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Introduction 
In 3GPP TSG RAN Meeting #88 [1], a new WID related to enhancements to industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) was approved. As part of the objectives of this working item (WI), the following aspects were included:
	· [bookmark: _Hlk26864288][bookmark: _Hlk47418307]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
·  Specify support for UE-initiated COT for FBE with minimum specification effort
·  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum 



In this context, the agreements and conclusions included within the appendix of this document, which are related to the enhancements to enable URLLC to operate in the sub-6 GHz unlicensed band, were made during the previous RAN1 meetings [2-3-4-5].  In relation to this topic, the following aspects will be discussed:	
a. Further details related to the framework to enable UE’s initiated channel occupancy time (COT) for semi-static channel access procedure;
b. Further details and considerations to harmonize the uplink (UL) configured-grant (CG) enhancements introduced in NR-U and URLLC during Rel.16.
Discussion on the UE’s Shared COT Procedure
As mentioned above, during Rel.16 RAN1 agreed that for semi-static channel access mode only a gNB can operate as an initiating device. For this matter, in Rel.16 the UE’s COT sharing procedure was only defined for dynamic channel access mode. While during RAN1 #102-e meeting [2], it was agreed that when in semi-static channel access mode a UE operates as an initiating device, the UE’s shared COT procedure would be supported. However, the details of this procedure have not been yet discussed. 
In Rel.16, the UE’s COT sharing procedure is composed by two modes of operation: 
· Mode A: If the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is provided, then the UE is allowed to share its COT with the gNB. In this case, the DL transmission should contain a transmission to the UE that initiated the channel occupancy and can also include non-unicast and /or unicast transmissions, where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. Under this mode of operation, the UE is configured by cg-COT-SharingList-r16 which provides a table configured by higher layer, where each row of the table encodes jointly the following information:
· Channel access priority class used by the UE when acquiring the COT
· Slot from where the DL transmission could start, which is identified as x+O, where x is the current slot and O is an offset indicated in terms of slots
· Maximum duration of the DL transmission, which is indicated by D, and provided in terms of slots. 
In addition, cg-COT-SharingList-r16 also includes an entry indicating that no COT sharing would be allowed: 



cg-COT-SharingList-r16      SEQUENCE (SIZE (1..1709)) OF CG-COT-Sharing-r16             

CG-COT-Sharing-r16 ::= CHOICE {
    noCOT-Sharing-r16                   NULL,
    cot-Sharing-r16                     SEQUENCE {
         duration-r16                       INTEGER (1.. 39),
         offset-r16                         INTEGER (1.. 39),
         channelAccessPriority-r16          INTEGER (1..4)
    }
}

An illustration of this modality of operation is provided in Figure 1.
[image: ]
Figure 1 – High level illustration of mode A

· Mode B: If the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is not provided, then if 'COT sharing information' in CG-UCI indicates '1' the UE is allowed to share its COT only for the purpose of DL control transmission for the length of 2/4/or 8 OFDM symbol for 15/30 or 60 KHz subcarrier spacing, respectively. In this case, the gNB can share the UE channel occupancy and start the DL transmission X symbols from the end of the slot where CG-UCI is detected, where cg-COT-SharingOffset-r16 is provided by higher layer.
An illustration of this modality of operation is provided in Figure 2.
[image: ]
Figure 2 – High level illustration of mode B.

Moving forward to Rel.17, it is important to remember that during RAN1 #105-e meeting, it has been agreed that both the CG-UCI based procedures and CG-DFI based procedures are enable or disabled based on the RRC parameter cg-RetransmissionTimer-r16, which implies that:
· When cg-RetransmissionTimer-r16 is enabled then the CG-UCI is always piggybacked in every CG-PUSCH transmission;
· When cg-RetransmissionTimer-r16 is disabled then the CG-UCI is not carried.
In this matter, when developing the UE’s COT sharing procedure when the UE operates as initiating device, it is important to distinguish the UE’s behavior for these two cases. Furthermore, it is important to keep in mind that the main motivation to define two modes of operation and in particular to engineer mode A as in Rel.16, was to ensure fair co-existence with other incumbent technologies. However, given that URLLC operating in unlicensed spectrum is targeted to be deployed within a controlled environment, this issue is no longer relevant. Therefore, while RAN1 develops the UE’s shared COT procedure for UE’s initiated device, it should solely make sure that the minimum requirements mandated by the ETSI BRAN are met. 

In this matter, for the case when the cg-RetransmissionTimer-r16 is enabled, if RAN1 decides to use the Rel.16 procedure as a baseline, it is important to define the conditions and rules enforced in Rel.16 that should be relaxed.

For instance, for mode A the parameter ul-toDL-COT-SharingED-Threshold-r16 was introduced so that when the UE performs sensing it would use an energy detection (ED) threshold evaluated by using the gNB’s transmit power to assess whether the channel is idle or busy, which effectively penalizes the UE when sharing its COT with a gNB that intends to perform a long transmission within a UE’s COT. While this is not mandated by the ETSI BRAN, this was justified by the power imbalance between gNB and UE, which may be harmful to other systems given that the gNB would transmit at a much higher transmit power than the UE. However, as mentioned above, in a controlled environment this issue may be no longer relevant. Therefore, for semi-static channel access mode when a UE operating as initiating device acquires its FFP, in any circumstances the ED threshold used to determine whether the channel is busy or idle could be calculated solely based on the UE’s transmit power. In this case, no further distinction would be needed within the COT sharing procedure between the scenario when the gNB uses the UE’s COT for data or control transmission. However, in this case RAN1 should still allow the gNB to transmit within the UE’s shared FFP only if within a switching point there is at least a transmission devoted to the UE that initiated that FFP, similarly as Rel.16 behavior. This would prevent the gNB from having an inherent advantage in using the UE’s shared COT, rather than acquiring its own COT using a likely lower ED threshold when performing the clear channel assessment (CCA) procedure. 

Proposal 1: When a UE operating as initiating device acquires its FFP, in any circumstances the ED threshold used to determine whether the channel is busy or idle is calculated solely based on the UE’s transmit power.

Proposal 2: When a UE operates as an initiating device, it is allowed to share its FFP with its associated gNB, and the gNB is allowed both control and data transmissions as long as a DL burst contains at least a transmission per switching point which is dedicated for the UE that initiated that FFP.

For the case when the cg-RetransmissionTimer-r16 is enabled, another fundamental aspect regarding the UE’s COT sharing procedure is how the gNB may be able to utilize the used resources within a UE’s FFP, and how and whether the UE should provide this information to the gNB. While for dynamic grant (DG) UL bursts similarly as Rel.16, it may be up to gNB’s scheduling to ensure unutilized resources are scheduled for different usage, for configured grant (CG) it should be left up to the UE to decide whether to share the configured resources. In this matter, when a CG-UCI is piggybacked within a PUSCH transmission, the CG-UCI should include in its payload at least a bitfield information indicating the length of the shared resources as well as the exact starting symbol from when the gNB may be able to use those resources, while the channel access priority class would be no longer needed given that for semi-static channel access mode only a single-shot LBT with 9us observation window could be used.

Proposal 3: When the cg-RetransmissionTimer-r16 is enabled and a UE operates as an initiating device, and the CG-UCI is piggybacked within a PUSCH transmission, the CG-UCI includes at least a bitfield information indicating the length of the shared resources as well as the exact starting symbol from when the gNB may be able to use those resources. 

For the case when the cg-RetransmissionTimer-r16 is instead disabled, given that the CG autonomous transmission would be also disabled, it may be left up to gNB to utilize the unused resources among CG bursts, and the Rel.16 behavior for DG UEs can be reused.

Proposal 4: When the cg-RetransmissionTimer-r16 is disabled and a CG UE operates as an initiating device, the same procedure established for DG UEs in Rel.16 is reused. 

Further Enhancements for the use of no LBT in the COT Sharing Procedure
In Rel.16, UL and DL transmissions with no LBT are allowed in the COT sharing procedure. However, in order to resemble the 801.11ac design, in TS 37.213 it was introduced an upper bound on the maximum transmission length allowed (i.e., 584 us):
	[bookmark: _Toc28873135][bookmark: _Toc35593593][bookmark: _Toc44669001][bookmark: _Toc51607150][bookmark: _Toc66718940]4.1.2.3	Type 2C DL channel access procedure
When a gNB follows the procedures in this clause for transmission of a DL transmission, the gNB does not sense the channel before transmission of the DL transmission. The duration of the corresponding DL transmission is at most .



	[bookmark: _Toc28873161][bookmark: _Toc35593619][bookmark: _Toc44669027][bookmark: _Toc51607176][bookmark: _Toc66718966]4.2.1.2.3 	Type 2C UL channel access procedure
If a UE is indicated to perform Type 2C UL channel access procedures for a UL transmission, the UE does not sense the channel before the transmission. The duration of the corresponding UL transmission is at most .



The text above was mainly motivated by co-existence with other incumbent technology, which no longer holds for controlled environments, and may be highly limitative in the use of no LBT toward the effort to reduce LBT overhead with the aim to reduce latencies. In this matter, moving forward to Rel.17, at least the restriction of a maximum burst of 584us for DL transmission within a UE’s initiated FFP should no longer be applied.

Proposal 5: When a UE operates as an initiating device, and shares its own FFP with the serving gNB, if the gap between the UL and DL burst is less than 16us, no restriction is imposed on the maximum length of the DL burst, which is left up to the gNB’s scheduling decisions. 

Discussion on Idle mode UEs 
As mentioned above, during Rel.16 RAN1 agreed that for semi-static channel access mode only a gNB can operate as an initiating device. For this matter, Rel.16 only supports PRACH transmissions within a gNB’s initiated COT, and any PRACH resources that overlap with the gNB’s IDLE period are considered invalid. Given that this could be very limitative and detrimental in terms of latency if a gNB is not able to acquire a FFP where PRACH resources are scheduled, it may be beneficial to enable a UE from operating as an initiating device for some of the steps of the PRACH procedure. However, when enabling this behaviour, some coordination among the UE and the gNB is needed to indicate to each other the initiator of the COT and avoid mutual blocking.
For msgA and msg1 in the 2-step and 4-step RACH procedure, respectively, no explicit or implicit indication from the gNB to the UE is possible for the purpose of coordinating with the UE on when to operate as an initiating device. The main issue is that even with implicit coordination (e.g., a UE may operate as an initiating device when transmitting msgA or msg1 only within an invalid g-FFP) the UE may still need to assess whether a FFP is valid or not. However, at this stage the UE may not know exactly where the DL transmission may occur. Therefore, the assessment of valid or invalid FFP may be only performed through blind presence detection in some portions of the gNB’s COT right before the RACH occasion, which may lead to a false assessment, if the DL transmission may occur somewhere else within the COT. If for both msgA and msg1 transmission a UE is only allowed to operate as a responding device, a wrong assessment of the validity of a g-FFP may lead in the worst case to the UE from not transmitting. On the other hand, if for both msgA and msg1 transmission a UE is allowed to operate as an initiating device within an invalid g-FFP, a wrong assessment of the validity of a g-FFP may lead in the worst case to the UE initiating its own COT and not only colliding with the gNB, but more importantly violating the regulatory requirements dictated by the ETSI BRAN [6].
For what concern the transmission of the HARQ-ACK information related to msgB for the 2-step, it is instead possible for a UE to be instructed implicitly or explicitly by the gNB through the use of msgB on whether to operate as an initiating device or not in the following u-FFP. Similar, approach may be also used for enabling a UE from operating as an initiating device when transmitting msg3, since msg2 may be used by the gNB to coordinate with the UE on how it should transmit.
[bookmark: _Hlk54359726]Proposal 6: For 2-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least when transmitting the HARQ-ACK feedback information for msgB.
Proposal 7: For 4-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least for a msg3 transmission.
In RAN1 #102-e meeting [2], it was agreed that for semi-static channel access mode, the FFP parameters for a UE operating as an initiating device are provided to the UE by at least dedicated RRC signalling. However, it was left for further study on whether this information should be also carried or not in SIB-1. Given the considerations provided above regarding enabling a UE from operating as an initiating device to transmit the HARQ-ACK feedback information for msgB or msg 3, SIB-1 should indeed carry information regarding both the u-FFP and the offset between UE’s and the g-FFP. This is required so that the UE would be aware of this fundamental information, and able to effectively operate as an initiating device when instructed to do so during some of the steps of the PRACH procedure.
[bookmark: _Hlk54359730]Proposal 8: UE’s FFP parameters are provided within SIB1. 

Further Details on the Procedure to Determine the Initiator of a COT
During RAN1 #105-e meeting [5], it was concluded that in semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. In this matter, it was concluded that the determination is based on the content in the scheduling DCI, but the specific details have been left for further study.

For instance, it has not been yet agreed how the indication is done within the scheduling DCI. In this matter, during RAN1 #104-e meeting [4], it was agreed that for Rel.16 when operating in semi-static channel access mode both fallback and non-fallback DCIs would carry a 2 bits bitfield (e.g., ChannelAccess-CPext or ChannelAccess-CPext-CAPC). This field jointly indicates a specific set of combinations of CP extension and LBT channel access type, which are meant for this type of channel access mode when a gNB is the only initiator device as detailed in Table 7.3.1.1.1-4A in TS 38.212, as shown in Table I below:
Table I: Channel access type & CP extension if ChannelAccessMode-r16 = "semistatic" is provided 
	Bit field mapped to index
	Channel Access Type 
	The CP extension T_"ext"  index defined in Clause 5.3.1 of [4, TS 38.211]

	0
	No sensing as defined in Clause 4.3 in TS 37.213
	0

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2

	2
	9us sensing within a 25us interval as defined in Clause 4.3 in TS 37.213
	0

	3
	-
	-



However, moving forward to Rel. 17, it is possible to extend the content of this field to jointly indicate not only the CP extension and LBT channel access type, but also whether the UE should operate as initiating or responding device. In particular:
a. The reserved entry within this bitfield could be used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, while operating as initiating device. 
b. The entry with index 2 could be used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, and in this case as in Rel.16 should be operating as responding device.
c. If a UE is indicated no sensing (i.e., index 0 or 1), it would assume that it operates as an initiating device only if the UE has previously received explicit indication to operate as initiating device within a specific u-FFP, it was able to succeed LBT, and the time-domain resources for the current UL burst fall within the same u-FFP. 
Proposal 9: In semi-static channel access mode, the bitfield carrying Table 7.3.1.1.1-4A of TS 38.212 jointly indicates not only the channel access type and CP extension to use, but also whether a UE should operate as initiating or responding device. In particular:
a. The reserved entry within Table 7.3.1.1.1-4A of TS 38.212 is used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, while operating as initiating device. 
b. The entry with index 2 is used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, and in this case as in Rel.16 should be operating as responding device.
c. If a UE is indicated no sensing (i.e., index 0 or 1), it would assume that it operates as an initiating device only if the UE has previously received explicit indication to operate as initiating device within a specific u-FFP, it was able to succeed LBT, and the time-domain resources for the current UL burst fall within the same u-FFP. Otherwise, it operates as a responding device.

Another aspect that has not been yet concluded is related to whether the field carrying the indication of the COT initiator must be always present or can be absent is some cases. In this matter, it is important to note that in Rel.16 for both fallback and non-fallback DCIs the field ChannelAccess-CPext or ChannelAccess-CPext-CAPC is always carried and composed of 2 bits for semi-static channel access mode. Moving forward to Rel.17, we do not see any technical motivation to make these fields configurable. Furthermore, as also detailed later in this document, we believe that the extension of unlicensed functionalities (and in this case, channel access & COT initiator information) in the newly defined compact DCIs X_2 is quite important to support the reliability targets imposed in Rel.16 for URLLC, and these fields should be always included for both semi-static and dynamic channel access mode.
Proposal 10: For semi-static channel access mode, the 2 bits field indicating the CP extension, channel access type and COT initiator, should be included in Rel. 17 DCI 0_2 and 1_2, and should be always present.
Proposal 11: The bitfields carrying information related to the channel access which have been defined in Rel.16 and included in DCI 0_1 and 1_1 should be included in Rel. 17 DCI 0_2 and 1_2.
Another important aspect that it worth noticing is that by using the aforementioned framework/design choice, this may allow inherently (without any additional overhead) to allow a gNB to perform early terminate a COT by cancelling/overriding a prior decision made by the gNB on how a FFP could be used, and how a device should operate within it. This may be particularly useful in terms of power consumption at least in the following cases:
· A gNB after initiating its g-FFP, and initial transmissions may have nothing else to transmit, may not intend to acquire the following g-FFP, and the u-FFP may start within the current g-FFP. In this case, if Alt-B is used, the UE may not be allowed to initiate its own u-FFP given that there is an already active g-FFP, which the UE has detected. Given that in this case the UE would operate as responding device, the UE may not be allowed neither to transmit within the gNB’s idle period or to perform any transmissions after that until it initiates its own u-FFP. However, if Alt-A is used the gNB could indicate an early termination of its COT to the UE and indicate to this that it can operate as initiating device within a g-FFP which was previously acquired. In this case, the UE could better utilize the unused resources, and would be able to transmit within the idle period of the g-FFP as a initiating device, which would have not been able to be used if the UE would have operated as a responding device. This would not only the UE from performing presence detection and therefore saving power, but also allow the UE to perform a back-to-back transmission which would have been not possible otherwise.
[image: ]
Figure 3 – Illustration of a case when the gNB could indicate to the UE that intends to terminate its COT earlier, so that the UE can initiate its own COT and better utilize its unused resources.

· A UE may have unused resources that would like to share within its own u-FFP. However, a gNB may have nothing to transmit within that u-FFP. In this case, by early terminating the u-FFP the gNB is able to schedule transmission of other UEs within those unused resources, which would have been otherwise unable to do with Alt-b due to the regulatory restrictions, and prior agreements. In this matter, Figure 3 illustrates this scenario.
[image: ]
Figure 4 – Illustration of a case when the gNB could indicate to UE1 to early terminate its COT, so that by acting as initiating device within the active u-FFP1 it can schedule a transmission to UE2.
[bookmark: _Hlk68159112]Proposal 12: In semi-static channel access mode, early termination or cancellation of a FFP is enabled by allowing the gNB to overwrite through DCI scheduling indication any prior decision regarding the initiator of the COT.

General Considerations On Cross-FFP Scheduling
In RAN1 #104-e meeting [4] it was discussed on whether a gNB may be allowed to perform cross-FFP scheduling or not, and it was agreed that a gNB can schedule by both an UL and DL DCI a transmission in a later g-FFP, which is different from that which carries the scheduling DCI. However, it was left for further study on defining the channel access requirements that are needed to both the scheduled UL or DL transmissions to occur without violating the regulatory requirements mandated by the ETSI BRAN [6]. In this matter, according to [6, Sec. 4.2.7.3.1.4 and Sec. 4.2.7.3.1.5], an initiating device is mandated to grant an authorization to one or more associated responding devices to transmit only on the current operating channel within the current FFP:
	· Sec. 4.2.7.3.1.4: “(3) An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.”
· Sec. 4.2.7.3.1.5: “Clause 4.2.7.3.1.4, point 3) describes the possibility whereby an Initiating Device grants an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Fixed Frame Period.”



This implies that transmissions from responding devices are only allowed if any authorization is granted by an initiating device within the current channel occupancy time or FFP. If an authorization is granted by an initiating device to another device within a different FFP from the one where the authorization was firstly granted, then in that FFP the authorized device should operate as an initiating device. 
When translating the aforementioned requirements into the Rel.17 IIoT/URLLC design, if a gNB operates as an initiating device and schedules an UL transmission outside of its FFP, then the UE must assume that the scheduled UL transmission would need to be performed as if the UE is the initiating device irrespectively from any explicit indication provided by the gNB or any implicit assumptions that the UE may be able to make. However, no additional channel access requirements would be needed for any DL transmissions scheduled in a different FFP, given that in this case the authorizing and authorized device would coincide with the same device.
Proposal 13: If a gNB operates as an initiating device and schedules an UL transmission outside of its FFP, then the UE must assume that the scheduled UL transmission would need to be performed as if the UE is the initiating device irrespectively from any explicit indication provided by the gNB within the scheduled DCI or any implicit assumptions that the UE may be able to make. 
Proposal 14: If a gNB operates as an initiating device and schedules via a DCI a DL transmission outside of its FFP, no special considerations are needed in terms of channel access requirements or COT initiator.

General Considerations for WideBand Operation
[bookmark: _Hlk68078578]When discussing the assumptions that a UE should make regarding the COT initiator, RAN1 should also make considerations in the context of wideband operation. When a system operates in wideband, the CCA procedure in each LBT bandwidth (BW) may have a different outcome. While in principle a UE may assume that it can operate differently in every LBT BW, this may have several drawbacks. In fact, this may not only complicate the design, but it may induce additional interference among devices, while on the other hand allowing the UE to switch in ad-hoc manner between responding and initiating device operation based on the outcome of the LBT increasing the likelihood of a UE to be able to transmit. Given that the targeted scenario of URLLC is within a controlled environment where maintaining a coordination among gNB and UEs and reducing power consumption may be critical, it may be preferred if there may be alignment among the assumptions made by a UE across all LBT BWs, and in particular that:
· A UE operates as an initiating device in all LBT BWs, if for at least one LBT BW i) the UE assesses that it shall operate as initiating device in that LBT BW or ii) the UE has received indication from the gNB that it shall operate as an initiating device;
· UE operates as a responding device in all LBT BWs, if for each LBT BW i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device. 

Proposal 15: When operating on multiple carriers, the assumptions regarding the COT initiator are aligned across all carriers/ LBT BWs. In this case, a UE could assume to operate:
· as an initiating device over all RBs if for at least one LBT BW i) the UE assesses that it shall operate as initiating in that LBT BW or ii) the UE has received indication to the gNB that it shall operate as an initiating device; or 
· as a responding device over all RBs, if for each LBT BW i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device.
Harmonization of the UL CG Enhancements
Together with enabling a UE from operating as an initiating device, an additional objective of this WI lies into harmonizing the enhancements made in Rel.16 for the UL CG design between URLLC and NR-U, given that these have been introduced having in mind different requirements. During RAN1 #105-e meeting [5], it was agreed that for operation in shared spectrum the configuration of the cg-RetransmissionTimer is up to the network, and based on whether this parameter is enable or disabled also the CG-UCI based and the CG-DFI based procedures would be enabled or disabled. This means that, when the cg-RetransmissionTimer is enabled, the CG-UCI is piggybacked in every PUSCH transmission, and the CG-DFI procedure is supported including the NR-U retransmission scheme, while when the cg-RetransmissionTimer is disabled, then neither the CG-UCI or the CG-DFI are supported. 

With that said, when harmonizing URLLC and NR-U, it is important to note that in NR-U no concept of priority was introduced as also highlighted in our companion document [7]. In Rel.16, given that CG-UCI is piggybacked within a PUSCH in unlicensed operation and one or more consecutive CG-PUSCHs may actually overlap with a PUCCH within a PUCCH group some multiplexing rules were introduced. In particular, if the PUCCH does not contain HARQ-ACK feedback information, then the CG-UCI is multiplexed with the highest priority followed by CSI-part1, and CSI-part 2 on the CG-PUSCH. However, if the PUCCH contains HARQ-ACK feedback information, then the UE can be configured to either skip the overlapping CG-PUSCH and transmit the HARQ PUCCH, or jointly encode the CG-UCI and HARQ information within a PUSCH. Moving forward to Rel.17, when CG-UCI is configured to be piggybacked in a CG-PUSCH (i.e., cg-RetransmissionTimer is enabled), similarly as Rel.16 this would contain essential information to decode the CG-PUSCH itself, and therefore should be treated as a high priority (HP) transmission, and can be multiplexed in a similar manner as HP HARQ-ACK onto a PUSCH. Furthermore, if HP and LP HARQ-ACKs are to be multiplexed onto a CG-PUSCH which also includes CG-UCI, CG-UCI can be jointly encoded with the HP HARQ-ACK with same beta offset.
Proposal 16: When the cg-RetransmissionTimer is enabled, the CG-UCI is regarded as high priority and can be multiplexed in a similar manner as HP HARQ-ACK onto a PUSCH.
Proposal 17: When the cg-RetransmissionTimer is enabled, if both HP and LP HARQ-ACK are to be multiplexed onto a CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with same beta offset. 
In the context of harmonizing URLLC and NR-U, it is also important to note that different repetition schemes have been introduced within the two WIs. In URLLC, type A and type B repetitions schemes have been introduced, while in NR-U the type B repetition scheme adopted in Rel.16 URLLC has been used as a baseline, but two new RRC parameters (e.g., Cg-nrofPUSCH-InSlot-r16 and Cg-nrofSlots-r16) have been introduced to allow multi-transport block (TB) transmission within a period to better utilize the maximum channel occupancy time (MCOT), and a framework that would prevent as much as possible gaps between CG-PUSCH transmissions, so that to limit LBT overhead.
 
For the type A repetition scheme, each CG-PUSCH repetition is associated to a slot, so that N repetitions are spread across N slots. For this repetition scheme, the gaps among CG-PUSCH transmissions are unavoidable in the majority of configurations, which make this scheme unsuitable for unlicensed operation given the mandatory requirement of performing LBT if a gap is larger than 16us, which may lead in many cases in unacceptable LBT overhead, and lowered performances in terms of both reliability and latency. Figure 4 provides an example of type A repetition scheme operated in unlicensed band.
[image: ]
Figure 5 – Illustration of type A repetition scheme operated in unlicensed band.  
It is also important to note, that even if further enhancements are applied to this repetition scheme, the issues highlighted above may not be solved unless the paradigm and framework on which this scheme is based on is modified (e.g., multiple CG-PUSCH transmissions per slot).
Observation 1: Even if Type A is further enhanced for unlicensed operation, LBT overhead may be still unacceptable for URLLC use cases, given that gaps across slots are often unavoidable.
As for the type B and the NR-U repetition schemes, given that the later has been developed using the first as a baseline, it may be beneficial to enhance both of them so that to converge to a common repetition scheme. It  is important to highlight here that these two repetition schemes fundamentally differ over only two aspects: i) despite of the NR-U repetitions scheme, segmentation is allowed in the type B repetition scheme to further reduce latencies across repetitions ; ii) multi-TB transmission is allowed in the NR-U repetition scheme so that to fully utilize the MCOT available.
Proposal 18: Both the NR-U’s repetition scheme and Type B repetition scheme from Rel.16 URLLC design should be further enhanced, potentially to converge into a single repetition scheme. 
Proposal 19: Independently on whether cg-RetransmissionTimer is enabled or disabled, multi-TB transmission should be supported to fully utilize the MCOT available. 
As mentioned above, for type B repetition scheme, the concept of segmentation has been introduced to further reduce latencies across repetitions. In this matter, in Rel.16 URLLC if a PUSCH transmission occurs across a slot boundary, this is separated into two actual repetitions. In this matter, independently of whether the cg-RetransmissionTimer is configured or not, if CG-UCI is carried or configured to be used, given that it contains fundamental information for decoding the UL-SCH carried in each CG-PUSCH transmissions, then this should be always carried in every transmission. Therefore, in case segmentation and CG-UCI are both used, then CG-UCI should be carried in every actual repetition.
Proposal 20: When the cg-RetransmissionTimer is enabled and segmentation is applied to a PUSCH transmission occurring across a slot boundary, the CG-UCI is included in every actual repetition.
In the context of segmentation, it is important to note that depending on the SLIV and number of repetitions, a PUSCH may be spanning across a slot boundary and furthermore either the part of PUSCH within the initial slot or the part of the PUSCH within the following slot may be only one symbol long. According to Rel.16, in the case a single symbol transmission, called orphan symbol, may occur, the UE can discharge it. While this is helpful in URLLC, if this occurs when operating in unlicensed band this may be highly disruptive given that this would lead to performing an additional mandatory LBT, which may have detrimental impact on the system performance in terms of latency and reliability. Therefore, how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol should be discussed in RAN1.
Observation 2: When operating in unlicensed spectrum, the orphan symbol deriving from segmentation is highly detrimental for transmissions within either a UE or a gNB’s initiated COT.  Therefore, RAN1 should discuss how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol. 

Finally, in Rel.16 URLLC, two new DCIs have been defined: DCI 0_2 and DCI 1_2. These two new DCIs have been introduced so that to enable configuration of DCI formats, which are more suitable for scheduling and traffic subject to tight latency and reliability requirements. In the context of harmonizing the CG design between URLLC and NR-U, when the DFI-DCI is supported to combat the latency deriving from the LBT failures, it would be also beneficial to configurably carry the DFI information within DCI format 0_2, which is more suitable for low latency and high reliability applications.
Proposal 21: When the cg-RetransmissionTimer is enabled, DCI 0_2 should be enhanced to carry the DFI information based on configuration.  
Conclusion
In this contribution, we discussed several aspects related to the UL enhancements for URLLC operating in unlicensed spectrum, and made the following proposals:
Proposal 1: When a UE operating as initiating device acquires its FFP, in any circumstances the ED threshold used to determine whether the channel is busy or idle is calculated solely based on the UE’s transmit power.

Proposal 2: When a UE operates as an initiating device, it is allowed to share its FFP with its associated gNB, and the gNB is allowed both control and data transmissions as long as a DL burst contains at least a transmission per switching point which is dedicated for the UE that initiated that FFP.

Proposal 3: When the cg-RetransmissionTimer-r16 is enabled and a UE operates as an initiating device, and the CG-UCI is piggybacked within a PUSCH transmission, the CG-UCI includes at least a bitfield information indicating the length of the shared resources as well as the exact starting symbol from when the gNB may be able to use those resources. 

Proposal 4: When the cg-RetransmissionTimer-r16 is disabled and a CG UE operates as an initiating device, the same procedure established for DG UEs in Rel.16 is reused. 

Proposal 5: When a UE operates as an initiating device, and shares its own FFP with the serving gNB, if the gap between the UL and DL burst is less than 16us, no restriction is imposed on the maximum length of the DL burst, , which is left up to the gNB’s scheduling decisions. 
Proposal 6: For 2-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least when transmitting the HARQ-ACK feedback information for msgB.
Proposal 7: For 4-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least for a msg3 transmission.
Proposal 8: UE’s FFP parameters are provided within SIB1. 
Proposal 9: In semi-static channel access mode, the bitfield carrying Table 7.3.1.1.1-4A of TS 38.212 jointly indicates not only the channel access type and CP extension to use, but also whether a UE should operate as initiating or responding device. In particular:
a. The reserved entry within Table 7.3.1.1.1-4A of TS 38.212 is used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, while operating as initiating device. 
b. The entry with index 2 is used to indicate that a UE must perform the channel sensing as defined by clause 4.3 in TS 37.213, and in this case as in Rel.16 should be operating as responding device.
c. If a UE is indicated no sensing (i.e., index 0 or 1), it would assume that it operates as an initiating device only if the UE has previously received explicit indication to operate as initiating device within a specific u-FFP, it was able to succeed LBT, and the time-domain resources for the current UL burst fall within the same u-FFP. Otherwise, it operates as a responding device.
Proposal 10: For semi-static channel access mode, the 2 bits field indicating the CP extension, channel access type and COT initiator, should be included in Rel. 17 DCI 0_2 and 1_2, and should be always present.
Proposal 11: The bitfields carrying information related to the channel access which have been defined in Rel.16 and included in DCI 0_1 and 1_1 should be included in Rel. 17 DCI 0_2 and 1_2.
Proposal 12: In semi-static channel access mode, early termination or cancellation of a FFP is enabled by allowing the gNB to overwrite through DCI scheduling indication any prior decision regarding the initiator of the COT.
Proposal 13: If a gNB operates as an initiating device and schedules an UL transmission outside of its FFP, then the UE must assume that the scheduled UL transmission would need to be performed as if the UE is the initiating device irrespectively from any explicit indication provided by the gNB within the scheduled DCI or any implicit assumptions that the UE may be able to make. 
Proposal 14: If a gNB operates as an initiating device and schedules via a DCI a DL transmission outside of its FFP, no special considerations are needed in terms of channel access requirements or COT initiator.
Proposal 15: When operating on multiple carriers, the assumptions regarding the COT initiator are aligned across all carriers/ LBT BWs. In this case, a UE could assume to operate:
· as an initiating device over all RBs if for at least one LBT BW i) the UE assesses that it shall operate as initiating in that LBT BW or ii) the UE has received indication to the gNB that it shall operate as an initiating device; or 
· as a responding device over all RBs, if for each LBT BW i) the UE assesses that it shall operate as a responding device or ii) the UE has received indication from the gNB that it shall operate as responding device.
Proposal 16: When the cg-RetransmissionTimer is enabled, the CG-UCI is regarded as high priority and can be multiplexed in a similar manner as HP HARQ-ACK onto a PUSCH.
Proposal 17: When the cg-RetransmissionTimer is enabled, if both HP and LP HARQ-ACK are to be multiplexed onto a CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with same beta offset. 
Observation 1: Even if Type A is further enhanced for unlicensed operation, LBT overhead may be still unacceptable for URLLC use cases, given that gaps across slots are often unavoidable.
Proposal 18: Both the NR-U’s repetition scheme and Type B repetition scheme from Rel.16 URLLC design should be further enhanced, potentially to converge into a single repetition scheme. 
Proposal 19: Independently on whether cg-RetransmissionTimer is enabled or disabled, multi-TB transmission should be supported to fully utilize the MCOT available. 
Proposal 20: When the cg-RetransmissionTimer is enabled and segmentation is applied to a PUSCH transmission occurring across a slot boundary, the CG-UCI is included in every actual repetition.
Observation 2: When operating in unlicensed spectrum, the orphan symbol deriving from segmentation is highly detrimental for transmissions within either a UE or a gNB’s initiated COT.  Therefore, RAN1 should discuss how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol. 
Proposal 21: When the cg-RetransmissionTimer is enabled, DCI 0_2 should be enhanced to carry the DFI information based on configuration.  
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Appendix – Prior Agreements and Conclusions

	RAN1 102-e [2]:

Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.

Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initiates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initiates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period

Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode

Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.

Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.

Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
[bookmark: _Hlk49462189]
Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
· FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters

Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.


RAN1 103-e [3]:

Agreements:
· In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms.

Conclusion:
· For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.

Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported

Conclusion:
If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X. 
If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X  is the FFP associated with Y.
Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
Note 2: Whether or not there is additional restriction on idle period is still FFS. 


Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell

Agreements:
In semi-static channel access mode, FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT.
o    Note: Any value for the period, shall be at least 1ms and at most 10ms.
o    Note: Aim for low complexity operation to handle gNB and UE COT interactions

Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
· Alt. 3: Based on a predetermined rule(s)
· Alt. 4: Based on RRC signalling
· Alt. 5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.
  
Agreements:
In semi-static channel access mode:
· When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, down-select one of the following:
· 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-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· When a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Otherwise, If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· FFS on other conditions for determining the corresponding UE or gNB initiated COT
· Note: A configured UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.

Agreements:
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.
· 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
· 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. 

RAN1 104-e [4]:

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

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.


RAN1 105-e [5]:

Agreement:
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.

Agreement:
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

Agreement:
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
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