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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 address remaining FFS resulting from the discussions and agreements from previous meetings, see below. 
	Agreements (RAN2#114):
From RAN2 perspective
1 	When both of lch-based Prioritization and cg-RetransmissionTimer are configured, HARQ processes sharing between multiple CG configurations are allowed. No specification change is required.
2 	RAN2 confirm that neither autonomous transmission nor autonomous retransmission is triggered if UL grant is prioritized and LBT fails while AutonomousTx is configured and cg-RetransmissionTimer is not configured. No specification change is required.
3 	RAN2 confirm that autonomous retransmission is triggered if UL grant is prioritized and LBT fails while AutonomousTx is not configured and cg-RetransmissionTimer is configured. No specification change is required.
4 	RAN2 confirm that autonomous retransmission is triggered if UL grant is prioritized and LBT fails while AutonomousTx and cg-RetransmissionTimer are configured. No specification change is required.
5 	RAN2 confirm that autonomous transmission is triggered if UL grant is deprioritized while AutonomousTx is configured and cg-RetransmissionTimer is not configured. No specification change is required.
6 	RAN2 confirm that autonomous transmission is triggered if the transmission of the obtained MAC PDU has not been completely performed and if UL grant is deprioritized while AutonomousTx and cg-RetransmissionTimer are configured. No specification change is required.
7 	The HARQ process is kept as pending even if a CG is de-prioritized while the HARQ state of the associated HARQ process is pending (i.e. MAC PDU hasn’t been transmitted). No specification change is required.
8 	When cg-RetransmissionTimer and lch-basedPrioritization are configured, for overlapping CGs, the MAC entity prioritizes the initial transmission of higher priority data over autonomous retransmission of lower priority data. FFS how to implement this in Rel-17 after some of the Rel-16 discussion takes place.

	Agreements (RAN2#115):
From RAN2 perspective
1 	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism is used for HARQ process ID and RV selection.
2	When cg-RetransmissionTimer and lch-basedPrioritization are configured, for overlapping CGs that do not share HARQ processes, the MAC entity prioritizes the initial transmission of higher priority data over autonomous retransmission of lower priority data. No specification change is foreseen.
3	The same HARQ PID selection rule applies to all CGs when HARQ processes are shared between multiple CG configurations with non-overlapping CG occasions and with the same TBS. No specification change is foreseen.
4	It is up to NW implementation to appropriately configure CGs that share HARQ processes with autonomousTx. No specification change is foreseen.
5	When lch-basedPrioritization and cg-RetransmissionTimer are both configured, the gNB can configure the UE per MAC entity whether it follows Rel-16 baseline or whether it prioritizes high priority data when selecting HARQ PID for a CG (i.e. option 2 is configurable).  
6	The same HARQ PID selection rule applies to all CGs when HARQ processes are shared between multiple CG configurations with overlapping CG occasions with the same TBS. No specification change is foreseen.



The structure of the paper is:
· Section 2.1: elaboration of our views for continuation of previous meeting’s agreements [3] and in view of the running MAC CR discussion [5].
· Section 2.2: one aspect that was mentioned but not included in the previous discussions.
2. Discussion
2.1. HARQ Process ID selection 
In the previous RAN2 meeting [4], it was agreed that when both cg-RetransmissionTimer and lch-basedPrioritization are configured together, the gNB can configure the UE per MAC entity whether to follow Rel-16 baseline or prioritize high priority data when selecting the HARQ Process ID for a CG. This agreement is captured in the running CR [5] as the parameter “intraCG-Prioritization” will be used for indicating that the gNB enables the prioritization of high priority data for the HARQ Process ID selection where the priority is defined by the logical channel priority of the data multiplexed. Following the agreement and the CR, there is an open issue about the prioritization of the HARQ processes in the case when cg-RetransmissionTimer, lch-basedPrioritization and intraCG-Prioritization are configured, and the HARQ processes have equalpriority. 
The prioritization between initial transmission of higher priority data and retransmission of lower priority data has been discussed in both e-mail discussions [2] and [3]. The clarification in Rel-16 for NR-U behaviour explicated that UE shall prioritize the retransmission before initial transmission for HARQ Process ID selection. In the case that HARQ processes have the same priority, based on the arguments below, we propose that the HARQ process of the retransmission is prioritized before the HARQ process of the initial transmission. Since the priority of the data is equal, there is no reason not to follow the Rel-16 NR-U principle in which the data priority is not considered in HARQ process ID selection. Additional problems may occur if either initial transmission is prioritized or the prioritization is up-to UE implementation: 
1) Prioritization of HARQ process of initial transmission is prioritized over the HARQ process of the retransmission may happen repeatedly. Subsequent HARQ retransmission de-prioritizations (without possibility to transmit) would lead to data loss eventually on the MAC layer due to configuredGrantTimer expiry (i.e., can only be recovered by high layer retransmissions, such as RLC). If the HARQ Process ID of retransmission data is prioritized, the retransmission data has the opportunity for retransmission before the HARQ process buffer is flushed upon configuredGrantTimer expiry. (Noting that such issue does not apply for initial transmission since the configuredGrantTimer has not started yet.)
2) gNB may already have a HARQ soft-buffer for the HARQ process of the retransmission. Prioritization of HARQ process of retransmission data allow the retransmission to be received in the gNB first and allows to reduce memory usage at the gNB. 
In conclusion, based on the advantages stated above, we propose that: 
Proposal 1 [bookmark: _Toc85724174]When lch-basedPrioritization, cg-RetransmissionTimer and intraCG-Prioritization are configured, if the priortiy of HARQ processes of retransmission and initial transmission are equal, HARQ Process ID of the retransmission is selected.
On the other hand, if there are multiple HARQ processes with the same priority and all of them would be used for initial transmission OR retransmission, it is up-to UE implementation on which HARQ process to choose, the same as in Rel-16 NR-U. 

There are cases when the UE transmits MAC PDUs with MAC CE only or padding but no data for logical channel. In the case when the mentioned empty MAC PDU is to be retransmitted, the content of the PDU is not high priority compared to any other data. This is to follow the legacy Rel-16 LCH-based prioritization rule defined in the IIoT work item.  
Proposal 2 [bookmark: _Toc85724175]When lch-basedPrioritization, cg-RetransmissionTimer and intraCG-Prioritization are configured, the priortiy of HARQ processes with no data from any LCH is the lowest. 

2.2. Multi-TB scheduling in CG and without cg-retransmissionTimer
One aspect that was not yet discussed in the previous discussions is whether the HARQ process ID formula is also usable when cg-RetransmissionTimer is not configured, but multiple consecutive slots within an CG period are configured, i.e. based on parameter cg-nrofSlots (or cg-nrofPUSCH-InSlot). These features were introduced in NR-U for allowing to have subsequent CG occasions per CG period, in order for the UE to autonomously transmit pending HARQ processes soon after an LBT failure (when cg-retransmissionTimer is configured and UE chooses HARQ ID, since the features are specified as UE feature (FG 10-28), only supported for unlicensed in Rel-16).  In the case the HARQ formula is used, as agreed for Rel-17 when cg-retransmissionTimer is not configured, as well as when multi-TB scheduling is configured, the HARQ formula, as currently specified, erroneously indicates the same HARQ ID for each of the slots/occasions within the same CG period. This is wrong in case when multiple TBs are used for different data, i.e. when repetitions are not configured. 
One option is to allow UE to choose HARQ processes by indicating HARQ process ID in the CG-UCI. But Ran1 rules out the possiblity to use CG-UCI without cg-retransmissionTimer, i.e., CG-UCI is enabled/disabled also by the RRC parameter cg-RetransmissionTimer-r16. Thus, there are the only two following options to solve this issue as part of the NR-U CG harmonization work: 
· A) Correct the HARQ formula: considering the multiple occasions per period in the formula for the HARQ ID, leading to different HARQ IDs for the occasions. 
· B) Disallow multi-TB scheduling without cg-retransmissionTimer: i.e. only allow it when UE chooses the HARQ ID itself. This would consider that multi-TB scheduling is only considered useful when LBT-failures are assumed typical (in the scenario when cg-retransmissionTimer is configured), and thus subsequent transmission occasions per period are useful to retransmit a pending HARQ processes. It is noted that a similar behavior as multi-TB scheduling could be achieved with an alternative configuration i.e. by allocating CG with short periodicity or multiple parallel CG configurations. Example: instead of cg-nrofSlots = 3 one could configure 3 CG configurations with the same period but offset of 1 after each other.  
We believe that the benefits of cg-nrofSlots (and cg-nrofPUSCH-inSlot) can be achieved likewise with configuring multiple CG configurations with high periodicities, for the case when cg-retransmissionTimer is not configured, thus we believe there is no need to do any modification of the HARQ formula. 
In Rel-16, multi-TB CGs are NOT supported for licensed band. It is a UE capability restriction. The capability bit “cg-resourceConfig-r16” is only in the IE SharedSpectrumChAccessParamsPerBand. For Rel-17, the similar restriction can be kept. 
Proposal 3 [bookmark: _Toc85724176]As in Rel-16, multi-TB scheduling in CG is not supported on licensed bands. 
3. Conclusion
In the previous sections we made the following proposals: 
Proposal 1	When lch-basedPrioritization, cg-RetransmissionTimer and intraCG-Prioritization are configured, if the priortiy of HARQ processes of retransmission and initial transmission are equal, HARQ Process ID of the retransmission is selected.
Proposal 2	When lch-basedPrioritization, cg-RetransmissionTimer and intraCG-Prioritization are configured, the priortiy of HARQ processes with no data from any LCH is the lowest.
Proposal 3	As in Rel-16, multi-TB scheduling in CG is not supported on licensed bands.
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