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1	Introduction
The eURLLC work item was approved in RAN83 [1]. The work item has the objective to improve reliability and latency performance supported by NR Rel-15. Methods to further improve reliability and reduce latency for different use cases such as factory automation, transport industry and electrical power distribution with potentially stricter requirements than considered in Rel-15. Some of the use cases considered for Rel-16 may require reliability level of 1-10‑6 and RAN latency on the level of 0.5 to 1 ms (here referred to as eURLLC).
For Rel-16 there hence may be an even more diverse mix of traffic with different latency and reliability requirements than in Rel-15 ranging from eMBB to URLLC or even eURLLC.
One of the features of the work item is HARQ-ACK feedback enhancements. The following agreements had been made in RAN1#96Bis:

Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
[bookmark: _Ref178064866]2	Discussion
In the following we discuss enhancements on uplink power control as a method to adjust PUCCH reliability in a mixed services scenario.
2.1	PUCCH enhancements
When UCI is transmitted on PUCCH the reliability requirement can differ significantly if UCI is related to eMBB or URLLC/eURLLC. For Format 0 and Format 1 the number of PRBs equals one and an attempt to increase reliability by using more PRBs makes PUCCH sensitive to time dispersion (see results in Section 2.3 in [2]). Therefore, for Format 0 and Format 1 different reliability can be achieved by different number of symbols and/or power adjustment. 
[bookmark: _Toc525660392][bookmark: _Toc525660459][bookmark: _Toc525661216][bookmark: _Toc5148694][bookmark: _Toc7823349]For PUCCH Format 0 and Format 1, suitable methods to control reliability is limited to one or both of:
· [bookmark: _Toc525660393][bookmark: _Toc525660460][bookmark: _Toc525661217][bookmark: _Toc5148695][bookmark: _Toc7823350]Selection of number of symbols 
· [bookmark: _Toc525660394][bookmark: _Toc525660461][bookmark: _Toc525661218][bookmark: _Toc5148696][bookmark: _Toc7823351]Power adjustment
Number of symbols can be dynamically indicated in DL DCI using the field “PUCCH resource indicator” [3] wherein two PUCCH resources are defined with different number of symbols. Power adjustments is however limited to a single TPC table [4] and/or possibly using the PUCCH spatial relation information wherein multiple power settings (such as ) and up to two closed-components can be defined (see [4] and [6]). But the different PUCCH power settings can only be selected using MAC CE signaling [5]. This is clearly too slow in mixed services scenario where the transmitted HARQ-ACK may be changed from related to eMBB to related to URLLC/eURLLC between two consecutive PUCCH transmission opportunities.
[bookmark: _Toc5148697][bookmark: _Toc7823352]For PUCCH Format 0 and Format 1, fast adjustment of reliability using power control is not possible in NR Rel-15.
In [8][9] it is proposed that priority should be dynamically indicated e.g. by field in new DCI format for URLLC. If such dynamic priority indication is agreed for Rel-16 the priority may be associated with power control settings. For example, when high priority is indicated in DCI assigning a PDSCH the corresponding HARQ-ACK is also regarded as having high priority and hence a higher power (e.g. higher ) is used for the PUCCH carrying the HARQ-ACK.   
[bookmark: _Toc5148698][bookmark: _Toc7823353]Priority of HARQ-ACK may indicate different power control settings (e.g. )
[bookmark: _Toc525660405][bookmark: _Toc525660417][bookmark: _Toc525660473][bookmark: _Toc525661228][bookmark: _Toc525889124]2.2	Enhancements on PUSCH power control
Enhancements of PUSCH power control can also be considered. However, for PUSCH there are more options for reliability adjustments than for PUCCH. In [7] enhancements in beta-factors for UCI on PUSCH has been proposed to address variable reliability requirements on PUSCH data and UCI in a mixed services scenario. For PUSCH data reliability can be adjusted using proper adjustment of MCS to meet reliability requirement for scheduled traffic. Furthermore, using PUSCH power control as a mechanism for adjusting reliability impacts inter-cell interference. The inter-cell interference variance may increase which can have negative impact on the overall system performance. But in some scenarios inter-cell interference may not be a limiting factor, e.g. a factory automation scenario with a single cell. 
[bookmark: _Toc5148699][bookmark: _Toc7823354]PUSCH power control for adjustment of reliability may in many scenarios be un-suitable due to interference impact, but in some scenarios where interference is not a problem power control may be a complement to other methods such as MCS adjustment.

In view of Observation 3 in previous section we also observe:
 
[bookmark: _Toc5148700][bookmark: _Toc7823355]PUSCH power control setting (e.g. ) can be based on priority. 

2.3	Enhancements on Power Control Parameter Setting of UL CG
In Rel-15 PUSCH power control, the parameters  , Alpha, and power control loop are directly given by p0-PUSCH-Alpha and powerControlLoopToUse in ConfiguredGrantConfig for Type 2 UL CG. Only path loss PL of Type 2 UL CG is determined by the SRI in the activation DCI format 0_1, where SRI is used to look up the parameter value from a set provided by higher layer.  In contrast, for dynamically scheduled PUSCH, all the power control parameters are determined by the SRI in the scheduling DCI when DCI format 0_1 is used.
For Rel-16 UL CG, multiple configurations are to be defined, where up to 8 (or 16) UL CG configurations are simultaneously active. It’s desirable that power control parameters  , Alpha, and power control loop of each Type 2 UL CG configuration are also determined by the SRI in the activation DCI format 0_1, using the same principle as PL. Then when RRC configuration ConfiguredGrantConfig is sent, the gNB does not need to provide the fixed values for P0, Alpha, and power control loop. These values are provided by the activation DCI, when DCI format 0_1 is used. This also allows the gNB the flexibility to modify the values of power control parameter setting by sending another activation DCI, without the more expensive procedure of RRC reconfiguration.

[bookmark: _Toc7823356]For Type 2 UL CG, Rel-15 PUSCH power control parameter setting , Alpha, and power control loop are not determined by SRI in activation DCI. Only path loss PL is determined by SRI in activation DCI. 

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc7789011]For Rel-16 Type 2 UL CG, all power control parameter setting (i.e., , Alpha,  power control loop, PL) are determined by SRI in the activation DCI when applicable.

3	Conclusion
In the previous sections we made the following observations: 
[bookmark: _GoBack]
Observation 1	For PUCCH Format 0 and Format 1, suitable methods to control reliability is limited to one or both of:
•	Selection of number of symbols
•	Power adjustment
Observation 2	For PUCCH Format 0 and Format 1, fast adjustment of reliability using power control is not possible in NR Rel-15.
Observation 3	Priority of HARQ-ACK may indicate different power control settings (e.g. P0)
Observation 4	PUSCH power control for adjustment of reliability may in many scenarios be un-suitable due to interference impact, but in some scenarios where interference is not a problem power control may be a complement to other methods such as MCS adjustment.
Observation 5	PUSCH power control setting (e.g. P0) can be based on priority.
Observation 6	For Type 2 UL CG, Rel-15 PUSCH power control parameter setting P0, Alpha, and power control loop are not determined by SRI in activation DCI. Only path loss PL is determined by SRI in activation DCI.

Proposal 1	For Rel-16 Type 2 UL CG, all power control parameter setting (i.e., P0, Alpha,  power control loop, PL) are determined by SRI in the activation DCI when applicable.
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