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Introduction
In the RAN#88 meeting, the scope for URLLC in unlicensed controlled environments in Rel-17 URLLC WI was finally determined [1]. Only the following two aspects for uplink enhancements are included.
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
And in RAN1#105-e meeting, some agreements about the two issues above were made [2]. In this contribution, based on the achieved agreements, we continuously discuss the details of the UE-initiated COT for FBE and harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16.
UE-initiated COT for FBE
After the introduction of UE-initiated COT, COT sharing regulation of gNB-to-UE should be redefined. In addition, a scheme should be provided for FFSs associated with cross-FFP scheduling and COT-indicator for scheduled UL transmission. In the following section, we will share our views on the above mentioned issues for UE-initiated COT.
1.1 COT sharing for gNB-to-UE
In the agreement of RAN1 #98b meeting as following, UE can share the COT of gNB to transmit UL transmission when the UE detect the DL signals/channels(e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the FFP of gNB.
Agreement （RAN1 #98bis meeting）:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device
However, after introducing UE-initiated COT, a COT initiated by UE can be shared with gNB and gNB can transmit control/broadcast signals/channels for any UEs as long as the transmission contains signals for the UE that initiated the channel occupancy. When a UE is not initiating a channel occupancy and detects DL signals/channels within the gNB FFP, the UE cannot directly regard that gNB has initiated a channel occupancy and share the COT of gNB. In order to avoid COT sharing between different UEs, gNB can transmit DCI format 2-0 to indicate whether the gNB initiates a channel occupancy at least in the first DL transmission burst within the gNB FFP. According to the received DCI format 2-0, the UE determines whether to share the COT.
[bookmark: OLE_LINK2]Proposal 1: After introducing UE-initiated COT, one mechanism should be provided to let UE determine whether to share the COT based on gNB-to-UE COT sharing.
1.2 Cross-FFP scheduling and COT-initiator for scheduled UL transmission
In RAN 1 #105e meeting, Alt-a was adopted to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT 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
1.2.1 Cross-FFP scheduling 
A FFS associated with cross-FFP scheduling left behind still needs to be resolved in the above agreement.
In semi-static channel access mode, the gNB can schedule UL transmission(s) by a DCI in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. However, the indication for determining whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT in the scheduling DCI may be invalid. For example, the indication of the scheduling DCI indicates sharing the gNB-initiated COT, but the gNB does not achieve the next FFP in which a UL transmission is scheduled to transmit. One of the following two options can be used to solve this problem:
· Option 1: The same predefined rule as for CG UL transmission can be used when the gNB schedules an UL transmission in the next gNB’s FFP period.
· Option 2: If the indication of the scheduling DCI indicates sharing a gNB-initiated COT, and the UL transmission scheduled in the next gNB’s FFP period 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 scheduled UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the scheduled UL transmission corresponds to UE-initiated COT.
The difference between these two options is that Option 2 has additional prerequisite for sharing a gNB-initiated COT, i.e.the scheduling DCI indicates sharing a gNB-initiated COT.
Proposal 2: One of the following options can be considered when the gNB schedules an UL transmission in the next gNB’s FFP period:
· Option 1: The same predefined rule as for CG UL transmission can be used when the gNB schedules an UL transmission in the next gNB’s FFP period.
· Option 2: If the indication of the scheduling DCI indicates sharing a gNB-initiated COT, and the UL transmission scheduled in the next gNB’s FFP period 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 scheduled UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the scheduled UL transmission corresponds to UE-initiated COT.
1.2.2 COT-indicator indicated in scheduling DCI
For COT-indicator indicated in scheduling DCI, LBT field (ChannelAccess-CPext-CAPC or ChannelAccess-CPext) in DCI can be used to determine whether a scheduled UL transmission corresponds to UE-initiated COT or sharing a gNB-initiated COT and the COT-indicator of LBT field in DCI can be configured to be absent.
In the compact DCI x_2 for both LBE and FBE, the minimal size of LBT field in DCI should be configurable to 0 bit for the design principle of compact DCI. If the LBT field in DCI is absent, the same predefined rule as for CG UL transmission can be reused to determine whether a scheduled UL transmission corresponds to UE-initiated COT or sharing a gNB-initiated COT.
Proposal 3: The LBT field in DCI can be used to determine whether a scheduled UL transmission corresponds to UE-initiated COT or sharing a gNB-initiated COT.
· If the LBT field is absent, the same predefined rule as for CG UL transmission can be reused.
· The minimal size of LBT field in DCI x_2 should be configurable to 0 bit for the design principle of compact DCI.
Harmonizing UL configured-grant enhancements in NR-U and Rel-16 URLLC
1.3 Enhancements of PUSCH repetition Type B for unlicensed band operation
1.3.1  Repetition pattern for enhancements of PUSCH repetition Type B
In RAN1#105-e, using one RRC parameter, i.e. cg-RetransmissionTimer-r16 to enable or disable both CG-DFI and CG-UCI features has been agreed as shown below. 
	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


But how to harmonize UL configured-grant PUSCH repetition between NR-U and URLLC introduced in Rel-16 is FFS. In RAN1#104bis-e [3], whether to support and how to enhance PUSCH repetition type B based on NR-U Rel-16 CG for unlicensed band operation was discussed. We will analyse the necessity and the details of option 2 in the following.
	Agreement:
· Select one of the following options:
· Option 1: Do not support PUSCH repetition Type Bwhen using based on NR-U Rel-16 based CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B when using based on NR-U Rel-16based CG for unlicensed band operation. FFS whether/how to enhance


The Rel-16 CG-PUSCH repetition pattern of NR-U is shown in Figure 2(a), where the high layer parameter cg-nrofSlots-r16 provides the number of consecutive slots, and cg-nrofPUSCH-InSlot-r16 provides the number of consecutive PUSCH allocations within a slot. The first PUSCH allocation is indicated by TDRA table and the remaining PUSCH allocations follow the previous allocation without any gaps between them within a slot. The same repetition pattern repeats over the consecutively allocated slots. 
The Rel-16 PUSCH repetition type B of NR URLLC can be seen in Figure 2(b), where the TDRA table indicates the start symbol and the time duration for the first “nominal” repetition and the number of the “nominal” repetitions. And, the remaining “nominal” repetitions follow the previous “nominal” repetition without any gaps between them in one or more available slots. If a “nominal” repetition goes across the slot boundary or invalid symbols, this “nominal” repetition is automatically split into multiple actual repetitions. 

   Figure 2(a) CG-PUSCH in NR-U              Figure 2(b)  URLLC CG-PUSCH repetition type B
Compared to Figure 2(b), there is a gap between Rep#2 and Rep#3 in Figure 2(a). Considering the latency target in URLLC, back-to-back repetitions with segmentation across the slot boundary or invalid symbols should be supported such that the network can successfully decode the PUSCH as early as possible. On the other hand, because of possible LBT failure in some of the transmission occasions, configuring additional transmission occasions across a number of slots to ensure K repetitions should also be supported, and these additional transmission occasions can also be used for transmission.
Proposal 4: For unlicensed band operation, enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG should be supported.
Based on above, a combined feature by absorbing both beneficial properties from URLLC and NR-U is needed. For example, the starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition are determined by NR-U rules, while the repetitions should be back-to-back like Repetition type B in URLLC. Such combined repetition pattern is shown in Figure 3.

Figure 3 Combined repetition pattern for URLLC over unlicensed band
Proposal 5: The use of PUSCH repetition type-B together with NR-U based multi-slot allocations should be considered with potential enhancements. 
· The consecutive resources are indicated, where the starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition are determined by the NR-U rules
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
1.3.2  How to handle PUSCH segmentation in the idle period of an FFP
[bookmark: _GoBack]Based on the introduction in section 3.1.1, for PUSCH repetition type B of NR URLLC, a “nominal” repetition is automatically split into multiple actual repetitions when it crosses the slot boundary or invalid symbols. In the idle period of an FFP in FBE ( semi-static channel access ) mode, the gNB and UEs shall not transmit any transmissions. If PUSCH repetition type B is supported for unlicensed band operation, whether PUSCH segmentation should take into account the idle period is FFS in RAN1 #104bis-e.   
	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


For PUSCH repetition type B of NR URLLC, it is specified that invalid symbols include semi-static downlink symbols, symbols indicated for SSB transmission, CORESET 0 with Type0-PDCCH CSS set, gap for DL-to-UL switching and invalidSymbolPattern indicated by RRC. These symbols are all RRC configurations, and therefore there is no ambiguity between gNB and UE. And the idle period of an FFP is also configured by RRC, we think it can be treated as invalid symbols too. So, a “nominal” repetition should be segmented across the idle period. As shown in Figure 4, when the “nominal” repetition #4 goes across the idle period, it is segmented into actual repetition #4 and #5, and actual repetition #5 can not be transmitted due to the full overlapping with idle period.

    
Figure 4 PUSCH segmentation in the idle period of an FFP
Proposal 6: For PUSCH repetition Type B enhancements on unlicensed spectrum,
· The idle period of an FFP is treated as invalid symbols.
· PUSCH segmentation should consider the idle period of an FFP.
1.3.3  Whether orphan symbols are transmitted between two actual repetitions transmitted
In PUSCH repetition type B of URLLC, when a “nominal” repetition is split into multiple actual repetitions, and an actual repetition with a single symbol will be not transmitted. If segmentation of one nominal repetition around the slot boundary or invalid symbols is introduced for URLLC over unlicensed band, whether to reuse the Rel-16 rule was proposed in RAN 1#104bis-e meeting. 
	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


Based on the above agreement, it is shown in Figure 5, the “nominal” repetition #3 is split into actual repetition #3 and #4, where actual repetition #3 is orphan symbol, and actual repetition #2 and actual repetition #4 can be transmitted. If reusing orphan symbol’s restriction as defined in Rel-16 URLLC, LBT detection will be performed before actual repetition #4. It may bring additional latency and low reliability to the CG PUSCH transmission in case of the LBT failure. So, orphan symbol(s) should be transmitted to avoid the unnecessary LBT if they are between two actual repetitions that are transmitted.  


Figure 5 An orphan symbol is between two actual repetitions transmitted 
In addition, what is transmitted on orphan symbols should be considered, i.e., CP extension from the next actual repetition or DMRS. More accurate channel estimation can be provided through additional DMRS, then DMRS is more preferred.   
Proposal 7: For PUSCH repetition Type B enhancements on unlicensed spectrum, DMRS can be transmitted on the orphan symbol(s) if they are between two actual repetitions that are transmitted.
1.4 Other features for harmonization of UL Configured Grant in unlicensed band
1.4.1  Interaction with DL/UL directions
For interaction with DL/UL directions, different rules are defined for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) in Rel-16 URLLC and NR-U in case dynamic SFI is configured while not received. More specifically, the rules are summarized as follows.
For Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) in Rel-16 URLLC and NR-U in case dynamic SFI is configured while not received.
· URLLC rules: If dynamic SFI is not received for at least one symbol of an actual repetition, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· NR-U rules: If not provided EnableConfiguredUL-r16, the CG-PUSCH is not transmitted if it conflicts with a semi-static flexible symbol. If provided EnableConfiguredUL-r16, the CG-PUSCH can be transmitted.
Given NR-U rules are more flexible by introducing EnableConfiguredUL-r16, they can be reused to determine the transmission of actual repetition to accommodate URLLC feature. That is, if dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. And if dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted.
Proposal 8:  For the interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions), Rel-16 NR-U feature is used with modifying the repetition to actual repetition.
· If dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· If dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted.
1.4.2  How to handle CG-UCI transmission when segmentation occurs 
If segmentation of one nominal repetition around the slot boundary or invalid symbols is introduced for URLLC over unlicensed band, how to transmit the CG-UCI should be discussed.
In Rel-16 URLLC, the RV ID and DMRS location are based on actual repetition. Similarly, the CG-UCI can be transmitted per actual repetition. That is to say, when a nominal repetition is segmented into multiple actual repetitions, the CG-UCI of the nominal repetition will be transmitted on each actual repetitions. 
Proposal 9:  For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
1.4.3  Interaction of CG-UCI and HARQ-ACK codebooks of PHY prioritization
In Rel-16 NR-U, when PUCCH overlaps with CG-PUSCH(s) within a PUCCH group, the CG-UCI and HARQ-ACK are jointly encoded (CG-UCI is treated as the same type as a HARQ-ACK) and transmitted in the PUSCH if cg-UCI-Multiplexing is configured. If cg-UCI-Multiplexing is not configured, configured grant PUSCH and CG-UCI are skipped. In Rel-16 URLLC, PHY prioritization is introduced for HARQ-ACK codebooks. If PHY priority introduced in Rel-16 is supported in unlicensed band, how to handle the multiplexing and PHY prioritization between CG-UCI and HARQ-ACK codebooks should be considered. That is, whether CG-UCI and HARQ-ACK codebooks with different priority can be multiplexed or not is determined by cg-UCI-Multiplexing and URLLC rules. 
· LP PUCCH overlaps with HP CG PUSCH in the time domain
If Rel-16 URLLC rule is reused, the LP PUCCH will be canceled and HP PUSCH will be transmitted. If Rel-16 NR-UE rule is reused, the UE behavior is configured by the network as discussed above. This can provide more flexibility to the network. Therefore, the UE behavior should depends on whether cg-UCI-Multiplexing is configured in this case. If cg-UCI-Multiplexing is configured, NR-U rule is reused, i.e., the HARQ-ACK and the UCI are multiplexed in the PUSCH. If cg-UCI-Multiplexing is not configured, Rel-16 URLLC rule is reused, i.e., only CG PUSCH is transmitted. 
· HP PUCCH overlaps with LP CG PUSCH in the time domain
In this case, it should better to reuse the Rel-16 URLLC rule since multiplexing HP UCI in the LP PUSCH may reduce the UCI reliability. So only HP PUCCH can be transmitted. However, considering that the COT information is included in the CG-UCI and is very important for the transmission in the unlicensed band, it should be transmitted as possible as it can. Therefore, COT information of CG-UCI and HARQ-ACK are jointly encoded and transmitted in the PUCCH no matter whether cg-UCI-Multiplexing is configured.       
Proposal 10: If PHY priority introduced in Rel-16 is supported in unlicensed band, how to handle the multiplexing and PHY prioritization of CG-UCI and HARQ-ACK codebooks should be considered. 

Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: After introducing UE-initiated COT, one mechanism should be provided to let UE determine whether to share the COT based on gNB-to-UE COT sharing.
Proposal 2: One option can be applied to the case when the gNB schedules an UL transmission in the next gNB’s FFP period as following:
· Option 1: The same predefined rule as for CG UL transmission can be used when the gNB schedules an UL transmission in the next gNB’s FFP period.
· Option 2: If the indication of the scheduling DCI indicates sharing a gNB-initiated COT, and the UL transmission scheduled in the next gNB’s FFP period 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 scheduled UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the scheduled UL transmission corresponds to UE-initiated COT.
Proposal 3: The LBT field in DCI can be used to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT.
· If the LBT field is absent, the same predefined rule as for CG UL transmission can be reused.
· The minimal size of LBT field in DCI x_2 should be configurable to 0 bit for the design principle of compact DCI.
Proposal 4: For unlicensed band operation, enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG should be supported.
Proposal 5:The use of PUSCH repetition type-B together with NR-U based multi-slot allocations should be considered with potential enhancements. 
· The consecutive resources are indicated, where the starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition are determined by the NR-U rules
· Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.
Proposal 6: For PUSCH repetition Type B enhancements on unlicensed spectrum,
· The idle period of an FFP is treated as invalid symbols.
· PUSCH segmentation should consider the idle period of an FFP.
Proposal 7: For PUSCH repetition Type B enhancements on unlicensed spectrum, DMRS can be transmitted on the orphan symbol(s) if they are between two actual repetitions that are transmitted.
Proposal 8:  For the interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions), Rel-16 NR-U feature is used with modifying the repetition to actual repetition.
· If dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· If dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted.
Proposal 9:  For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.
Proposal 10: If PHY priority introduced in Rel-16 is supported in unlicensed band, how to handle the multiplexing and PHY prioritization of CG-UCI and HARQ-ACK codebooks should be considered. 
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