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1. Introduction

It has been agreed in RAN#88-e meeting [1] that Uplink enhancements for URLLC in unlicensed controlled environments is one of the objectives for NR_IIOT_URLLC_enh. Furthermore RAN2 should investigate whether there are RAN enhancements necessary in order to support new QoS related parameters such as e.g. survival time, burst spread.
2. 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
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 

The intention is to check if Release 16 features need any additions to enable operation on FR1, especially in controlled environments, which assumes an environment which contains only devices operating on the unlicensed band installed by the facility owner and where unexpected interference from other systems and/or radio access technology only sporadically happens.
In this contribution, we would like to provide our views on the potential cases which should be discussed by RAN2 in Rel-17.
2. Discussion
In the last RAN2 meeting, there was an initial discussion on the harmonization of Rel-16 CG for URLLC in the unlicensed spectrum. It was debated whether I-IoT autonomous transmissions and NR-U CG retransmission timer can be configured together. Also RAN1 had related discussion in their last meeting. With respect to this objective in the WID, companies considered the following high level options for I-IOT (URLLC) operations in controlled environment in unlicensed bands:

· Option 1: Operation based on only URLLC CG features

· Option 2: Operation based on either URLLC CG features or NR-U CG features (NW configurability between two independent operational modes)

· Option 3: Operation based on combined URLLC and NR-U CG features

Even though no conclusion could be reached w.r.t a preference among the three options, following agreement was made:

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.
Since the configuration of cg-RetransmissonTimer is mandated in unlicensed, companies expressed that this parameter should be also optional similarly to other parameters. Therefore, irrespective of whether any feature would be combined or not, it would be beneficial to have this parameter as optional. 
In a scenario where cg-RetransmissonTimer is not configured and the mobile communication system is operated in a shared spectrum access, even though we have a controlled environment, LBT failure may still occur as confirmed in the last meeting by other companies. For such cases, there is the risk that high priority data may be lost since the autonomous retransmission functionality specified for Rel-16 NR-U is not supported (auto-retransmission is tied to cg-RetransmissonTimer). Therefore, we think that some solution is needed for the case where cg-RetransmissonTimer is not configured in order to avoid the loss of data.
Observation 1: In a scenario where cg-RetransmissonTimer is not configured, the autonomous retransmission functionality specified for Rel-16 NR-U is not supported which may lead in turn to the loss of data when LBT failure occurs.
We think that a straightforward solution would be to reuse the autonomous (re)transmission functionality specified for I-IOT also for the cases of LBT failure when cg-RetransmissonTimer is not configured. Basically UE would consider an CG UL grant as de-prioritized for cases when the corresponding uplink transmission, e.g. PUSCH transmission, cannot be performed due to an LBT failure, i.e. UE switches the priority status of an UL grant from prioritized to deprioritized upon receiving a LBT failure indication for the corresponding UL transmission from lower layers. Accordingly, UE will autonomously (re)transmit the data of the deprioritized UL grant in one of the subsequent CG grants associated with the same HARQ process.
Proposal 1: In a scenario where cg-RetransmissonTimer is not configured, the autonomous (re)transmission functionality specified for Rel-16 I-IOT is reused for handling LBT failures, i.e. UE considers an CG UL grant as de-prioritized for cases when the corresponding uplink transmission can’t be performed due to an LBT failure.

For cases when cg-RetransmissonTimer and lch-basedPrioritization is configured concurrently, e.g. in option 3, some new scenarios should be looked at which are discussed in the following.

For cases where an autonomous retransmission (opportunity) collides with another UL transmission, the expected UE behavior needs to be defined. In Rel-16 NR-IIoT, retransmissions can be triggered only by UL DCI/grant. It has been specified for NR-U that the UE shall prioritize retransmissions over initial transmissions. If the principle is directly applied to URLLC enhancement for unlicensed controlled environments, it could happen that a high priority initial transmission is delayed by a low priority retransmission which cannot be accepted from the performance perspective of high priority traffic. Therefore, it is necessary to discuss how to determine the priority between initial transmission and retransmission when autonomous retransmission functionality is applicable to URLLC enhancements in unlicensed controlled environments. We think that autonomous retransmission should be handled as any other CG transmission and hence UE shall perform the UL grant prioritization functionality also for autonomous retransmissions, i.e. retransmission triggered by LBT failure. To be more specific, for cases when a retransmission opportunity, e.g. configured uplink grant, for an autonomous retransmission collides with some other UL grant or UL transmission, UE compares the priority of the two colliding UL transmissions and chooses the higher priority uplink transmission for further processing/transmission. The priority of the UL transmission/grant is determined based on the rules specified in Rel-16 for IIOT. If the overlapping uplink transmission has a higher priority than the autonomous retransmission, UE will continue with the higher priority uplink transmission and postpone the autonomous retransmission to a later UL CG grant. Basically UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink transmission, e.g. on PUSCH, which has a higher priority.

The figure 1 below shows one exemplary scenario. UE/MAC has a configured uplink grant in slot n. Due to an LBT failure - as notified by lower layer – the corresponding transmission cannot take place in slot n. Accordingly the associated HARQ process is switched to respectively considered as pending, i.e. autonomous retransmission is triggered. Slot n+4 provides in this example the earliest transmission opportunity, i.e. configured uplink grant, where the autonomous retransmission can take place. Following the legacy Rel-16 specified UE behavior for NR-U, UE would perform the autonomous retransmission in slot n+4 regardless of the existence of any overlapping uplink transmission which may carry higher priority data. However, we propose, that UE compares the priority of the overlapping configured grant, i.e. CG2, in slot n+4 with the priority of the autonomous retransmission, i.e. TB pending in the HARQ buffer. Since CG 2 has a higher priority in this example than the autonomous retransmission, i.e. TB pending for autonomous retransmission on CG 1, UE will transmit the prioritized grant, i.e. CG2, and postpone the autonomous retransmission to a later subsequent uplink configured grant satisfying the criteria for an autonomous retransmission.  
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Figure 1
Proposal 2: UE shall perform the UL grant prioritization functionality defined for Rel-16 I-IOT also for autonomous retransmissions, e.g. retransmission triggered by LBT failure, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently. 
As shown in the figure above, there may be a scenario where an UL grant is deprioritized and the corresponding HARQ process is pending. This will lead to a situation where two autonomous (re)transmission functionalities are applied simultaneously by the UE, i.e. autonomous retransmission according to the Rel-16 NR-U specification and autonomous transmission according to the Rel-16 I-IOT functionality. We think that there should be only one autonomous (re)transmission mechanism applied in any case, i.e. UE/MAC only performs autonomous retransmission(s) according to the Rel-16 mechanism specified for NR-U or according to the specified Rel-16 I-IOT functionality. This could be for example achieved by defining that an UL grant being associated with a HARQ process which is pending, e.g. LBT failure occurred for the corresponding UL grant/transmission, is always considered as a prioritized UL grant. In this case UE would only apply the autonomous retransmission functionality defined for Rel-16 NR-U.

Proposal 3: RAN2 to discuss a solution which ensures that UE only applies one autonomous (re)transmission mechanism, i.e. UE/MAC only performs autonomous retransmission(s) according to the mechanism specified for Rel-16 NR-U or according to the specified Rel-16 I-IOT functionality, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently.    
According to current MAC specification, UE performs LBT for each UL transmission, including UL transmissions on the configured uplink grant which is delivered to the HARQ entity. In other words, for UL grants/TBs which are not delivered to the HARQ entity UE will not perform LBT. The related content is highlighted in the appendix. For cases when two UL grants are colliding/overlapping, the delivered uplink grant to the HARQ entity in Rel-16 NR-IIoT is a prioritized grant. It may happen though – when operating in a shared spectrum - that UE cannot perform a transmission on the prioritized grant due to LBT failures. An exemplary scenario highlighting the issue is shown in Figure 2.
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Figure 2 illustrates a potential wastage of UL resource following the current MAC procedure
It may be beneficial when UE also performs LBT procedure for a deprioritized grant, i.e. UE has generated TB for the deprioritized grant, in order to increase the likelihood that UE performs at least one transmission, i.e. LBT is successful for at least one of the two UL grants. For cases when LBT fails for the prioritized grant, but is successful for the deprioritized grant (the overlapping deprioritized grant may start later then the prioritized UL grant), it will be beneficial from resource point of view when UE is allowed to perform the transmission on the deprioritized UL grant.

Therefore, we think that it is necessary to discuss how to handle the potential waste of resources for cases when a UL transmission can’t be performed on a prioritized UL grant due to LBT failure.
Proposal 4: RAN2 is kindly requested to discuss how to handle the potential waste of resources for cases when a UL transmission can’t be performed on a prioritized UL grant due to LBT failures. 
For operation in unlicensed spectrum, especially in a semi-static channel access (operation according to Frame-Based Equipment), downlink and uplink transmissions are allowed after a node such as a gNB or a UE has acquired the shared channel by a successful clear channel assessment, following a listen-before-talk (LBT) procedure. The procedures for gNBs and UEs acquiring a channel occupancy time (COT) have been specified in 3GPP NR Rel-16. However it has not been specified yet how a UE may initiate a channel occupancy (CO) in semi-static channel access. 

One motivation for a UE to initiate a CO is to reduce the latency of the configured grant PUSCH transmission as the gNB is not aware if there is any data to be transmitted by the UE and the gNB may not have any DL or UL data/control/reference signal to schedule/transmit and hence may not intend to sense the channel to acquire a COT. Allowing only a limited set of UEs under certain conditions to initiate a CO instead of allowing a lot of UEs (or most UEs capable of UE CO initiation) to initiate a COT at the beginning of a frame period can have certain advantages. In one example, allowing UEs only with high priority (HP) data/control to initiate a CO can be useful to give them a chance to use the beginning of the CO to send their HP data/control. For instance, as shown in the figure 3 below, assume that two UEs have e.g. overlapping configured grant resources to that both UEs would compete for access to the shared resource. As an outcome of the clear channel assessment (CCA), it may happen that only one of them detects the channel as idle while the other detects it as busy, so that only one of the UEs would transmit its data; in such a case, there is a high likelihood that the corresponding transmission can be received correctly. However it may also happen that both UEs detect the channel as idle during their respective CCA procedure, so that both are accessing the channel simultaneously, leading to collisions on the channel and consequently to a high likelihood that neither transmission can be received correctly. It may also happen that both UEs detect the channel as busy, so that neither will transmit.
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Figure 3
Therefore, RAN2 should investigate mechanisms aiming to decrease the likelihood of a collision of transmissions from different UEs. We think that similar to the prioritization scheme introduced for IIoT in Rel-16, a UE should be only allowed to access the channel if the associated UL grant is a prioritized grant, e.g. UE that intends to access the channel should compare its transmission priority to a threshold level. The UE is only allowed to access the channel if the determined transmission priority exceeds the threshold level.
Proposal 5: RAN2 should investigate prioritization mechanisms aiming to decrease the likelihood of a collision of transmissions from different UEs for UE initiated CO in semi-static channel access.                                                                                           
Conclusion
In this contribution, the potential cases that could be included in the enhancements for URLLC in unlicensed controlled environments are illustrated and the following proposals are given:
Observation 1: In a scenario where cg-RetransmissonTimer is not configured, the autonomous retransmission functionality specified for Rel-16 NR-U is not supported which may lead in turn to the loss of data when LBT failure occurs
Proposal 1: In a scenario where cg-RetransmissonTimer is not configured, the autonomous (re)transmission functionality specified for Rel-16 I-IOT is reused for handling LBT failures, i.e. UE considers an CG UL grant as de-prioritized for cases when the corresponding uplink transmission can’t be performed due to an LBT failure.
Proposal 2: UE shall perform the UL grant prioritization functionality defined for Rel-16 I-IOT also for autonomous retransmissions, e.g. retransmission triggered by LBT failure, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently.
Proposal 3: RAN2 to discuss a solution which ensures that UE only applies one autonomous (re)transmission mechanism, i.e. UE/MAC only performs autonomous retransmission(s) according to the mechanism specified for Rel-16 NR-U or according to the specified Rel-16 I-IOT functionality, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently.  
Proposal 4: RAN2 is kindly requested to discuss how to handle the potential waste of resources for cases when a UL transmission can’t be performed on a prioritized UL grant due to LBT failures
Proposal 5: RAN2 should investigate prioritization mechanisms aiming to decrease the likelihood of a collision of transmissions from different UEs for UE initiated CO in semi-static channel access.
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Annex
An overview of the CG features developed/enhanced in Rel-16 is given in the following. For this purpose, Table 1 provides a list of the UL CG features for Rel-16 NR-U and Rel-16 I-IOT (URLLC) that can be easily compared with. It can be observed that NR-U CG design aims to improve robustness to combat LBT failures while I-I-IOT (URLLC) CG design aims to reduce latency and ensuring high reliability. 

Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 I-IOT (URLLC) 

	CG features
	Rel.16 I-IOT (URLLC)
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO

{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to ‘off’, the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential Tos are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any Tos depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG transmission failure

(MAC PDU has been generated but fails to transmit)
	Autonomous transmission.

For a CG, if the MAC PDU is generated but the CG is de-prioritized, the MAC PDU can be autonomously transmitted using the next CG occasion associated with the same HARQ process ID, if no retransmission grant is scheduled by the gNB.
	Autonomous retransmission.

If the MAC PDU is generated for a CG, but LBT failure is indicated by the lower layer, the HARQ process is considered as pending. The TB can be retransmitted using a configured grant belonging the same or different configured grant configuration, as long as they have the same TBS.

	CG Retransmission
	Retransmission is scheduled by the gNB with CS-RNTI.


	Retransmission can be scheduled by the gNB with CS-RNTI.

Autonomous retransmission use configured grants: for a HARQ process, if configuredGrantTimer is running while cg-RetransmissionTimer is not running, e.g. no DFI received, the TB can be retransmitted using a configured grant belonging the same or different configured grant configuration, as long as they are with the same TBS.
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