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1 Introduction

As achieved in RAN#88e meeting, uplink enhancement for URLLC in unlicensed controlled environments is captured in R17 URLLC WI:

·   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 NRU and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
This contribution focuses on this issue.

2 Discussion
2.1 Scenario clarification
Firstly, for URLLC over NRU, it is good to align the understanding on controlled environments. From our perspective, the status of interference is a factor to evaluate whether the environment is “controlled” or not. If interference exists, LBT operation may fail accordingly, otherwise, LBT operation will always succeed. 

If we recall the memory of RAN plenary discussion, different companies have different views. To us, it is hard to say whether interference can always be fully avoided even if no coexistence with other unlicensed technologies/networks, due to some inevitable events, including e.g. error interference detection by physical layer, co-system interference, etc. In addition, if we go to the sub-objectives of URLLC over NRU, we can see

· For UE-initiated COT for FBE, the reason to support this sub-objective is that one considers the LBT may fail when the gNB performs LBT detection, which will cause unavailable COT when the gNB needs resources.
· For harmonization of configured grant, the probability of LBT failure should be very low due to the latency requirement of URLLC. One typical/ideal scenario is without interference.

Thus, the interference may or may not be considered in the unlicensed controlled environment. Namely, scenarios with/without the constraints of LBT failure should be considered. As RAN1 is more expert in the aspect of interference/LBT failure detection, this understanding should be confirmed by RAN1.
Observation 1 Two cases are considered for unlicensed controlled environment, i.e. the case with and without LBT failure, which can be confirmed by RAN1.

2.2 UE-initiated COT for FBE
In Rel-16, NW-initiated COT for FBE is already supported. To ensure uplink transmission opportunity, UE-initiated COT for FBE is introduced as a complementary to NW-initiated COT for FBE. To us, the potential impact may more rely on RAN1 input, considering:

·  LBT related work is more in RAN1 scope.

·  Take UE-initiated COT for LBE as example, RAN2 work is triggered by RAN1. 
·  No much normative work is in RAN2 when supporting UE-initiated COT for LBE.

Thus, it is better to wait RAN1 input before RAN2 makes any solutions/decisions.
Proposal 1 For UE-initiated COT of FBE, RAN2 waits for RAN1 input first.
2.3 Harmonizing UL CG enhancements in NRU and URLLC
In general, the purposes of CG enhancement in Rel-16 NRU and URLLC are different. In details,

· In URLLC, CG mechanism is enhanced to ensure the stringent latency and reliability requirement of URLLC on licensed band. 

· In NRU, CG mechanism is enhanced to resolve LBT failure issue on unlicensed band. 

Accordingly, the features on CG related to RAN2 are also different. The Table below gives a brief summary.

Table: CG features supported in Rel-16 URLLC and NRU
	CG features
	Rel-16 URLLC
	Rel-16 NRU

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process ID determination
	Calculated based on the formula defined in TS 38.321
	Decide by UE and reported in CG-UCI

	HARQ process ID sharing among multiple CGs in the same BWP
	Not shared
	Shared 

	UE autonomous TX/ReTX
	Autonomous TX is supported when autonomousTX and LCH-BasedPrioritization are configured
	Autonomous ReTX is supported by using cg-RetransmissionTimer and/or HARQ process status

	Downlink feedback information 
	No supported.
	Supported.

If DFI is not received, UE assumes NACK. 


Obviously, each WI group has its own solutions for each feature. In URLLC on NRU, the main issue is which solution per feature is really needed. 

According to RAN1#102e meeting, it is agreed,

· 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.
Considering LBE is rarely needed in controlled case, it is clear that CG retransmission timer is optional in all controlled cases. 

Observation 2 At least for FBE, it is agreed in RAN1 that cg-RetransmissionTimer should not be mandated when CG is configured on unlicensed spectrum.

Proposal 2 In controlled environment for unlicensed spectrum, cg-RetransmissionTimer is optional when CG is configured.
Considering the configuration of cg-RetransmissionTimer can be seen as a switch for NRU feature, we can go to two branches below:

· cg-RetransmissionTimer is not configured
NRU autonomous ReTX is introduced to resolve LBT failure. For example, UE performs autonomous transmission upon cg-RetransmissionTimer expiry if no DL feedback is received due to DL LBT failure. It is unnecessary to support the feature of NRU CG autonomous ReTX if LBT failure does not exist in unlicensed controlled environment. Due to no LBT failure, URLLC performance can be fulfilled and the network can configure LCH-based prioritization and autonomousTX for URLLC.
Accordingly, it is better to follow HARQ related mechanism in Rel-16 URLLC, e.g. harq-ProcID-Offset2 is configured and HARQ ID is determined by formula. 

According to current MAC spec, no action is needed at the UE side without cg-RetransmissionTimer configuration. Thus, one left issue is how to handle DFI in this case.
Proposal 3 In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, autonomousTX can be configured to fulfil URLLC requirement.
Proposal 4 In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, HARQ process ID is determined by the formula defined in MAC spec. Accordingly, harq-ProcID-Offset2 is configured.
Proposal 5 In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, FFS on how to handle the received DFI.
· cg-RetransmissionTimer is configured 
If network considers LBT failure existing, cg-RetransmissionTimer will be configured probably. With LBT failure, we should take NRU CG mechanism as baseline to resolve LBT failure issue and to determine HARQ process, including e.g. HARQ process ID determination, HARQ process ID sharing, UE autonomous ReTX and DFI.
If RAN2 agrees to support intra-UE prioritization in this case, one further question is how to handle the deprioritized MAC PDU if LBT failure indication is not received from physical layer. Namely, the deprioritized MAC PDU is retransmitted by using NRU or URLLC autonomous mechanism. From our perspective, this issue is related to CG timer status. Thus, for the deprioritized MAC PDU, if CG timer is not running and HARQ process is not pending, we can go to the branch of new transmission and using URLLC mechanism, otherwise can go to the branch of retransmission and using NRU mechanism. Thus, RAN2 needs to confirm whether CG timer is running and what is the status of the corresponding HARQ process for the deprioritized MAC PDU.
Proposal 6 In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is configured, follow the mechanisms introduced in Rel-16 NRU to resolve LBT failure issue and to determine HARQ process.
Proposal 7 In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is configured, RAN2 discusses whether CG timer is running and what is the status of the corresponding HARQ process for the deprioritized MAC PDU.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1
Two cases are considered for unlicensed controlled environment, i.e. the case with and without LBT failure, which can be confirmed by RAN1.
Observation 2
At least for FBE, it is agreed in RAN1 that cg-RetransmissionTimer should not be mandated when CG is configured on unlicensed spectrum.


And propose the following:

Proposal 1
For UE-initiated COT of FBE, RAN2 waits for RAN1 input first.
Proposal 2
In controlled environment for unlicensed spectrum, cg-RetransmissionTimer is optional when CG is configured.
Proposal 3
In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, autonomousTX can be configured to fulfil URLLC requirement.
Proposal 4
In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, HARQ process ID is determined by the formula defined in MAC spec. Accordingly, harq-ProcID-Offset2 is configured.
Proposal 5
In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is not configured, FFS on how to handle the received DFI.
Proposal 6
In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is configured, follow the mechanisms introduced in Rel-16 NRU to resolve LBT failure issue and to determine HARQ process.
Proposal 7
In controlled environment for unlicensed spectrum, when cg-RetransmissionTimer is configured, RAN2 discusses whether CG timer is running and what is the status of the corresponding HARQ process for the deprioritized MAC PDU.
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