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Introduction
One important feature of 5G NR standards is carrier aggregation (CA) that provides a framework for the UE to operate with multiple serving cells on multiple component carriers (CCs) or bandwidth parts (BWPs), in order to enhance UE throughput and coverage, and facilitate efficient use of the spectrum, while support various network deployments. 
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 a previous meeting [1], 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, which is provided in Appendix 2. However, the priority rule devised in those agreements did not consider all details of transmission parameters (such as transmission length and subcarrier spacing) as well as certain important functionalities of PRACH for PSCell. Furthermore, the case of non-power-limited CA was not discussed in detail. 
[bookmark: _GoBack]In this contribution, we provide our views on necessary modifications to the priority rule for overlapping transmissions in a CA operation. We also discuss power allocation mechanisms for overlapping UL transmissions with different numerologies and/or durations to support coherent demodulation with potentially varying transmission powers during the transmission. This document is a revision of R1-1800733. 
Priority Rule for Overlapping Transmissions
Recent RAN1 agreements [1] proposed the following priority rule in a CA operation with full or partially overlapping transmissions. 
 (
From RAN1#91 [1]
PRACH of 
PCell
 > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of 
SCell
)

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 1: 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.
One further consideration for the priority rule in CA operation is that PRACH transmission on the PSCell needs further consideration. PRACH is used at least for following main purposes: (i) in random access procedure, to re-acquire time synchronization when the UE has lost uplink synchronization with a serving cell; (ii) in the link reconfiguration (a.k.a., beam failure recovery) procedure, to send beam failure indication and new candidate beam identification messages; (iii) handover from current serving cell to a target cell; and (iv) to send scheduling request (SR) when UE has uplink data to send but does not have assigned SR resources. The current priority rule considers PRACH of all SCells, including the PSCell, to have the lowest priority among all channels/signals. However, we believe PRACH transmission on PSCell with objective(s) (ii), (iii) [and (i)] is critical for the operation of the secondary cell group (SCG) and therefore it should be given higher priority, since PSCell is the primary cell for the SCG. 
Proposal 2: Specification should support a higher priority for PRACH on PSCell in CA-based power control. 
Heterogeneous Multiple Uplink Transmissions
In 5G-NR CA framework, among different serving cells, the number of symbols in a “slot” can be varying, the numerology/SCS can be different, the grant-to-transmission timing offset can be different, and the starting time of different UL transmissions for different serving cells can be different. Moreover, multiple services can be offered with different performance requirements and priorities. Therefore, a UE operating with NR-CA needs to support multiple heterogeneous UL transmission to different serving cells.  
To facilitate the discussion of power control for such heterogeneous UL transmissions, we consider the case of intra-band contiguous CA and/or intra-band non-contiguous CA, for which the UE may use only one power amplifier (PA) for the different component carriers. Consider a CA-capable UE which is scheduled on a component carrier CC1 for an UL transmission (UL1) with a transmission duration T1, requiring transmit power P1 (e.g., for eMBB, slot-based PUSCH) and also gets scheduled on component carrier CC2 for another UL transmission (UL2) with a duration T2 (T2<T1), requiring transmit power P2, and which occurs after the start of the UL1 transmission (e.g., the second UL transmission may be with a higher priority such as URLLC or PUCCH) as shown in Figure 1(a). 
For power allocation to such overlapping UL transmissions, one can consider several alternatives. One alternative, as shown in Figure 1(b), takes a more conservative approach, where the UE decides on the power setting based on the power requirement for UL1 and not taking into account the power requirement for overlapped UL2 transmission. In particular, the total UE power is kept constant to P1 before, during, and after the overlap period. As shown in Figure 1(b) , the first few symbols of transmission UL1 before the start of transmission UL2 are transmitted with power P1 (with a front-loaded DM-RS). During the overlap period, the UE transmits the transmission UL2 with power  = min{P2, P1}, and transmits the transmission UL1 with power =max{0, P1-P2}. Upon completion of the UL2 transmission, the UE continues the UL1 transmission with the original power level P1. Since the PA power setting is kept fixed over the duration T1, there is no phase discontinuity between the symbols of UL1 before and after the transmission of UL2, and the front-loaded DMRS can still facilitate coherent decoding of UL1 (assuming the gNB can estimate the UL1 transmission power change over the overlapped duration needed for higher-order modulations).
Observation 1: For component carriers sharing the same PA (e.g., intra-band CA), maintaining a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion does not require any additional DMRS for coherent demodulation of the overlapped and non-overlapped portions of the UL transmission of a component carrier.
Proposal 3: Support option to allow UE to maintain a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA. 
Another alternative, as shown in Figure 1(c), is a rather more aggressive attempt in power allocation to different UL transmissions, in which the UE attempts to allocate the required power level to each UL transmission, but introduces power (and phase) changes. In particular, the total UE power is not kept constant anymore and is varying based on the power requirements of the two UL transmissions. As shown in Figure 1(c), the first few symbols of transmission UL1 before the start of transmission UL2 are again transmitted with power P1 with a front-loaded DMRS to aid coherent demodulation. However, during the overlap period, the UE transmits the transmission UL2 with power P2, while transmits the transmission UL1 with power =min{PCMAX,total-P2, P1}, where PCMAX,total is the UE total configured maximum output power across cells CC1 and CC2. Upon completion of the second UL transmission, similar to the first alternative, the UE continues the first UL transmission with the required power P1. As the UE total transmit power is varying over the transmission duration of transmission UL1, additional DMRS is needed in the overlapped portion and the portion following due to phase discontinuity introduced by the power changes. Depending on the DM-RS pattern for the transmission, the UE may need to insert the additional DMRS by puncturing the scheduled data on some or all of the subcarriers of the OFDM/DFT-s-OFDM symbol.
The two above alternatives provide different performance impacts for the UL transmissions on the different component carriers. 
When UE performs heterogeneous uplink transmissions with independent power amplifiers (e.g. for inter-band CA), changes to the PA power setting of a component carrier due to power limitation on the overlapped portion, also requires DMRS in the overlapped and non-overlapped portion for coherent demodulation.
Note that, in the second scenario above, if P1+P2 ≤ PCMAX,total then the UE does not fall into a power-limited situation, so the recent RAN1 agreement for CA-based power control [1] will not apply. Still, however, appropriate DMRS insertion will be needed to facilitate coherent demodulation, as discussed above. 
Observation 2: Varying the PA power setting between the overlapped and non-overlapped portions of a UL transmission creates phase discontinuities requiring DMRS in the overlapped and non-overlapped portion for coherent demodulation. This phenomenon may even happen in the non-power-limited situation. 
Proposal 4: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, in both the power-limited and non-power-limited scenarios, insertion of DMRS in each overlapped and non-overlapped portion of the UL transmission is needed.
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Figure 1: Example of two heterogeneous transmissions with different durations, and required transmit powers.
 
Conclusion
In summary, we observe and propose the followings for NR CA-related power control:
Proposal 1: 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 2: Specification should support a higher priority for PRACH on PSCell in CA-based power control. 
Observation 1: For component carriers sharing the same PA (e.g., intra-band CA), maintaining a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion does not require any additional DMRS for coherent demodulation of the overlapped and non-overlapped portions of the UL transmission of  a component carrier.
Proposal 3: Support to allow UE to maintain a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA.
Observation 2: Varying the PA power setting between the overlapped and non-overlapped portions of a UL transmission creates phase discontinuities requiring DMRS in the overlapped and non-overlapped portion for coherent demodulation. This phenomenon may even happen in the non-power-limited situation.
Proposal 4: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, in both the power-limited and non-power-limited scenarios, insertion of DMRS in each overlapped and non-overlapped portion of the UL transmission is needed.
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Appendix 1 - RAN1 CA-based power control agreements
Agreements from RAN1 #91 ‎ [1]:
Agreement
· In Case 1, (CCs/uplinks configured for UE have same numerology and overlapping transmissions between different CCs/uplinks with same starting time and same PUSCH/PUCCH transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving cells,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell
· Within a same priority level, PCell is prioritized over SCell.
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax. Exact scaling or dropping is left to UE implementation.
· Note: different priority of SRS used for carrier switching can be discussed further. 

Working  Assumption
· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell
· Within a same priority level, PCell is prioritized over Scell
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.
· Note: different priority of SRS used for carrier switching can be discussed further
· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.
· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.
· Note: power control with look-ahead is not required at UE.





