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1 Introduction
In RAN1 meeting #91 [1], RAN1 continued the discussions about the power sharing for CA. As a result of the discussion, the following agreement and the working assumption were reached;
	Agreement
· [bookmark: _Hlk502924894][bookmark: _Hlk502922701]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.
· [bookmark: _Hlk502923623]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
· [bookmark: _Hlk502924840][bookmark: _Hlk502761910]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.

Agreement
· For PRACH, PUSCH, PUCCH, and SRS, all power control parameters are configured per serving cell/uplink




In RAN1 meeting #91, a clear argument was presented for Case 1 scenario resulting in a broad consensus, however the discussion for Case 2 was deemed not sufficient due to some operational and performance concerns. In this contribution, we provide our perspective for Case 2, and propose a solution to mitigate unnecessary performance loss.

2 Discussion on Power Sharing in Case 2 CA
In CA operation, if the required power for simultaneous transmission on multiple serving cells exceeds Pcmax, a UE is considered power limited. In the last meeting, two main cases of overlapping transmissions were identified [1]; 
· 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)), 
· 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)). 
For Case1, power sharing can be implemented in a relatively straightforward manner, because besides a simple power drop in transmission of one CC, there will not be any additional side effect impacting the operation of the receiver. Therefore in Case 1, the scaling can be left to the UE implementation.



Figure 1 - Simultaneous uplink transmission with different transmission time intervals

However in Case 2, power sharing is not as trivial as the one of Case 1. Figure 1 shows simultaneous uplink transmissions with different transmission durations. As illustrated in Figure 1, when there are overlapping transmissions with different durations, a UE has to update the power settings for all simultaneous transmissions at the rate of the shorter transmission. However, scaling of the power during an ongoing transmission with a longer duration can result in an imbalance in power of the embedded DMRSs. As such, the channel estimation will be distorted, leading to additional degradation of the performance of the CC with the longer duration. Therefore, as part of the power sharing mechanism, it is important to consider a fixed power for the DMRSs of each link, such that the channel estimation is not impacted due to unbalanced power of the embedded DMRSs. The power sharing procedure may then shift powers between the data channels without influencing the DMRS powers.
For example, in a system with 2 simultaneous PUSCH transmissions, namely PUSCH_1 and PUSCH_2, with TPC commands TPC1 and TPC2, and at the corresponding transmission intervals of TTI1 and TTI2 where TTI2<TTI1, the UE would update the power settings with every decoding of the TPC2. As such, based on a power sharing mechanism, the power for each link can be set as:
[image: ]
where Pc_max is the maximum configured UE power. For both PUSCH transmissions, the DMRS power are maintained at fixed levels, however with every update of TPC2, the condition[image: ] is checked to verify if a shift of power from [image: ] to [image: ] is needed.
Proposal 1: For power sharing in Case 2, DMRS power should be maintained for the CC with the longer duration, scaling of the data part of the transmission is left to UE implementation.

3 Evaluation of “Data & DMRS” and “Data only” Scaling for Case 2 CA
According to the WA [1], a power limited UE may scale or drop a transmission if required. In the scaling case, it is indiscriminately applied on both Data and DMRSs. As such, for example, if there are two sets of DMRSs within the transmission with the longer duration, one may be scaled with an arbitrary value while the other is not. As mentioned earlier, a DMRS set with unbalanced DMRS power results in phase and amplitude distortions in channel estimation, and consequently MIMO equalization, demodulation and detection will be degraded as well. 
[bookmark: _Hlk503095421]Figure 2 shows the received signal constellations for the two cases of  “Data & DMRS” and “Data only” power scaling cases, assuming a 3 dB power shift at an SNR of 30dB. As shown in Figure 2 (a), in the case of “Data & DMRS” scaling, despite the high SNR, because of the impaired channel estimation, the constellation is severely degraded. However, in the case of “Data only” scaling, the integrity of the channel estimation is maintained resulting in a clear and healthy signal constellation. In this case, assuming having a correct channel estimation at the receiver, the average power of data REs carried by subcarriers should be about the same across the OFDM symbols of a transmission. Therefore at the receiver, by knowing that the modulation is the same during a transmission, we can normalize data RE’s before delivering them to the soft-demapper.
[image: cid:image003.png@01D38872.7E35F130]           [image: cid:image004.png@01D38872.7E35F130]
     (a)                                             	                                      (b)
[bookmark: _Hlk503094974][bookmark: _Hlk503089092]Figure 2 – Received signal constellations (SNR=30 dB) for “Data & DMRS”, and “Data only” power scaling



Table 1 Evaluation Assumption
	Simulation Parameters
	Values

	Carrier frequency
	2 GHz

	Subcarrier spacing 
	15 KHz

	Transmission bandwidth 
	4 RB and 20 RB

	TX/RX dimension 
	MIMO 2×2

	Waveform
	CP-OFDM

	DMRS 
	1 set per half slot

	MCS  
	16QAM 1/2, 16QAM 3/4, QPSK 3/4

	Channel model
	TDL-C 300 ns, Doppler 3Hz

	Channel estimation  
	2D wiener CHEST

	Number of slots 
	100K

	Power sharing scenarios

	0. [bookmark: _Hlk503096505]No power sharing
0. Scaling of both Data & DMRS power 
0. Scaling of only Data 

	Scaling range
	1.25 dB (25%), 3 dB (50%)

	Overlapping Scenario
	f1: Slot-based transmission
f2: Half-slot transmission




[bookmark: _GoBack]For the performance evaluation, we have considered a CA case of overlapping transmissions with durations of 1 Slot and ½ Slot, respectively. For the transmission with the longer duration of 1 Slot, we assumed that there are two sets of one-symbol DMRS, each embedded in half slot. For the comparison, three cases of a) No power sharing, b) Scaling of both Data & DMRS power and c) Scaling of only Data are considered. We have also considered two different levels of 1.25 dB and 3 dB for power shift from the transmission with a longer duration to the shorter. Table 1 contains other relevant simulation assumptions.
Figures 3 and 4 show evaluation results for different cases of MCS, transmission bandwidth and power sharing level for the considered power sharing strategies, i.e., “Data & DMRS Scaling” and “Data only Scaling”. Based on the presented results, the following observations can be made:

· For QPSK ¾, a 3 dB power shift through “Data & DMRS Scaling” causes a performance loss of about 2 dB. However, the incurred loss for 16QAM ¾ and ½ are about 4 and 3 dB, respectively. Furthermore, a power shift of 1.25 dB also results in a notable performance degradation.

· In all the presented cases, implementing a “Data only Scaling” led to a significant reduction of the incurred performance loss compared to “Data & DMRS Scaling”. For example, in the case of 3 dB power shift, for QPSK ¾, the incurred performance loss can be reduced by 1 dB. However, the gain observed for 16QAM ¾ and ½ cases are in the range of >1 dB and 4 dB, respectively. 

· The above described observations generally hold true for both narrow and wideband transmissions.


[image: ][image: ][image: ][image: ]
[image: ][image: ]

    (a) Transmission bandwidth of 4RB                                    (b) Transmission bandwidth of 20RB                                                       
Figure 3 – BLER performance of QPSK and 16QAM transmission, with “Data & DMRS” and “Data only” power scaling cases
[image: ][image: ] [image: ][image: ][image: ] [image: ]


    (a) Transmission bandwidth of 4RB                                    (b) Transmission bandwidth of 20RB                                                       
Figure 4 – Spectral efficiency of QPSK and 16QAM transmissions, with “Data & DMRS” and “Data only” power scaling cases

4 [bookmark: _Ref129681832]Conclusion
In this contribution, we provided our perspective for Case 2, and propose a solution to mitigate unnecessary performance loss. As demonstrated by the evaluation results, the “Data & DMRS” scaling can result in significant performance degradation. However, the incurred performance loss can be mitigated by adopting a “Data only” scaling strategy. Based on the presented discussion, the following proposals are made;
Proposal 1: For power sharing in Case 2, DMRS power should be maintained for the CC with the longer duration; scaling of the data part of the transmission is left to UE implementation.
References 
[bookmark: _Ref167612671]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #91, Reno, USA, November 2017
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