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1	Introduction
[bookmark: _Hlk47488960]In the last plenary RAN#88-e meeting the second objective of Rel-17 IIoT/URLLC WID [1] was updated as the following in the updated WID [2]:
2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
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
In this contribution, we express our view on the specification work needed to achieve the goals in the above objective.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk47489013]2.1	UE-initiated COT for semi-static channel access
2.1.1	Benefits
In semi-static channel access mode (a.k.a. FBE), only gNB initiated COT in Rel-16 is supported. This results in scheduling/configuration restrictions of UL transmissions as illustrated in Figure 1 where only DL transmission is allowed at the beginning of an FFP. Such restrictions severely impact the latency requirements for URLLC/IIOT operation. Moreover, for a UE to transmit in uplink, the UE has to determine whether the gNB has initiated a COT in the FFP. For scheduled transmissions, COT-initiation within an FFP can be indicated to the UE by explicit signaling. However, at least for configured UL transmissions, due to lack of explicit dynamic signaling, the UE implicitly determines whether a COT in the FFP is initiated and a UL transmission can occur by monitoring the channel to detect any DL transmission in the FFP. This results in excessive power consumption at the UE and costly operation at the UE side.
The latency budget and power consumptions can be considerably improved in Rel-17 by allowing UE initiated COT in semi-static channel access mode.
[bookmark: _Toc47731069]Support of UE initiated channel occupancy for semi-static channel access mode is crucial to improve uplink performance, latency reduction gains for IIOT/URLLC applications and UE power consumption.
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[bookmark: _Ref47464403]Figure 1: Impact of enabling UE-initiated COT in addition to gNB-initiated COT on scheduling/configuration. Note that the gaps and sensing time intervals are not shown here. 

It is important to note that UE initiated COT for semi-static channel access mode was agreed to be supported in Rel-16. However, additional agreements for corresponding UE procedures to initiate and share a COT with gNB are not in place due to scope de-prioritization in Rel-16.
	Agreement:
· 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



2.1.2	Specification impact
In our view, the support of UE initiated COT requires limited specification works and can be achieved by simple extension of gNB initiated COT to UE initiated COT with proper adjustments when needed. 
In order to have a better understanding on the specification work, we analyze first the support of feature from a regulatory perspective and describe then how the feature can be used in a network.
Rel-16 specifies gNB and UE behaviors for semi-static channel access mode based on FBE regulations. The regulations describe requirements for a device to implement a channel access mechanism for accessing the channel where the device (in case of NR being a gNB or UE) can be an initiating device or a responding device or both. Moreover, the regulations define the FFP to be associated to the initiating device with some limitations on its duration and update rate. It is important to note that the corresponding requirements for FBE operation are defined per device and there is no requirement on interaction between initiating devices.
Therefore, the UE and gNB behavior corresponding to UE-initiated COT is similar to those specified in Rel-16 for gNB-initiated COT where the UE and gNB behaviors can be exchanged as compared to Rel-16 when acting as initiating and responding devices, respectively.
Furthermore, from the regulation perspective, there is no requirement on alignment between FFPs associated to UEs or gNB for initiating the corresponding COTs.
[bookmark: _Toc47731070]UE and gNB behavior corresponding to UE-initiated COT is similar to those specified in Rel-16 for gNB-initiated COT where the UE and gNB behaviors can be exchanged.
[bookmark: _Toc47731071]From the regulation perspective, there is no requirement on alignment between FFPs associated to UEs or gNB for initiating the corresponding COTs.
From the operational perspective, since NR is a coordinated system where the gNB controls all the transmissions in DL and UL, when UE-initiated COT is fully specified, the feature provides additional functionalities that can be used by the NW to improve the system performance. The configuration, applicability and management of gNB and UE initiated COTs are up to the gNB. In other words, it is up to the gNB to provide a UE with FFP for gNB initiated COT and/or FFP for UE initiated COT and enable the corresponding functionalities. An example is shown in Figure 2. It can be seen that UE1 and UE2 are configured with different FFPs for COT initiation as opposed to UE3 where its transmission occurs in gNB initiated COT. Note that UE3 can also be configured with UE initiated COT but it is up to the NW when to enable and use it. Comparing the examples in this figure with the previous one for UE1 shows that although a UE is enabled to initiate a COT, the UE can transmit in the UL either using gNB initiated COT or its own.
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[bookmark: _Ref47493414][bookmark: _GoBack]Figure 2: NW in control of configuration and enabling of UE-initiated COTs.  

[bookmark: _Toc47731072]The configuration, applicability and management of gNB and UE initiated COTs are up to the gNB.
In the following, we describe the basic framework for operation to identify the conditions and functionalities for performing a UL transmission. We focus on the main procedures and postpone the idle periods related discussions.  
With respect to channel access in FBE mode for any UL transmission, the UE can perform one of the following:
· Behavior A) The UE can perform the UL transmission without performing CCA.
· Behavior B) The UE can perform the UL transmission if a 9us CCA immediately before the transmission succeeds.
Whether behavior A or B is applicable for a UL transmission, depends on the conditions below:
· Condition 1) If a UL transmission is within an already initiated COT (shared COT) and the gap between the UL transmission and previous transmission in the COT is at most 16 us, the UE can transmit without performing CCA (i.e. behavior A).
· Condition 2) If a UL transmission starting time is aligned with the beginning of the FFP provided for UE-initiated COT, the UE upon a successful CCA of 9 us, can transmit (i.e. behavior B).
· Condition 3) If a UL transmission is within an already initiated COT (shared COT) and the gap between the UL transmission and previous transmission in the COT is more than 16 us, the UE upon a successful CCA of 9 us, can transmit (i.e. behavior B).
Note that an already initiated COT can be the gNB initiated COT or UE-initiated COT that can be shared with the UE.
The decision between Behavior A and B can explicitly be indicated to the UE or implicitly determined by the UE where the former is applicable for scheduled UL transmission and the latter is suitable for configured transmission as we described previously. The corresponding procedures based on these two options for enabling UL transmissions are as follows: 
· Explicit indication
· The gNB determines based on provided FFPs and/or the DL or UL transmissions the conditions that are met. 
· The gNB explicitly indicates to the UE by a DCI whether behavior A or B is applicable based on the corresponding fulfilled condition.
· Implicit indication
· The UE determines based on provided FFPs and/or the DL or UL transmissions the conditions that are met. 
· The UE determines whether behavior A or B is applicable based on the corresponding fulfilled condition.

Based on the above discussion, we propose the following aiming on the key functionalities for support UE initiated COT: 

[bookmark: _Toc47731078]FFPs for UE initiated COT and gNB initiated COT can be the same or different or mis-aligned.
[bookmark: _Toc47731079]FFP for UE initiated COT can be provided to the UE by SIB or dedicated RRC configuration.
[bookmark: _Toc47731080]With respect to channel access procedures, UE/gNB behaviors for gNB initiated COT can be used as the baseline for the UE/gNB behaviors in case of UE initiated COT by exchanging the UE and gNB roles in the procedures.
[bookmark: _Toc47731081]If a UL transmission starting time is aligned with the beginning of the FFP provided UE-initiated COT, a UE upon a successful CCA of 9 us, can transmit.
[bookmark: _Toc47731082]Support both Implicit and explicit indications of the channel access 

[bookmark: _Toc26190243]2.2	Harmonizing UL configured grant
In our view, a use case for developing a feature in specification, e.g. operation on unlicensed band, should not limit the usage of the feature for other use cases. This view is aligned with the design principal adopted for NR as a toolbox where different tools could be used for different use cases. Artificial restrictions and fragmentations instead of utilizing the commonality and reusing the already existing features, would produce unnecessary specification works instead of reusing the already existing features.
[bookmark: _Toc47731073]Features should be specified based on their functionalities, not use cases.
When operating in controlled environments, the LBT procedures should be considered almost-always successful in such environments, resulting in similar availability as in licensed channels. The impact of sporadic LBT failures is relatively comparable with occasional misdetections or erroneous receptions due to interference that occur even in licensed bands. Hence, with respect to requirements on high reliability, the operation would be comparable as in licensed bands.
[bookmark: _Toc47731074]URLLC operation in unlicensed is motivated in controlled environments.
[bookmark: _Toc47731075]URLLC operation in controlled environments in unlicensed bands is similar to operation in licensed bands
Many of the features introduced for configured grant in unlicensed spectrum where mainly motivated by the possibility of LBT failure and the negative impact on the performance if Rel-15 configured UL grant   to be used in unlicensed spectrum. For this reason, the autonomous retransmission was introduced for NR-U CG. Using this feature, a UE can attempt to (re)transmit a PUSCH on any CG resource to cope with LBT failures, or failed reception due to interference. However, enabling autonomous retransmission has introduced fundamental changes to the Rel-15 behavior and the introduction of new components, i.e., support of new UCI type, and monitoring of a new DCI (CG-DFI). The changes were not limited to RAN1, but also RAN2 e.g. support of implicit NACK if no feedback is received, as we describe in [3],. 
In Rel-16, CG NR-U is conditioned on the support of those components. However, it seems the burden added by those features on the UE implementation is not negligible. Moreover, those enhancements would only be needed in the worst-case scenario where significant interference is observed in the network. This restriction completely ignores the possibility of operating NR-U in a controlled environment, where the LBT failures are negligible or even not present. This has been already considered in Rel-16 NR-U to motivate FBE channel access mechanism.
FBE is mainly to be used in controlled environments where it can be guaranteed that external interference will rarely occur and LBT failure can be minimized if not completely avoided. Technically, allowing autonomous retransmission is not fundamentally needed in this scenario. In fact, if CG is configured exactly as defined in Rel-15, the system will operate well enough especially in an environment where external interference is not expected to occur often. In addition, autonomous retransmission in Rel-16 has been designed mainly aiming to enhance UE performance in an LBE scenario. Hence, it is less necessary to also apply it for an FBE scenario. Therefore, there is no need to always mandate autonomous retransmission for a UE in unlicensed operation. It is not clear why those enhancements are mandated, even for deployments or certain type of devices where they will not add value. 
[bookmark: _Toc47731076]Rel-16 NR-U CG has a robust design and is suitable for operation in unlicensed bands and in uncontrolled environments.
[bookmark: _Toc47731077]Rel-16 URLLC CG is suitable for operation in licensed bands and controlled environments. 

The first step for this to work is to allow disabling of autonomous retransmission by not mandating the configuration of the higher layer parameter (cg-RetransmissionTimer) when operating on unlicensed spectrum, which is the case in Rel-16. If the cg-RetransmissionTimer is not configured, UE falls back to Rel-15 CG behaviors, which means: the UE is not expected to send CG-UCI, monitor CG-DFI, or perform autonomous retransmission. Instead, it follows Rel-15 behaviour for assigning a CG transmission to a HARQ process ID. Therefore, we propose the following:

[bookmark: _Ref40452848][bookmark: _Toc47731083]Configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 and Type 2 are configured on unlicensed spectrum.
[bookmark: _Ref40452861][bookmark: _Toc47731084]DFI flag in DCI 0_1 is not present if the higher layer parameter (cg-RetransmissionTimer) is not configured 
[bookmark: _Ref40452892][bookmark: _Toc47731085]The UE is expected to send CG-UCI in every PUSCH only when the higher layer parameter (cg-RetransmissionTimer) is configured
[bookmark: _Ref40452911]4	Conclusion
In this contribution, we discussed our view for the enhancements identified in the WID for operation of URLLC in the unlicensed band and made the following observations:
Observation 1	Support of UE initiated channel occupancy for semi-static channel access mode is crucial to improve uplink performance, latency reduction gains for IIOT/URLLC applications and UE power consumption.
Observation 2	UE and gNB behavior corresponding to UE-initiated COT is similar to those specified in Rel-16 for gNB-initiated COT where the UE and gNB behaviors can be exchanged.
Observation 3	From the regulation perspective, there is no requirement on alignment between FFPs associated to UEs or gNB for initiating the corresponding COTs.
Observation 4	The configuration, applicability and management of gNB and UE initiated COTs are up to the gNB.
Observation 5	Features should be specified based on their functionalities, not use cases.
Observation 6	URLLC operation in unlicensed is motivated in controlled environments.
Observation 7	URLLC operation in controlled environments in unlicensed bands is similar to operation in licensed bands
Observation 8	Rel-16 NR-U CG has a robust design and is suitable for operation in unlicensed bands and uncontrolled environments.
Observation 9	Rel-16 URLLC CG is suitable for operation in unlicensed bands and controlled environments.

Based on the discussion, we made the following proposals:

Proposal 1	FFPs for UE initiated COT and gNB initiated COT can be the same or different or mis-aligned.
Proposal 2	FFP for UE initiated COT can be provided to the UE by SIB or dedicated RRC configuration.
Proposal 3	With respect to channel access procedures, UE/gNB behaviors for gNB initiated COT can be used as the baseline for the UE/gNB behaviors in case of UE initiated COT by exchanging the UE and gNB roles in the procedures.
Proposal 4	If a UL transmission starting time is aligned with the beginning of the FFP provided UE-initiated COT, a UE upon a successful CCA of 9 us, can transmit.
Proposal 5	Support both Implicit and explicit indications of the channel access
Proposal 6	Configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 and Type 2 are configured on unlicensed spectrum.
Proposal 7	DFI flag in DCI 0_1 is not present if the higher layer parameter (cg-RetransmissionTimer) is not configured
Proposal 8	The UE is expected to send CG-UCI in every PUSCH only when the higher layer parameter (cg-RetransmissionTimer) is configured
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