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1 Introduction

UE behaviour in case of power limitation for multiple TA (timing advance) has been discussed in RAN1 meetings. In RAN1#68, the following behaviour was agreed. 
Conclusions for behaviour when power-limited:
· Partial overlap between:
1. SRS+PUCCH/PUSCH/PRACH

· drop SRS

2. PUSCH+PUCCH/PUSCH

· TBD

3. PRACH on SCell + PUCCH/PUSCH

· TBD

· Full overlap between:

PRACH on SCell and SRS 

· drop SRS

PRACH on SCell and PUCCH/PUSCH

· PRACH>everything else 
In addition, RAN1 sent LS on handling of partial overlap case. RAN4 reply [2] to the three questions from RAN1 is as follows. 
	Question 1: Should the assumption 2 and 3 be applied in transient period? 
Answer 1: RAN WG 4 notes that the UE transmission power may not exceed Pcmax. This applies also for transient periods. Although no explicit time mask is applied for the transient periods, it is worthwhile to note that UE should comply with regulatory requirements as well as other requirements set in [1] such as Output RF spectrum emissions (section 6.6) or Transmit intermodulation (section 6.7). It should also be noted that the period of measurement of UE maximum output power is defined as at least one sub frame (1ms).
For PRACH transmission, its ON power duration profile should comply with the time mask set in section 6.3.4.2.1 in [1].
Question 2: How would the transient period be defined when there are multiple TAGs? If the UE transmission power during the partial overlap exceeds Pcmax, would the transmit power of Cell1 in duration (A) or Cell2 in duration (B) in the figure be affected?
Answer 2: RAN WG4 has not considered modifying the transient period definitions because of multiple TAGs. As was indicated in answer 1 UE must comply with regulatory requirements. If UE transmission power during measurement period exceeds Pcmax then requirements cannot be guaranteed therefore UE may adjust its transmissions. This adjustment would affect transmit powers in Cell1 or Cell2 or both.
Question 3: If separate MPR/A-MPR needs to be used during the partial overlap period, what MPR/A-MPR value should be used? 
Answer 3: RAN4 is in opinion that the partial overlap period is too short to apply MPR/A-MPR schemes it is not desirable for the UE to change transmission power within that short time. 


In this contribution, we provide our view on the UE behavior for power limited case. Below we first outline the possible options for UE behavior as RAN1 solution, and then discuss potential way forward. 
2 Options for UE behaviour for power limited case
Following options can be considered as possible RAN1 solution. 
Option 1: Pre-configured allowed power per CC [3]
Maximum allowed power for each CC is configured semi-statically. Transmission power for a given CC shall not exceed the configured allowable power regardless of transmission power for another CC. For example, the maximum power for CC(i) is defined by the following equation: P(i)= α(i) x Pcmax, Σα(i) =1. 

This option is simple because maximum power for each CC is not dynamically changed. However, transmission power can not be fully utilized even if only one CC is assigned for uplink transmission, i.e. cause unnecessary restriction and reduce the coverage. Furthermore, since separate MPR/A-MPR during the overlap period is not desired as mentioned in the RAN4 reply, it is necessary to always apply worst case MPR/A-MPR value, which results in further limitation of the usable power. 

[image: image1]
Figure 1 pre-configured allowed power 
Option 2: Power scaling for whole subframe (i.e. constant power during subframe) when the total power exceeds Pcmax 
This option leads an excessive power reduction when only partial overlap period exceeds Pcmax even partial overlap period is at most 30us. This causes unnecessary coverage limitation. In addtion, the power during the transient period is necessary to be measured in order to calculate the total power when at least one CC is during the transient period. Currently the power during the transient period is not defined. 
In this option, power calculation for subframe n needs power for subframe n and subframe n+1 in different CC. Depending on the channel prioritization, an infinite loop of power calculation may occur. For example, power for {CC1, subframe 1} needs power for {CC2, subframe 1} and {CC2, subframe 2} that needs power for {CC2, subframe 2} that needs power for {CC1, subframe 2} that needs... In order to avoid above problem, a specific Cell (e.g. PCell, earlier timing Cell) should be prioritized. The following two alternatives could be considered. 
· Alt1: Prioritize PCell 
· Alt2: Prioritize earlier timing Cell
For Alt 1, PUCCH is protected. However, power calculation 1ms before is required. Such change of timing relation would cause a significant impact on the UE design. On the other hand, for Alt 2, PUCCH is not necessarily protected although power calculation timing is same as Rel.8~10. Therefore, both above alternatives are not preferred. 

Although the period of measurement of UE maximum output power is defined as at least one sub frame, this option needs the measurement of UE maximum output power over the overlapping period in RAN4.
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Figure 2 Power scaling for whole subframe 
Option 3: Puncture or power reduction of overlap symbol or period when the total power exceeds Pcmax

In this option, full overlap duration (intra-subframe overlapping) and partial overlap duration (inter-subframe overlapping) can be separately controlled as described below. 
· Full overlap duration: Same as Rel-10 power control including power scaling
· Partial overlap duration: when total power exceeds Pcmax, puncture (or power reduction) low priority channel. Because the partial overlap duration is intended to be covered by the transient period, it is up to UE implementation how to judge whether total power exceeds Pcmax. Puncture or power reduction may be up to UE implementation.
Because full overlap duration and partial overlap duration is separately controlled, an infinite loop (as in option 2) does not occur. Ideally priority of the channels would be:


PRACH > PUCCH > PUSCH w/ UCI > PUSCH w/o UCI. 
On the other hand, during the transient period, UE does not have to follow the priority rule because the waveform/power of CC during the transient period is implementaion specific and usually not constant. Therefore, to mandate the strict rule all the time is difficult. Therefore, in order to allow an implementation freedom but to recommend the implementation, to have "should" description in the spec on the priority of UL channels is one approach. 
Because the partial overlap period is relatively short compared with the whole subframe length, this option is the most efficient from power amplifier usage perspective and would achieve the best coverage of among all options for uplink CA operation. 
This option needs some work on defining a transient period for the punctured PUSCH in RAN4.
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Figure 3 Puncture overlap symbol
Option 4: Always puncture overlap symbol or period regardless of overlap period's power 
In this optoin, overlap symbol or period for low priority channel is always punctured when partial overlap between transmission channels happen (even in case of non-power limited). This is simple and the UE power is fully utilized. When only one CC is transmitted at the subframe level, the wider coverage is expected compared to option 1. On the other hand, this option causes throughput loss of around 8% when multiple CCs are simultaneously transmitted. 
This option needs some work on defining a transient period for the punctured PUSCH in RAN4.
3 Discussion 

According to above discussion and RAN4 LS, we compare the options in terms of a) coverage when only 1 CC is transmitted in a subframe, b) dynamic power sharing between CCs and c) impact on RAN4. Our observation is summarized in Table 1. 
According to the comparison, if we prioritize the minimum RAN4 work, the best way looks option 1.  If we prioritize the system benefit, i.e. coverage and dynamic power sharing, the best way looks option 3.

Table 1: Comparison of options

	
	Option 1:

Preconfigured power
	Option 2:

Power scaling for whole subframe
	Option 3:

Puncture or power scaling overlap period or symbol

when power exceeds Pcmax. 
	Option 4:

Always puncture overlap period or symbol 

	Coverage when only 1 CC is transmitted in a subframe
	Smallest
	Smallest
	Largest
	Close to option 3

	Dynamic power sharing between CCs
	Not possible
	Possible
	Possible
	Possible

	Impact on RAN4
	No impact
	Need power definition within overlap period 
	Need additional definition of transient period  
	Need additional definition of transient period


4 Conclusion

In this contribution, we discussed UE behavior for power limited case in the partial overlap duration. 
According to the discussion, if we prioritize to minimize RAN4 work, the best way looks the power sharing among CC is semi-statically preconfigured. If we prioritize the system benefit, the best way is to puncture or power scaling of overlap period or symbol. In this case, RAN4 work on transient period is needed. 
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