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1 Introduction

During the RAN1#59bis meeting there were agreements on the basic principle of power sharing in the case of power limitation for CA [1]:
Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Not to reduce power of PUSCH with UCI should be considered

· Detailed formula is FFS
In this contribution, the design principles and considerations of power scaling are discussed in Section 2 followed by a proposal of a set of rules for power scaling based on these principles and considerations given in Section 3.
2 Considerations for Power Scaling

In case of power limitation, many UE behaviours have been proposed to solve this problem [2] ~ [5]. The main viewpoint is prioritizing the CCs and/or physical channels for power scaling. However, there are more than just priorities of CCs and/or physical channels that need to be considered. Additional considerations are discussed in the following to provide new perspectives to this issue.
2.1 eNB’s awareness of power scaling at the UE
Cases with power limitation are actually considered undesirable and the eNB should reduce the possibility of such cases through properly designed power control and scheduling. However, power limitations may still occur, and may not be aware to the eNB due to the factors such as TPC reception errors at the UE, time-varying pathloss, etc. As a matter of fact, even in Release 8 and without these factors, power limitation happens when a UE is at cell-edge of a relatively large cell. With α> 0, the transmit power of a cell edge UE determined by the fractional power control formula may exceed the max power which requires power scaling down. In this case, the eNB generally knows that power scaling happens and can schedule accordingly. However, in a more general case, power scaling should happen not too frequently and not as an eNB intention but rather an exception case. As a result, eNB will also not know the amount of scaling down of the channel or whether it may just be turned off.
Implications of this observation in case of power scaling are listed here:
· eNB will decode the PUSCH and UCI as usual unless energy/DTX detection is used. Note that energy/DTX detection will not be very reliable in this case since power scaling is not supposed to happen frequently.
· UCI in PUCCH will see higher error rate with power scaled down. Since there is no CRC, it might be preferable to reduce the power to zero if it needs to scale down at all.
· PUSCH will see higher FER and should rely on HARQ.

· UCI in PUSCH will see higher errors rate as well. There will be CRC protection for some UCI (such as CQI), while no CRC protection for the others. The region of UCI multiplexing into PUSCH should be calculated independent of power scaling and same level of power scaling should apply to both PUSCH and UCI.
Principle 1: The basic assumption is that the eNB does not know when power scaling will happen.
2.2 UE behavior definition and implementation
In Release 10, the situation for power scaling can be very complicated since multiple channels (PUSCH and PUCCH) are allowed to transmit simultaneously on a single CC while uplink transmissions may be on multiple CCs at the same time. In addition, different UCI content, whether in PUCCH or in PUSCH, may have different priorities and may be treated differently. Similarly, QoS/priority of multiple PUSCHs may be considered as well. Furthermore, different PA/RF architectures used at the UEs for the same CA scenarios add additional complexity. For example, sometimes multiple UL CCs share one PA which may results in different consideration on power scaling comparing to independent PA per CC. Therefore, in addition to the Release 8 type of power limitation cases, more scenarios need to be considered.
Overall, the number of cases/situations that need to be dealt with is quite large. In addition, there may be different consideration and design criterion when designing the UE PC algorithm and deploying the systems. Therefore, it will be difficult to define the UE behaviors under each of these scenarios. 

The key questions to ask before defining related UE behaviors:

Is there a reason to define exactly how the UE scales down power in all these scenarios? 
If some of the UE behaviors are left undefined and rely on UE implementation, will there be any serious problems? 
Note that it is not unusual that the UE behaviors are undefined and up to implementation, especially for some error cases. 
Of course, it is worth to define UE behaviors to avoid serious problems if identified. Therefore, to strike for a balance, instead of defining detailed procedures/behaviors, rules and guideline should be given in the standards and leave space for implementation. The following principle is proposed:
Principle 2: Not to define all UE behaviors but provide guideline through a small number of rules.
2.3 How to enforce the defined UE behavior concerning power scaling
Another important factor to consider when defining a UE behavior is how it can be enforced. Generally speaking, a defined UE behavior can be ensured by defining test cases in RAN4 or RAN5. Since power scaling depends on the UE’s internal power control status which may not be easily captured in the test cases, test cases have to be designed to mimic such situations. In addition, it is reasonable to expect that only a small number of cases, if any, will be defined to test the UE behaviors of power scaling. Therefore, it is more feasible to test whether the UE follows a small set of rules than to test the UE behaviors under many specific situations.
Furthermore, the rules need to be selected so that the UE behaviors against such rules shall have obvious negative impact to the system performance. 

Principle 3: Only define rules to enforce behaviors that have obvious impact on the system performance.
2.4 PA/RF architecture at the UE

When dealing with power limitation cases, it is actually more important to design the system to reduce such cases. In order to achieve that, PHR may be used to ensure more accurate scheduling so that the transmit power of each CC as well as the sum of them do not exceed the corresponding limits. In addition, the availability of the information about the UE PA/RF architecture at the eNB is also very important to ensure that the eNB can fully utilize the PHR information and sets the per CC Pmax accordingly.
Principle 4: Information of the UE PA/RF architecture should be available at the eNB to reduce the power limitation cases.
3 Rules for Power Scaling

Based on the above observations and design principles, and considering the agreements during RAN1#59bis meeting, a minimum set of necessary rules for power scaling is proposed in the following:
Rule 1: PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)
Rule 2: Scaling is per channel
Rule 3: PUSCH with UCI is prioritized over PUSCH without UCI
Rule 4: Scale down to zero if the channel is scaled down such that the power difference exceeds the limit of the maximum power difference
Rule 5: When multiple channels with the same priority need to scale down power, the exact amount of scaling is up to implementation
Note that Rule 1 and 2 have been agreed during last meeting while Rule 3 is also agreed to be considered. 

Additional rules may be defined if serious problem(s) can be identified otherwise. For example, priority may need to be defined among different UCI, such as CQI, HARQ ACK and SR, is necessary.
4 Conclusion
In this contribution, the following principles for designing the power scaling rules are suggested:
· Principle 1: The basic assumption is that the eNB does not know when power scaling will happen.

· Principle 2: Not to define all UE behaviors but provide guideline through a small number of rules.
· Principle 3: Only define rules to enforce behaviors that have obvious impact on the system performance.
· Principle 4: Information of the UE PA/RF architecture should be available at the eNB to reduce the power limitation cases.
Based on these design principles, a minimum set of necessary rules for power scaling is proposed:
· Rule 1: PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)
· Rule 2: Scaling is per channel
· Rule 3: PUSCH with UCI is prioritized over PUSCH without UCI
· Rule 4: Scale down to zero if the channel is scaled down such that the power difference exceeds the limit of the maximum power difference
· Rule 5: When multiple channels with the same priority need to scale down power, the exact amount of scaling is up to implementation
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