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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 questions to work on were captured in chair notes: 
Question really is:
- Can IIoT autonomous transmission and NR-U CG retransmission timer can be configured together?
- Do we make the CG retransmission timer optional or not to cover controlled case?  
- How do we do HARQ process ID selection?
- Smaller issue – in NR-U retx are always prioritized over initial tx so we need to check if this causing any issue

Meanwhile, RAN1#102e also discussed the topic, and based on discussion in [2] agreed among others: 
· 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.
2. Background
In the following we analyze the features for URLLC/IIOT and NR-U and their inter-relation.
2.1	NR-U transmissions and UE autonomous retransmissions based on cg-RetransmissionTimer 
Given the possibility of LBT-failure occurrence, autonomous retransmissions on CG were introduced for a UE to be able to retransmit a TB using a later CG resource without waiting for HARQ A/N from the gNB. The cg-RetransmissionTimer therein determines the UE when to retransmit the TB. In general UE assumes “NACK” for a HARQ process, thus retransmits at timer expiry, unless a positive downlink feedback (DFI) for that HARQ process is received from gNB or a DCI carrying a grant for the same HARQ process associated with the TB. DFI was introduced for the gNB to provide explicit HARQ A/N. In addition, the UE autonomously selects HARQ process IDs in this mode of operation, and indicates them in uplink CG-UCI to the gNB. This is required since UE may autonomously select based on cg-RetransmissionTimer to retransmit on the same HARQ process (as soon as possible after LBT success) or transmit new data on another HARQ process, and in order to differentiate HARQ processes received, gNB requires this information in UL. 
cg-RetransmissionTimer: allows UE autonomous retransmission on CG when expired. 
· RRC: Indicates the initial value of the configured retransmission timer (see TS 38.321 [3]) in multiples of periodicity. The value of cg-RetransmissionTimer is always less than the value of configuredGrantTimer. This field is always configured for operation with shared spectrum channel access together with harq-ProcID-Offset. This field is not configured for operation in licensed spectrum or simultaneously with harq-ProcID-Offset2.
· MAC: For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.

downlink feedback information (DFI): included in DCI to indicate acknowledgements for HARQ processes in order to be able to stop the cg-RetransmissionTimer. RRC-parameter cg-minDFI-Delay is introduced to control which HARQ processes are considered acknowledged, depending on time passed since transmission.
CG-uplink control information (UCI): had been enhanced to include the HARQ process ID (and RV and NDI) of the currently transmitting HARQ process, in order to allow UE selection of different HARQ processes for transmission or retransmission. 
Flexible initial transmission occasion (TO): multiple potential TOs can be configured for CGs to determine when the initial transmission can start (i.e. to cater for different LBT outcomes).
2.2	Multiple configured grant configurations (URLLC)
To better support TSC communication with multiple parallel periodical traffic flows, multiple CG configurations per BWP were introduced. In order to control the HARQ process IDs used per configuration, the following parameters were introduced – separately in URLLC and NR-U work items: 
harq-ProcID-Offset: defines the range of HARQ process IDs the UE can choose from for a CG configuration.
· RRC: For operation with shared spectrum channel access, this configures the range of HARQ process IDs which can be used for this configured grant where the UE can select a HARQ process ID within [harq-procID-offset, .., (harq-procID-offset + nrofHARQ-Processes – 1)].
· MAC: For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration.
harq-ProcID-Offset2: defines the range of HARQ process IDs per CG-configuration to determine the HARQ process ID per symbol, according to the formula.
· RRC: Indicates the offset used in deriving the HARQ process IDs, see TS 38.321 [3], clause 5.4.1. This field is not configured for operation with shared spectrum channel access
· MAC: For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation: HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
2.3	LCH-based intra-UE prioritization (URLLC)
In IIOT work item, intra-UE prioritization was introduced in MAC, in order to select/prioritize between overlapping grants depending on which logical channels (LCHs) are to be multiplexed on those grants. With lch-BasedPrioritization, the overlapping grants are considered prioritized or de-prioritized, and if de-prioritized and if autonomousTx is configured for a CG, an autonomous retransmission of the previously de-prioritized data is conducted on the next CG occasion with same HARQ process ID. 

lch-BasedPrioritization (per MAC entity): controls whether LCH-based prioritized is used.
· RRC: If this field is present, the corresponding MAC entity of the UE is configured with prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority, see TS 38.321 [3].
autonomousTx (per CG) cond lch-basedPrioritization: controls whether UE retransmits deprioritized data on next CG occasion. 
· RRC: If this field is present, the Configured Grant configuration is configured with autonomous transmission, see TS 38.321 [3].
3. Configuration limitations and RAN1/2 work split
From the above background description several aspects for harmonization of features and configurations for operation in licensed and shared spectrum become obvious. 
We should note that RAN1 progressed this discussion in parallel, i.e. in [2]. RAN1 agreed already to not mandate cg-RetransmissionTimer for CG in shared spectrum at least for FBE. FBE/LBE mode of operation are shared spectrum access details discussed in RAN1 and not visible in the MAC. That means that in any case, MAC spec changes to support cg-RetransmissionTimer not-configured for CG are definitely needed, i.e., to support optionality of the cg-Retransmissiontimer in MAC. 
Proposal 1 [bookmark: _Toc54100065][bookmark: _Toc54165368][bookmark: _Toc54189109][bookmark: _Toc54215994][bookmark: _Toc54268421][bookmark: _Toc54278419][bookmark: _Toc54290377]RAN2 assumes that cg-RetransmissionTimer is optional when discussing for MAC procedures. 
As it becomes obvious from above background, that several other PHY parameters (e.g., DFI, CG-UCI, etc) are coupled to cg-RetransmissionTimer usage, and it is now up to RAN1 to further discuss configurability for these parameters as well. This falls in the scope of RAN1, as it relates to physical layer specification details, as well as shared spectrum access details like LBE/FBE, and in general physical channel properties of the controlled environment. For efficient progressing of the work item, we should not have the same discussion in RAN2, thus we propose:
Proposal 2 [bookmark: _Toc52527072][bookmark: _Toc54100066][bookmark: _Toc54165369][bookmark: _Toc54189110][bookmark: _Toc54215995][bookmark: _Toc54268422][bookmark: _Toc54278420][bookmark: _Toc54290378]Discussions on configurability restrictions of URLLC/NR-U features for shared spectrum with PHY impact are only done in RAN1.
4. Open issues in RAN2 
A question noted in the last RAN2 meeting related to “How do we do HARQ process ID selection?”. According to latest specification, that the UE chooses the HARQ process ID itself, is conditioned with cg-RetransmissionTimer usage. For example, one can argue that cg-RetransmissionTimer usage requires that UE-based HARQ selection is employed, since new HARQ process transmission or old HARQ process retransmission depends on timer and LBT outcome, which gNB cannot anticipate, thus the formula cannot be used. For shared spectrum access without cg-RetransmissionTimer, no UE-initiated retransmission prioritization over new transmissions is done, thus there is no reason for UE to not to use the formula, and gNB and UE stay in synch on HARQ process ID per occasion. This way, additional overhead by UCI to indicate the HARQ ID used can be avoided. Missed transmission opportunities due to LBT failure (which should be rare if network does not configure cg-RetransmissionTimer) would therein be recovered by gNB dynamic scheduled, in which case HARQ process ID is clear.
Proposal 3 [bookmark: _Toc54215996][bookmark: _Toc54268423][bookmark: _Toc54278421][bookmark: _Toc54290379][bookmark: _Toc54189111]As in current specification, UE chooses HARQ process ID itself only if cg-RetransmissionTimer is configured, otherwise uses the formula. 
Another question that was discussed in the previous RAN2 meeting, is “Can IIoT autonomous transmission and NR-U CG retransmission timer be configured together?” We first note that the IIoT-introduced feature of transmission of de-prioritized transmission is entirely defined in RAN2. It depends on both LCH-based prioritization and additional autonomousTx configured. According to our understanding of current specifications, the feature can indeed be configured together with NR-U retransmission, and works 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 to both dynamic grants, configured grants, 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 (if pending and cg-RetransmissionTimer expired), or transmits new data on an unused HARQ process with an ID chosen by the UE. This determines the NDI of the HARQ process chosen. At any CG occasion (for each grant), the UE is in this way prioritizing retransmissions before new transmissions.
· We note that this choice is between new transmission and retransmission within one CG occasion, i.e., one grant is not considered as an overlapping CG occasion, thus lch-basedPrioritization does not apply. In other words, lch-basedPrioritization that may prioritize a new transmission before a retransmission, is not applicable within one CG occasion. 
· The parameter autonomousTx, in the HARQ entity branch for a new transmission, determines whether transmission of previously deprioritized data should take place or not, i.e., for the case that the configuredGrantTimer is not running and the HARQ process is not pending (due to LBT success). Otherwise for a previously deprioritized grant, if the HARQ process is pending (due to LBT failure) and cg-RetransmissionTimer has not started (i.e., expired), the HARQ process is retransmitted (NDI not toggled) in the HARQ entity branch for retransmissions (autonomousTx not used). Both ways lead equally to retransmission of the previously deprioritized data.
The above spec behavior is illustrated in the figure below: 
[image: ]
Figure 1: autonomousTx with cg-RetransmissionTimer
In conclusion, our understanding is that the features of cg-RetransmissionTimer and autonomousTx can indeed be configured together and work as intended. 
Proposal 4 [bookmark: _Toc52527074][bookmark: _Toc54100067][bookmark: _Toc54165370][bookmark: _Toc54189112][bookmark: _Toc54215997][bookmark: _Toc54268424][bookmark: _Toc54278422][bookmark: _Toc54290380]Support IIoT autonomous transmission of deprioritized transmission and NR-U CG retransmission together, without specification changes needed.
[bookmark: _Toc54215998]It was also noted in last RAN2 meeting, “NR-U retx are always prioritized over initial tx so we need to check if this causing any issue”. Our understanding is that with the current specification, the UE prioritizes per CG grant/occasion the HARQ process for retransmission. Later on, if there is an overlap with other CG occasions, LCH-based prioritization applies, based on the data in the HARQ process chosen. 
So, in the current specifications since lch-basedPrioritization is only applied among overlapping grants, for each grant, retransmissions are always prioritized over new transmissions, independent of their LCH-priority. Let’s keep in mind that lch-basedPrioritization was introduced with the motivation that UE can select the appropriate grant for the LCH data available in the UE (not known to gNB) depending on the LCH priority and on whether the data is mappable/appropriate for a certain grant. Following this principle that decision between grants rather than between LCH data on same grant, we believe that no further enhancements are required. So, within one grant, there should not be an LCH-based decision on whether a transmission or retransmission is done. One can also consider that, with the enhanced LCP restrictions in Rel-16, network can configure all LCH data mappable/appropriate for the certain grant have similar priority, and thus does not justify the need for LCH-based prioritization within one grant. Transmitting different LCH data via subsequent grant occasions, e.g. of same CG, would anyway be rather random, i.e. depending on traffic occurrence. This approach can be considered as two independent operations of NR-U solution for prioritization among HARQ processes within one grant, and IIoT solution of LCH-prioritization among overlapping grants. Therefore, we propose: 
Proposal 5 [bookmark: _Toc54100068][bookmark: _Toc54165371][bookmark: _Toc54189113][bookmark: _Toc54215999][bookmark: _Toc54268425][bookmark: _Toc54278423][bookmark: _Toc54290381]Support prioritization between new and retransmission based on current specification, i.e. independent prioritization operation within one grant with cg-RetransmissionTimer and operation among overlapping grants with lch-basedPrioritization. No need for specification changes.
[bookmark: _GoBack]As explained above, with Proposal 5, it leads to the UE first choosing HARQ process for each grant  prioritizing retransmissions, then in case of overlap with other grants, applying LCH-based prioritization among grants.
5. Conclusion
In the previous sections we made the following proposals: 
Proposal 1	RAN2 assumes that cg-RetransmissionTimer is optional when discussing for MAC procedures.
Proposal 2	Discussions on configurability restrictions of URLLC/NR-U features for shared spectrum with PHY impact are only done in RAN1.
Proposal 3	As in current specification, UE chooses HARQ process ID itself only if cg-RetransmissionTimer is configured, otherwise uses the formula.
Proposal 4	Support IIoT autonomous transmission of deprioritized transmission and NR-U CG retransmission together, without specification changes needed.
Proposal 5	Support prioritization between new and retransmission based on current  specification, i.e. independent prioritization operation within one grant with cg-RetransmissionTimer and operation among overlapping grants with lch-basedPrioritization. No need for specification changes.
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