaviour.
· The size of LBT indication field is kept same as Rel-16 (i.e., same size as Rel-16 (always 2-bit) for FBE, and same configurable size as Rel-16 for LBE).
Proposal #7: Consider to define the FFP including or starting with essential DL/UL transmission occasions (such as SSB or CORESET#0) as default FFP-g.
Proposal #8: Consider to align the assumption of FFP type for multiple RB sets in a carrier/BWP under the unaligned FFP structure between UE and gNB.
Proposal #9: Consider to configure (limit) the maximum COT duration allowed by the UE within a FFP-u period for gNB control of UE multiplexing.
Proposal #10: Consider the following condition in terms of allowing the DL transmission in FFP-u period based on sharing of UE-initiated COT.
· The DL can be transmitted to any other UE in the cell than the COT-initiating UE, except for the UE having a configured UL after the DL reception, if the DL transmission at least includes data or control intended for the COT-initiating UE.
Proposal #11: Consider the following aspects for the configuration of CG PUSCH.
· A same CG type (e.g., Rel-16 NR-U CG type or Rel-16 URLLC CG type) is configured per cell.
· How to select a CG PUSCH for the multiplexing of UCI (e.g. HARQ-ACK) needs to be further studied by considering multiple cells configured with different CG type and the UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.
Proposal #12: Consider to adopt PUSCH repetition type B for NR-U CG resource allocation. 
Proposal #13: Consider to introduce following three resource allocation parameters replacing existing parameters to support harmonized CG operation. 
· A RRC parameter for the number of consecutive PUSCH occasions 
· A RRC parameter for the number of repetition of consecutive PUSCH occasions in slot-level 
· A RRC parameter for the number of PUSCH occasion used for a TB 
Proposal #14: Consider not to allow transmission of the configured UL in the idle period of FFP-g located within a FFP-u period even if the UE has initiated COT for the FFP-u, in order to avoid potential UE-to-gNB interference. 
Proposal #15: Consider to support transmission of the orphan symbol created by PUSCH (repetition type B) segmentation, to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure). 
Proposal #16: Consider new equation for determining HARQ process ID in order to support multiple TB transmission per periods.
Proposal #17: Consider NDI indication with less overhead other than CG-UCI.

5. References
RAN1 chairman’s notes, RAN1#104bis-e
RAN1 chairman’s notes, RAN1#105-e
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