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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#112)
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)

	Agreements (RAN2#113):
From RAN2 perspective
1 	LCH based prioritization and cg-RetransmissionTimer can be configured together in Rel-17 (consensus)
2	Option 1: AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively.
	If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted.
3	The MAC entity stops cg-RetransmissionTimer when the CG resource associated with the timer is deprioritized due to LCH-based prioritization.
4	FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed.
5	LBT failure is not considered when determining a grant priority for intra-UE prioritization (17/22)
6	Configuring a subset of HARQ processes as “restricted processes” for transmission of data from higher priority LCHs is not supported (18/22)
7	Enhancements for handling conflicting DG-CG transmissions of the same HARQ process are not supported (18/22)




The structure of the paper is:
· Section 2.1: elaboration of our views for inconclusive issues in the email discussion [4]
· Section 2.2: one aspect that was mentioned but not included in the email discussion [4]
2. Discussion
2.1 	When cg-RetransmissionTimer is configured
Here we discuss the behaviour when both cg-RetransmissionTimer and lch-basedPrioritization are configured together. 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).
In Rel-16 IIoT, lch-basedPrioritization had been introduced to handle overlapping grants, i.e. to provide a decision basis on which of the overlapping grants is to be used. It was made dependent on which LCH has data for transmission on the grant (due to data availability and LCP-restrictions), and of course on the LCH priority. When discussing the CG-CG overlapping case, let’s first recall the purpose of multiple CG configurations, i.e. to handle traffic flows of different periodicity, size and QoS requirements. These differences motivate configuration of different CGs with different period, TBS, MCS etc. With LCP-restrictions, LCHs of different QoS could be mapped to only use suitable CG configurations. In summary, LCH-based prioritization handles the overlapping CG case. 
On the other hand, Rel-16 IIoT didn’t foresee LCH-based prioritization for different LCHs on the same CG. In fact, a single CG configuration (same TBS, MCS, period) is unable to ideally serve different LCHs such as MBB and URLLC, for which also different TBS, MCS, period are expected. We thus don’t see the need to optimize colliding transmission/retransmissions of different LCHs according to their priority within a single CG configuration. Furthermore, since this behaviour was not part of Rel-16 IIoT, we don’t consider it as part of the harmonization with NR-U targeted in this WI either. 
Moreover, we see the following issues with allowing prioritization of new transmission over retransmission within a single CG configuration, due to reasons discussed below. Solutions to these issues would require new complex standard behaviours that are beyond scope of the harmonization WI objective.
1) New transmissions for higher-priority LCHs may be prioritized over the same HARQ retransmission of a lower-priority LCH repeatedly. This raises the question of whether LCH-based prioritization should always be applied, or only up to a certain limit of HARQ retransmission de-prioritizations, since subsequent HARQ retransmission de-prioritizations (without possibility to transmit) would lead to data loss eventually on the MAC layer (i.e., can only be recovered by high layer retransmissions, such as RLC). Note that this wouldn’t be the case for CG-CG overlaps with the LCH data mapped to different CGs, since the CGs would be typically configured to have also non-overlapping resources, where de-prioritized data would be transmittable independent of the higher-priority data. 
a. One can argue that the network can send a re-transmission dynamic grant for the concerned HARQ process, but it is not always possible. Suppose the network is not aware of the initial transmission and not detecting retransmission attempts (due to LBT failures), the retransmission data may be de-prioritized numerous times in UE so that the CG timer expires and then the retransmission data is flushed and lost. And the network cannot recover it, because the network is not aware of any transmissions on this HARQ process. Note that the MAC PDU may contain only MAC CEs and it has the lowest LCH-priority in the grant prioritization procedure agreed in the Rel-16 IIoT. The MAC PDU (and the MAC CE in the PDU) would be lost. 
2) In the case that all HARQ processes are occupied for retransmissions (i.e., either the configuredGrantTimer is running or the HARQ process is pending), there may be new arrival data in the higher layer buffer that has a higher priority LCH than any one of the LCH priority of the MAC PDU for retransmissions. The intended MAC behaviour is not clear. If it is not allowed to flush the buffer of any of the retransmission HARQ processes, this seems to be contradictory to the proposal that the LCH-based prioritization is used to prioritize between initial transmission and re-transmissions. If it is allowed to flush the buffer of a retransmission HARQ process, then the data in this HARQ process may be lost and there will be further discussions related to which retransmission HARQ process should be flushed.
3) It is unclear how mechanisms for handling de-prioritization of HARQ retransmissions shall be applied, i.e., whether as regular lch-basedPrioritization with IIoT-based autonomousTx, or as that these HARQ retransmissions shall simply be kept for future potential consideration at the next CG opportunity. The former would require another thorough check and “hack” of the MAC spec upon the already complex specification for autonomousTx, while the latter would introduce deviating behaviours from the current modelling of CG de-prioritizations configured with autonomousTx.
4) Network configures the configuredGrantTimer and cg-RetransmissionTimer values assuming a certain number of re-transmissions to fulfil the PER target for all traffic restricted in that CG configuration. For example, cg-RetransmissionTimer = 1/3 configuredGrantTimer allowing about 3 retransmissions to reach the PER target. If operation is impacted, i.e., made dependable by the arrival of the new data so that the actual retransmission times is smaller when de-prioritized, then network cannot configure correct timer values and satisfy the QoS requirement. There is no possibility anymore to optimally configure the system parameters. 
In conclusion, given these concerns that no gain is foreseen (in light of multiple CG configurations) and that the new complex standardization solution is required, we strongly believe: 
Proposal 1 [bookmark: _Toc67424439][bookmark: _Toc68079771][bookmark: _Toc68079810][bookmark: _Ref68095226][bookmark: _Toc71576619]LCH-based prioritization applies only for overlapping CGs and does not apply for prioritization between initial transmission and retransmission within one CG. 

Another aspect to be discussed relates to HARQ process ID sharing between CG configurations. It was agreed in previous RAN2 meetings as a baseline that, when cg-RetransmissionTimer is configured, HARQ process sharing between multiple CGs are allowed as in Rel-16 NR-U. This was not the case when lch-basedPrioritization is configured during the intra-UE prioritization discussion in IIoT Rel-16 (although in MAC specification 38.321 this condition of HARQ process sharing is coupled with cg-RetransmissionTimer).  
We don’t see any benefits of HARQ process sharing between CGs configured together with lch-basedPrioritization:
1. It is technically equivalent to lch-basedPrioritization within one CG for those overlapping HARQ processes (shared process pool), see further analysis leading to the Proposal 1.  
2. Moreover, if we allow HARQ process sharing, the same HARQ processes for transmission and autonomous retransmission may overlap between the CGs and this leads to conflicts. With a shared HARQ process pool, according to current specifications (and probably in future given the complexity), some aspects of the prioritization would be left to UE implementation, e.g., if for both overlapping CGs the same HARQ process for retransmission is chosen, then the question is on which CG the retransmission is carried out. 
3. Lastly, allowing HARQ process sharing contradicts with the network’s intention to configure lch-basedPrioritization in which different priority data is assumed to be separated on different CGs.  In other words, this configuration of shared HARQ processes defeats the purpose of network-controlled lch-basedPrioritization among CGs, i.e., the network is not in control anymore to configure the UE to choose a CG according to the LCH priority to be mapped to the CG. In general, HARQ process sharing is only suited for the same priority data, i.e. not for the different priority data and configured with lch-basedPrioritization.
[bookmark: _Hlk71483849]In summary, a network implementation can configure separate HARQ process pools for the different CG configurations for the case that lch-basedPrioritization is required, which is independent of cg-RetransmissionTimer configuration. For the case when HARQ processing is used among CGs, lch-basedPrioritization is not needed among those CGs and thus no specification enhancements are required. Furthermore, addressing the HARQ processes sharing among CG case would require complex specification changes which cannot be motivated, or eventually due to its complexity, the prioritization is left to UE implementation. Thus, we propose that: 
Proposal 2 [bookmark: _Toc67424440][bookmark: _Toc68079772][bookmark: _Toc68079811][bookmark: _Toc71576620]RAN2 does not introduce any spec enhancements regarding HARQ process sharing between CGs for the case when lch-basedPrioritization is configured. 

2.2	Multi-TB scheduling in CG and without cg-retransmissionTimer 
One aspect that was not yet discussed in email discussion [4] 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. There are the 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 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. 
· C) Allow UE choice of HARQ processes without cg-retransmissionTimer: This is for the case where CG-UCI is configured, if allowed to be independently configured from cg-RetransmissionTimer by RAN1. This comes with the issue that in the case that there are no automatic retransmissions, the gNB is not able to recover HARQ processes that fail, since it is unable to identify the HARQ process failing in a particular of the multiple CG occasions per period for which the UE chooses the ID. Even with CG-UCI included, but if it is not decodable, the gNB is unable to recover the data. Therefore, this alternative solution seems not feasible from RAN2 point of view. However, in the email discussion [4], there is a similar question and there are majority views to wait for RAN1 on whether CG-UCI is supported. It would be more efficient for RAN2 to discuss this option later, thus, waiting for RAN1. 
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. 
Proposal 3 [bookmark: _Toc71576621]If neither cg-retransmissionTimer nor CG-UCI is configured, cg-nrofSlots and cg-nrofPUSCH-InSlot shall not be configured (i.e. no changes to the HARQ ID formula required). 

4. Conclusion
In the previous sections we made the following proposals: 
Proposal 1	LCH-based prioritization applies only for overlapping CGs and does not apply for prioritization between initial transmission and retransmission within one CG.
Proposal 2	RAN2 does not introduce any spec enhancements regarding HARQ process sharing between CGs for the case when lch-basedPrioritization is configured.
Proposal 3	If neither cg-retransmissionTimer nor CG-UCI is configured, cg-nrofSlots and cg-nrofPUSCH-InSlot shall not be configured (i.e. no changes to the HARQ ID formula required).
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