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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#106-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, ED threshold adjustment for gNB sharing of the COT initiated by the UE should also be discussed. 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




After introducing UE-initiated COT, a COT initiated by UE can be shared with gNB. According to the comments and agreement of RAN1 #106e meeting, majority view is that gNB can transmit DL transmission burst which includes transmission to any other UE in the cell than the COT initiating UE and/or broadcast transmission. Meanwhile, it should be ensured that the COT initiated by the UE is not shared with any other UE in the cell for any UL transmission. 
	Agreement (RAN1 #106-e meeting)
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 at least scheduled DL transmission or a DCI intended for the UE that initiated that FFP.
· FFS whether/how the DL transmission burst can include transmission to any other UE in the cell than the COT initiating UE and/or broadcast transmission while ensuring that the COT initiated by the UE is not shared by any other UE in the cell for any UL transmission




Therefore, when a UE is not initiating a channel occupancy and detects DL signals/channels within the gNB FFP, the UE cannot directly assume that gNB has initiated a channel occupancy and share the COT of gNB . In order to avoid the COT initiated by the UE shared by any other UE in the cell for any UL transmission, one way is that gNB can transmit DCI format 2-0 to explicitly indicate whether the gNB initiates a channel occupancy at least in the first DL transmission burst within the gNB FFP, another way is that gNB can implicitly indicate that the current DL transmission burst transmits based on the gNB initiated COT by control/broadcast signals/channels transmission starting at the gNB FFP boundary. According to the explicit or implicit indication, 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 explicit or implicit indication.
1.2 On ED threshold adjustment
According to the following regulations in clauses 4.3 and 4.1.5 in [3],
	4.3	Channel access procedures for semi-static channel occupancy
Channel assess procedures based on semi-static channel occupancy as described in this Clause, are intended for environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc. 
...
In the following procedures in this clause, when a gNB or UE performs sensing for evaluating a channel availability, the sensing is performed at least during a sensing slot duration . The corresponding   adjustment for performing sensing by a gNB or a UE is described in clauses 4.1.5 and 4.2.3, respectively.
...
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An eNB/gNB accessing a channel on which transmission(s) are performed, shall set the energy detection threshold () to be less than or equal to the maximum energy detection threshold .
 is determined as follows:
-	If the absence of any other technology sharing the channel can be guaranteed on a long-term basis (e.g. by level of regulation) then:
-	
-	 is maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise ;
-	otherwise,
-	
	where:
-	=5dB for transmissions including discovery burst(s) as described in clause 4.1.2, and  otherwise;
-	;
-	 is the set maximum eNB/gNB output power in dBm for the channel;
-	eNB/gNB uses the set maximum transmission power over a single channel irrespective of whether single channel or multi-channel transmission is employed
-	;
-	 is the single channel bandwidth in MHz.



In semi-static channel access mode, channel access procedures based on semi-static channel occupancy are intended for environment where the absence of other technologies is guaranteed. That is, the RRC parameter absenceOfAnyOtherTechnology should be configured. 




In semi-static channel access mode, the absence of any other technology sharing the channel can be guaranteed on a long-term basis, a gNB accessing a channel on which transmission(s) are performed, shall set the ED threshold to be less than or equal to min{,}, where is maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined and is a function of channel bandwidth. Therefore, a sensing ED threshold corresponding to gNB sharing of the CO initiated by the UE is not relevant with either the UE’s transmit power or gNB’s transmit power. 

If the RRC parameter absenceOfAnyOtherTechnology is not configured, a gNB accessing a channel on which transmission(s) are performed may set the maximum ED threshold  as a function of maximum gNB output power, then the ED threshold can be adjusted by calculating the ED threshold based on the UE’s transmit power. However, this adjustment does not apply to semi-static channel access mode.
In summary, in semi-static channel access mode, the absence of any other technology sharing the channel can be guaranteed on a long-term basis, therefore, ED threshold calculation is not relevant with gNB’s or UE’s transmit power and there is no need to consider ED threshold adjustment.
Observation 1: In semi-static channel access mode, the absence of any other technology sharing the channel can be guaranteed on a long-term basis, and ED threshold calculation is not relevant with gNB’s or UE’s transmit power.
Proposal 2: ED threshold adjustment for semi-static channel access mode is not considered.
Harmonizing UL configured-grant enhancements in NR-U and Rel-16 URLLC
1.3 PUSCH repetition Type B for unlicensed band operation
1.3.1  How to handle PUSCH segmentation in the idle period of an FFP
In RAN1#104-e [4], when using NR IIoT Rel-16 based CG, it was agreed to support PUSCH repetition Type B for unlicensed band operation as shown below.   
	RAN1#104-e
Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance


For PUSCH repetition type B, a “nominal” repetition is automatically segmented into multiple actual repetitions when it crosses the slot boundary or invalid symbols. And for FBE (semi-static channel access) mode in unlicensed band operation, the gNB and UE shall not transmit any transmissions in the initiator’s idle period of any FFP. For PUSCH repetition Type B on unlicensed band spectrum, how to handle the nominal PUSCH repetition within the idle period has been discussed in RAN1#106-e meeting [5] as listed in FL summary below, but no agreement has been reached. We will analyse the details of these two alternatives in the following.
	Proposal 7-2(updated3):
·  For PUSCH repetition Type B on unlicensed spectrum, select one of the following:
· Alt 1: If a nominal repetition overlaps with a set of symbols in an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the idle period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the idle period is applied when applicable.
· FFS on handling the misalignment between gNB and UE on the COT initiator associated to an idle period
· Alt 2: If a nominal repetition overlaps with an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT or associated to UE’s FFP in case UE assumes UE-initiated COT, the nominal repetition is dropped (i.e. no segmentation around the idle period).


The two alternatives discussed in last meeting are shown in Figure 1(a) and 1(b), respectively. Compared with Alt 1 of Figure 1(a), when nominal repetition #2 and #3 overlap with the idle period associated to UE’s FFP in case UE assumes UE-initiated COT, the two nominal repetitions are dropped in Figure 1(b), and only nominal repetition #1 can be transmitted. Considering the reliability target in URLLC, the Alt 2 is definitely not good. 
Compared with Alt 2, although we think it is better for a “nominal” repetition to be segmented by the symbols overlapping with the initiator’s idle period, there may be ambiguity between the UE and gNB in case the UE does not detect the gNB’s COT sharing information and the UE initiates its own COT. As shown in Figure 1(a), RV id and actual number of repetitions of PUSCH repetition Type B within UE-initiated COT are different from that in the case of UE sharing gNB-initiated COT. In order to solve the ambiguity, a nominal PUSCH overlapping with any idle periods to be segmented should be considered as shown in Figure 1(c). That is to say, if a nominal repetition overlaps with an idle period associated to gNB’s FFP or UE’s FFP in case UE shares gNB-initiated COT, or associated to UE’s FFP or gNB’s FFP in case UE initiates COT, the nominal repetition within the idle period is segmented, and all the symbols in the idle period should be considered as invalid symbols.        


Figure1(a) Alt 1: a nominal repetition to be segmented overlaps with the initiator’s idle period


Figure1(b) Alt 2: a nominal repetition to be dropped overlaps with the initiator’s idle period


Figure1(c) A nominal repetition to be segmented overlaps with any idle periods
Proposal 3: For PUSCH repetition Type B on unlicensed spectrum, if a nominal repetition overlaps with an idle period associated to gNB’s FFP or UE’s FFP in case UE shares gNB-initiated COT, or associated to UE’s FFP or gNB’s FFP in case UE initiates COT, the nominal repetition within the idle period is segmented. All the symbols in the idle period should be considered as invalid symbols, which are not considered for an actual repetition as in Rel-16.
Based on the analysis above, in case UE shares gNB-intiated COT, the nominal repetition #3 will be split into actual repetition #3 (PUSCH 3) at the beginning of the COT in Figure 1(c). The gNB may transmit downlink signals anyway after successful LBT at the beginning of the gNB’s COT according to the current spec. There may be potential collision between the DL transmission and PUSCH 3 transmission. We think it can be handled by gNB implementation, e.g., the slot format configuration. For gNB’s FFP, the symbols at the beginning of the COT can be configured as downlink symbols, which are the invalid symbols for PUSCH repetition type B. In this way, actual PUSCH repetition #3 will not be transmitted. After these invalid symbols, the actual transmission can be transmitted.
Observation 2: For PUSCH repetition Type B on unlicensed spectrum, in case UE shares gNB-initiated COT, if the symbols at the beginning of the COT are the invalid symbols, the PUSCH repetition can not be transmitted.
1.3.2  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 not be 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 discussed in FL summary of RAN1#106-e meeting. 
	Proposal 7-3:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, select one of the following options 
·  Option 1: Orphan symbol(s) are dropped as in Rel-16
·  Option 2: Orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted.
  FFS on details


Based on the above proposal, it is shown in Figure 2, 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 shall be performed before actual repetition #4. It may bring additional latency and low reliability to the CG PUSCH transmission in the 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 2 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 4: 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 5:  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  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 6: 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 explicit or implicit indication.
Proposal 2: ED threshold adjustment for semi-static channel access mode is not considered.
Proposal 3: For PUSCH repetition Type B on unlicensed spectrum, if a nominal repetition overlaps with an idle period associated to gNB’s FFP or UE’s FFP in case UE shares gNB-initiated COT, or associated to UE’s FFP or gNB’s FFP in case UE initiates COT, the nominal repetition within the idle period is segmented. All the symbols in the idle period should be considered as invalid symbols, which are not considered for an actual repetition as in Rel-16.
Proposal 4: 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 5:  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 6: 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.
Observation 1: In semi-static channel access mode, the absence of any other technology sharing the channel can be guaranteed on a long-term basis, and ED threshold calculation is not relevant with gNB’s or UE’s transmit power.
Observation 2: For PUSCH repetition Type B on unlicensed spectrum, in case UE shares gNB-initiated COT, if the symbols at the beginning of the COT are the invalid symbols, the PUSCH repetition can not be transmitted.
Reference
RP-201310, Revised WID: Enhanced industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR.
RAN1#106-e, chairman notes
TS 37.213, “Technical Specification Group Radio Access Network; Physical layer procedures for shared spectrum channel access”
RAN1#104-e, chairman notes
3GPP RAN1#106-e, R1-2108306, Summary#6 - Enhancements for IIOT/URLLC on Unlicensed Band, Moderate (Ericsson).
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