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1. Introduction
The work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR [1] specifies the below as one objective: 
[bookmark: _Hlk26864288]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 mainly address how features related to UL configured-grant introduced in NR-U and URLLC can be harmonized to be applicable in particular in unlicensed controlled environments. In previous meeting, the following was agreed. 
Agreements:
From RAN2 perspective
1 	It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2	cg-RetransmissionTimer can be configured optionally for shared spectrum
3	When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5	As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6	HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7	FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8	The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9	If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)

In the discussion below we differentiate between remaining open issues for the case where cg-RetransmissionTimer is and is not configured, i.e. it needs to be clarified whether LBT-failures are considered when cg-RetransmissionTimer is not configured. On the other side, when cg-RetransmissionTimer is configured, usage of LCH-based prioritization and transmission of de-prioritized data, as well as HARQ sharing needs to be clarified.
2. Discussion
2.1 	When cg-RetransmissionTimer is NOT configured
As agreed, operation in shared spectrum is also allowed without configuring the cg-RetransmissionTimer, in which case Rel-16 URLLC mechanisms are used for HARQ process ID and RV selection and HARQ process sharing between multiple CGs is not allowed, as agreed. Naturally, also LCH-based prioritization and autonomousRetx for de-prioritized data would be configurable, i.e. legacy behaviour. The remaining open issue is whether to consider LBT-failure handling also without the cg-RetransmissionTimer being configured. While various optimizations like enhancing autonomousRetx to handle LBT-failures are theoretically possible, we think that if an operator would like to handle LBT-failures by UE autonomous actions, the operator could simply configure the cg-RetransmissionTimer. Further options would be redundant and entail complexity. Not configuring the cg-RetransmissionTimer would still be interesting in the scenario where LBT failures are very infrequent or can be avoided entirely (controlled environment) and/or when e.g. LBT-failures are handled pro-actively by network’s scheduler implementation. Thus, we propose:
Proposal 1 [bookmark: _Toc60749824][bookmark: _Toc60750720][bookmark: _Toc60750731][bookmark: _Toc60751901][bookmark: _Toc60927509][bookmark: _Toc61429263]When cg-RetransmissionTimer is NOT configured, no enhancements are needed i.e. no UE autonomous retransmissions. 
2.2 	When cg-RetransmissionTimer is configured
When cg-RetransmissionTimer is configured we see the following open questions to be discussed: 
· 1) whether the feature of LCH-based prioritization is allowed to be configured as well?
· 2) how to support autonomous transmission of deprioritized data when LCH-based prioritization is configured?
· 3) whether the feature of LCH-based prioritization only applies for overlapping CG configurations, or also within one CG configuration (LCH-priority instead of always prioritize retransmission)? 
· 4) whether when LCH-based prioritization is configured, HARQ processes are shared among CG-configurations?
Regarding the first question, we believe in the usefulness of LCH-based prioritization in any scenario, independent of spectrum type and independent of whether LBT-failure are to be corrected by cg-RetransmissionTimer. Same as in licensed spectrum, also in shared spectrum, prioritization of different priority data on overlapping grants should be possible, i.e. with the help of LCH-based prioritization. 
Let’s consider the following example; one scenario where LCH-based prioritization becomes useful is where frequent robust CG resources need to be provided for urgent URLLC traffic, if available, while at the same time in order to uphold a high system capacity, larger efficient resource allocations are provided for eMBB. LCH-based prioritization in this case enables spectral efficiency, as both resource types can be overlapping, while still prioritizing URLLC when needed. In shared spectrum both URLLC and eMBB would be typically mapped to different CG configurations, in which case LCH-based prioritization would operate between CG configurations. Especially in shared spectrum where LBT failures might occur, in order to guarantee low latency, frequent CG should be allocated, to retransmit on the next CG if needed. Only with support for LCH-based prioritization, these frequent CG resources do not need to be reserved for URLLC exclusively but can be reused for eMBB, if not needed for URLLC.
And further below, we explain how LCH-based prioritization can work together with cg-RetransmissionTimer without further specification complexity. 
Thus, we propose:
Proposal 2 [bookmark: _Toc60749825][bookmark: _Toc60750721][bookmark: _Toc60750732][bookmark: _Toc60751902][bookmark: _Toc60927510][bookmark: _Toc61429264]LCH-based prioritization can be configured with cg-RetransmissionTimer. 
[bookmark: _Hlk60843544]With the support of LCH-based prioritization, the follow-up question (i.e. question 2) is how transmission of down-prioritized data is handled. Current specification relies on gNB scheduling a retransmission grant or autonomousTx as introduced in Rel-16 IIOT. The question is, if autonomousTx is configured, how to harmonize autonomous transmission of deprioritized data and (re)-transmission of pending data due to LBT-failure. According to our understanding of current specifications, the features can be configured and work as follows: 
· When lch-basedPrioritization is configured, UE declares overlapping grants as prioritized and deprioritized according the LCH priority of the data on the grants. This applies  independent of whether they correspond to new transmissions or retransmissions (e.g. triggered by cg-RetransmissionTimer).   
· When cg-RetransmissionTimer is configured, for each grant (CG occasion), the UE either chooses a HARQ process ID of an used process for retransmission (e.g., if pending or cg-RetransmissionTimer expired), or transmits new data on an unused HARQ process with an ID chosen by the UE. At any CG occasion (for each grant), the UE is supposed to prioritize  retransmissions before new transmissions.
· Note that a sub-question (i.e. question 3), as further discussed below, is whether the choice between new transmission and retransmission within one CG configuration should depend on LCH-based priority as well. 
· The parameter autonomousTx, in the HARQ entity branch for a new transmission, determines whether transmission of previously deprioritized data should take place or not. It is noteworthy that this behavior is for the “new transmission HARQ entity” branch which is independent from the “retransmission HARQ entity branch” which is made use of by cg-RetransmissionTimer for retransmission of failed or pending HARQ.  
In conclusion, our understanding is that the features of cg-RetransmissionTimer and autonomousTx can indeed be configured together and work as intended without further procedural specification changes.
Proposal 3 [bookmark: _Toc52527074][bookmark: _Toc54100067][bookmark: _Toc54165370][bookmark: _Toc54189112][bookmark: _Toc54215997][bookmark: _Toc54268424][bookmark: _Toc54278422][bookmark: _Toc54290380][bookmark: _Toc60738258][bookmark: _Toc60749826][bookmark: _Toc60750722][bookmark: _Toc60750733][bookmark: _Toc60751903][bookmark: _Toc60927511][bookmark: _Toc61429265]Support IIoT autonomous transmission of deprioritized transmission and NR-U CG retransmission together, without specification changes needed.
[bookmark: _Toc54215998]It was agreed at last RAN2 meeting as a baseline for when cg-RetransmissionTimer is configured that HARQ process sharing between multiple CGs are allowed as in Rel-16 NR-U. This was not the case when lch-basedPrioritization is configured in Rel-16 (in MAC specification 38.321 this condition of HARQ process sharing is coupled with cg-RetransmissionTimer though). We should thus discuss the behaviour when both cg-RetransmissionTimer and lch-basedPrioritization are configured together (question 4). We note that in both cases we take for granted that UE selects the HARQ process ID, as it is required when cg-RetransmissionTimer is used (i.e. formula for HARQ process ID is not used). The question on HARQ process sharing (i.e., question 4) is also tightly coupled to the question on whether LCH-based prioritization should be applied within one CG configuration (i.e., question 3). We see the following options as approaches: 
	
	LCH-based prioritization 
only between CGs configs

Follows Rel-16 behavior, assumes different priority data on different CG configurations.


	LCH-based prioritization 
also within each CG config

New behavior for LCH multiplexing/assembly algorithm, assumes different priority data within one CG configuration.


	HARQ processes shared

Dependency of prioritization of retransmission HARQ processes and LCH-based prioritization of HARQ processes for the shared HARQ process pool.




	
· With current behaviour, for the shared HARQ process pool, either UE chooses for both CG configurations the same HARQ process for retransmission or the choice is UE-defined for new transmissions
· The configuration defeats the purpose of network-controlled LCH-based prioritization among CGs. HARQ process sharing more suited for same priority data, i.e. not LCH-based prioritization.

	
· LCH-based prioritization always overrides retransmission choice. 
· Need to change LCH multiplexing/assembly algorithm (complexity)
· LCH-based prioritization overrides retransmission prioritization: HARQ process retransmission buffer may need to get flushed if the initial transmission has new data with higher LCH-based priority;

	HARQ processes NOT shared

Independent HARQ process pools between CGs. 

Transmission of pending HARQ due to LBT failure of one CG configuration cannot take place in resources of other CG.

Rel-16 behavior when cg-retransmissionTimer not configured.
	
· UE prioritizes retransmission within each CG, and in CG overlapping case, LCH-based prioritization applied between CG choices. 
· Need to define e.g. in NOTE that HARQ processes are not shared when lch-basedPrioritization is configured.
· HARQ process retransmission buffer is never overridden/flushed (because retransmissions prioritized).
	
· LCH-based prioritization always overrides retransmission choice. 
· Need to change LCH multiplexing/assembly algorithm (complexity)
· Need to define e.g. in NOTE that HARQ processes are not shared when lch-basedPrioritization is configured.



Firstly, we don’t see any use-case scenario that would justify the complexity in both the specification and UE implementations that would be introduced with LCH-based prioritizations within one CG. The network has the possibility to configure different configured grant configurations to separate data of different priority, and overlapping occasions are handled with LCH-based prioritization, i.e. following the intention of Rel-16. Secondly, we don’t see any benefits of HARQ process sharing together with LCH-based prioritization between CGs, as it is equivalent to LCH-based prioritization within one CG for those overlapping HARQ process pools and it contradicts the network intention of LCH-based prioritization where different priority data is assumed separated on the different CGs. In conclusion, we propose:
Proposal 4 [bookmark: _Toc60750723][bookmark: _Toc60750734][bookmark: _Toc60751904][bookmark: _Toc60927512][bookmark: _Toc61429266]When LCH-based prioritization is configured, HARQ process sharing between configured grant configurations is not allowed, independent of cg-RetransmissionTimer. 
Proposal 5 [bookmark: _Toc60750724][bookmark: _Toc60750735][bookmark: _Toc60751905][bookmark: _Toc60927513][bookmark: _Toc61429267]LCH-based prioritization applies only for overlapping CGs and is not applied for prioritization between transmission and retransmission within one CG. 
3. Conclusion
In the previous sections we made the following proposals: 
Proposal 1	When cg-RetransmissionTimer is NOT configured, no enhancements are needed i.e. no UE autonomous retransmissions.
Proposal 2	LCH-based prioritization can be configured with cg-RetransmissionTimer.
Proposal 3	Support IIoT autonomous transmission of deprioritized transmission and NR-U CG retransmission together, without specification changes needed.
Proposal 4	When LCH-based prioritization is configured, HARQ process sharing between configured grant configurations is not allowed, independent of cg-RetransmissionTimer.
Proposal 5	LCH-based prioritization applies only for overlapping CGs and is not applied for prioritization between transmission and retransmission within one CG.
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