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Introduction
Carrier aggregation (CA) provides a framework for the UE to operate with multiple serving cells on multiple component carriers (CCs), in order to enhance UE throughput, coverage, 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 this contribution, we provide our views on power allocation mechanisms for overlapping UL transmissions with different durations to support coherent demodulation with potentially varying transmission powers during the transmission, as well discuss power control aspects for bandwidth parts (BWPs). 
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 T1requiring 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 UL 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 in to 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 1: 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.
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.
Proposal 2: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, insert DMRS in each overlapped and non-overlapped portion of the UL transmission.
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Figure 1: Example of two heterogeneous transmissions with different durations, and required transmit powers.
 
Power control and PHR per bandwidth parts
When a CA-capable UE is configured with multiple bandwidth parts with different numerologies, the UE may be configured with different open-loop power control parameters, e.g., different target SINR P0 and fractional pathloss compensation factor alpha, and possibly different closed-loop power control loops. 
The first time a UE is configured/reconfigured with a bandwidth part whose corresponding numerology is different from that for the bandwidth parts it is already/currently configured with, it may be beneficial to trigger  a power headroom report (PHR) to inform the gNB of the accurate estimate of the interference (and pathloss) associated with the newly configured bandwidth part. 
Proposal 3: Support BWP-specific open-loop and closed-loop power control if different BWPs are configured with different numerologies. Trigger PHR the first time a UE is configured/reconfigured with a BWP with different numerology.
Conclusion
[bookmark: _GoBack]In summary, we observe and propose the followings for NR CA-related 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 1: 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.
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.
Proposal 2: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, insert DMRS in each overlapped and non-overlapped portion of the UL transmission.
Proposal 3: Support BWP-specific open-loop and closed-loop power control if different BWPs are configured with different numerologies. Trigger PHR the first time a UE is configured/reconfigured with a BWP with different numerology.
References
[1] [bookmark: _Ref490259533][bookmark: _Ref463050209]“RAN1 Chairman’s Notes”, RAN1 #88-Bis, Spokane, USA, April 2017.
[2] [bookmark: _Ref458506551]“RAN1 Chairman’s Notes”, RAN1 #89, Hangzhou, P.R.C., May 2017.
[3] “RAN1 Chairman’s Notes”, RAN1 NR Ad-Hoc#2, Qingdao, P.R.C., June 2017.
[4] “RAN1 Chairman’s Notes”, RAN1#90, Prague, Czech Republic, August 2017.
[5] “RAN1 Chairman’s Notes”, RAN1 NR Ad-Hoc#3, Nagoya, Japan, September 2017.
[6] “RAN1 Chairman’s Notes”, RAN1 NR #90-Bis, Prague, Czech Republic, October 2017.



