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Introduction
A UE operating with CA in NR (NR-CA) needs to support multiple heterogeneous uplink (UL) transmission to different serving cells, e.g., multiplexing of slot based PUSCH, non-slot based PUSCH, long PUCCH, and short PUCCH, and/or same or different subcarrier spacing (SCS) among UL transmissions, which include more complex combinations and scenarios than those addressed in LTE-CA or LTE dual connectivity (DC). To facilitate such diverse UL transmissions that fully or partially overlap in time and each have certain signal-to-interference-plus-noise-ratio (SINR) requirements, appropriate power allocation for UE transmissions is very critical. The UE must also meet the individual maximum transmission power limits per serving cell as well as the aggregate/total transmission power limit across all serving cells that is configured by the network. 
In previous meetings], RAN1 reached agreements for CA-based power control for both full and partial overlap between transmissions of different CCs when the UE is power limited. However, the priority rule did not consider all details of transmission parameters (such as transmission length and subcarrier spacing).Virtual power headroom report (PHR) for PUSCH based on default PC parameter setting was agreed in previous meetings. However, the details of such a default setting was left for further study.
In this contribution, we provide our views on the priority rule for overlapping transmissions in a CA operation as well as several details concerning virtual PUSCH PHR for CA/DC operation. 
Priority Rule for Overlapping Transmissions
Priority of SUL
In the previous meeting, the priority rule was FFS for the case of CA operation when, in addition to the regular uplink (UL) carrier, a supplementary uplink (SUL) carrier is also configured for a serving cell. Note that, such a priority rule can also apply to the case of single-cell operation, when simultaneous transmissions happen on two carriers (i.e., UL and SUL carriers) of a serving cell. 
To clarify the priority rule in the presence of SUL carrier, we consider the following cases: 
1) When simultaneous transmission on both UL and SUL carriers does not occur for any serving cell, simply follow the existing priority rule based on the priority of the signals/channels [1], i.e., treat the SUL carrier in the same way as an UL carrier. 
2) When simultaneous transmission occurs on both UL and SUL uplink carriers of one or multiple serving cell(s), then:
· If the two transmissions on the two UL carriers of a serving cell correspond to signals/channels with different priority levels (e.g., PUCCH on carrier and SRS on the other carrier), follow existing priority rule based on the signal/channel content, i.e., the SUL operation does not impact the priority rule. 
· If the two transmissions on the two UL carriers of a serving cell correspond to signals/channels with same priority levels (e.g., when both are SRS transmissions of the same time-domain periodicity behavior), then can have the following options for the priority rule:
· Option (a): The UL carrier configured for PUCCH transmission has higher priority than the non-PUCCH UL carrier.
· Option (b): The UL carrier has always higher priority than the SUL carrier.
We believe Option (a) is practically more beneficial. 
Proposal 1: For simultaneous uplink transmissions that are power-limited, when one or multiple serving cell(s) are configured with both UL and SUL carriers,
· Existing priority rule based on signals/channels content 
· In case transmissions with the same priority level on the two UL carriers, the UL carrier which is configured for PUCCH has higher priority. 
Priority w.r.t. Numerology and TTI Length
Existing priority rule agreed in CA operation with full or partially overlapping transmissions is given below:
 (
From RAN1#91 [
2
]
PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell
)
[bookmark: _GoBack]The impact of transmission parameters such as TTI length and subcarrier spacing, however, was not considered. Since these parameters are likely to be used by higher layers to map logical channels/signals with different priority levels or to map data corresponding to different services with different reliability and/or latency requirements, the physical channel needs to carefully take those aspects into account. For example, in LTE, a general rule has been that short-TTI (sTTI) transmission should be prioritized over regular-TTI (i.e., 1 ms) transmission. In NR, transmission parameters are much more flexible, with different length mini-slot transmissions with regular slot-based transmission, and also different subcarrier spacing options. Following the rationale in LTE, we believe the transmissions should be prioritized based on their TTI length and subcarrier spacing, such that transmission with shorter TTI length and/or larger subcarrier spacing should have higher priority. 
Proposal 2: Specification should support, within each priority level for a set of channels/signals in CA-based power control, (i) a higher priority for shorter TTI over longer TTI, and (ii) a higher priority for larger subcarrier spacing over smaller subcarrier spacing.
PC Parameter Selection for Virtual PUSCH PHR
Virtual power headroom report (PHR) for PUSCH was agreed in RAN1 AH-1801 [3] in the case of CA/DC setting, and the usage of a default PC parameter set (instead of e.g., an RRC configured PC parameter set) was agreed in RAN1 #92 [4], but the details about such a default PC parameter set for virtual PUSCH PHR was left for further study. 
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Per agreements above, a default PUSCH PC parameter set  needs to be fixed in the specification. Therefore, multiple options for the selection of the default PUSCH PC parameter set for virtual PHR can be considered:
1) The default PUSCH PC parameter set is an explicitly fixed PC parameter set , e.g., the lowest index PC parameters (). 
2) The default PUSCH PC parameter set is an implicitly fixed PC parameter set , e.g., that corresponding to the grant-free Type-1 with ,  given by UL-TWG-pathlossreference-index, and  given by PUSCH-closed-loop-index.
If a UE is configured with SUL and/or with bandwidth part (BWP) operation on a serving cell, then another aspect to consider for such a default PC setting for virtual PUSCH PHR is to specify which UL carrier (i.e., the main UL carrier or the SUL carrier) and which BWP should be used for calculation of the virtual PUSCH PHR. As agreed in RAN1 #92, at least the UE-specific PC parameters (including open-loop, closed-loop, and pathloss reference) are configured per BWP [4].
For the selection of a default setting for UL carrier for virtual PUSCH PHR, the following options can be considered:
1) The carrier configured for PUSCH if the UL/SUL location of PUSCH is semi-statically configured. 
2) The carrier configured for PUCCH if the UL/SUL location of PUSCH can dynamically change. 
3) An explicitly fixed carrier in the specification, e.g., always the UL (i.e., non-SUL) carrier. 
For the selection of a default setting for UL BWP for virtual PUSCH PHR, the following options can be considered:
1) An UL BWP with a specified BWPindex, e.g., initial or first active UL BWP on primary cell, otherwise an UL BWP with BWPindex=0.
2) UL BWP corresponding to the lowest UL BWP index configured with the smallest subcarrier spacing.
3) The most recent active UL BWP on the UL carrier of the serving cell. However, due to dynamic BWP switching, there may be error cases with missed-grant.
Proposal 3: Virtual PUSCH PHR in the case of CA/DC, to determine the default PC setting,
· For the selection of the PC parameter set, select one of the options:
· (i) explicitly fixed in specification (e.g., the lowest index PC parameters)
· (ii) implicitly fixed in specification (e.g., that corresponding to configured-grant Type1). 
· For the selection of the uplink carrier, 
· semi-statically configured carrier for PUSCH if present, otherwise one of the options
· (i) semi-statically configured carrier for PUCCH, or 
· (ii) a fixed carrier e.g. the non-SUL carrier
·  For the selection of the uplink BWP: select one of the options
· (i) initial or first active UL BWP on primary cell, otherwise an UL BWP with BWPindex=0
· (ii) BWP with lowest UL BWP index configured with the smallest subcarrier spacing 
· (iii) most recent active BWP.
Conclusion
In summary, we propose the followings for NR CA-related power control:
 Proposal 1: For simultaneous uplink transmissions that are power-limited, when one or multiple serving cell(s) are configured with both UL and SUL carriers, 
· Existing priority rule based on signals/channels content 
· In case transmissions with the same priority level on the two UL carriers, the UL carrier which is configured for PUCCH has higher priority. 
Proposal 2: Specification should support, within each priority level for a set of channels/signals in CA-based power control, (i) a higher priority for shorter TTI over longer TTI, and (ii) a higher priority for larger subcarrier spacing over smaller subcarrier spacing.
Proposal 3: Virtual PUSCH PHR in the case of CA/DC, to determine the default PC setting,
· For the selection of the PC parameter set, select one of the options:
· (i) explicitly fixed in specification (e.g., the lowest index PC parameters)
· (ii) implicitly fixed in specification (e.g., that corresponding to configured-grant Type1). 
· For the selection of the uplink carrier, 
· semi-statically configured carrier for PUSCH if present, otherwise one of the options
· (i) semi-statically configured carrier for PUCCH, or 
· (ii) a fixed carrier e.g. the non-SUL carrier
·  For the selection of the uplink BWP: select one of the options
· (i) initial or first active UL BWP on primary cell, otherwise an UL BWP with BWPindex=0
· (ii) BWP with lowest UL BWP index configured with the smallest subcarrier spacing 
· (iii) most recent active BWP.
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