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Discussion/Decision
1 Introduction

An open issue whether PH for non-scheduled CC is useful information or not is being discussed. In our view, the information is useful for single PUSCH scheduling while may not for multiple PUSCH scheduling. Starting from that point, the paper discusses further how to model per-UE PHR and per-CC PHR. In the conclusion, it is suggested to model per-CC PHR as the mechanism for the single PUSCH scheduling and per-UE PHR for the multiple PUSCH scheduling. 
2 PH for single PUSCH scheduling
In carrier aggregated uplink transmission, there are two types of scheduling.

· Single PUSCH scheduling, where UE performs PUSCH transmission only in a single Cell

· Multiple PUSCH scheduling, where UE performs PUSCH transmissions in multiple Cells
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Figure 1
The question whether PH of the non-scheduled CC is useful or not should be examined case by case. 

For single PUSCH scheduling like ‘A’ or ‘C’, the question is whether PH of CC 2 and/or CC 3 (that are non-scheduled ones) would be useful information for ENB. The answer may be ‘Yes’.  The PH (calculated from the virtual format and virtual Pcmax) of CC 2 and CC 3 provide the information w.r.t how much transmission power will be available for the UE if the UE is scheduled in the corresponding CC alone. The information may be used for ENB to schedule the UE in CC3 at ‘E’ (i.e. for the single PUSCH scheduling in the same CC). In our understanding, it was the motivation of the current agreement that PH of all configured (or activated) CCs is reported. 

One issue is if there would be any impact on a CC’s MPR by assuming virtual transmission on another CC. One may argue that the MPR taken for CC 1 for the real transmission may be distorted from the virtual transmission of CC2 or CC3. However, our understanding is that virtual transmission is virtual transmission and there is no reason to bother to consider additional mechanism to reflect the impact of the virtual transmission (which means as literally no transmission). There seems no gain and no motivation for it. In fact, single PUSCH transmission/scheduling is exactly same as REL-8 PUSCH transmission. The way that PCMAX and PUSCH transmission power are calculated in REL-8 could be reused for REL-10 single PUSCH transmission, where MPR is determined with the transmission on the concerned CC only. Hence in our view, provided that per CC PH is for single PUSCH scheduling, PH of a CC should be determined based on the transmission of the CC alone. It means that MPR used for per CC PH calculation could be different from the MPR that is actually applied. For example as shown in the figure 2 below, when UE is scheduled in two CCs, the actual MPR is determined with the both CC’s transmission taken into account (it is 3 dB in the figure). If per-CC PH of each CC is determined from the actual MPR (case 1), reported PH of CC 1 and of CC 2 would be not that useful for single PUSCH scheduling, since different MPR will be used for the single PUSCH transmission. As will be discussed later, per-CC PH is not useful for multiple PUSCH scheduling. Hence the per-CC PH determined with other CC’s transmission also taken into account is not useful for either single PUSCH scheduling nor multiple PUSCH scheduling. The PH that is needed for single PUSCH scheduling is the one calculated from the MPR that is determined with the concerned CC only. As shown in the figure, even with the same transmission format and all other conditions identical, the MPR could be different depending on whether there is another PUSCH transmission or not. If PH is determined with only the transmission of the concerned CC taken into account, the reported PH would more correctly reflect the power status of the CC for the single PUSCH transmission.       
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Figure 2
In case of multiple PUSCH transmission, the question is e.g. whether PH of CC 3 reported at ‘B’ is useful. The exactly same logic can be applied that the PH will be useful for the single PUSCH scheduling in the CC 3. Following observations are made.

Observation 1: PH of the non-scheduled CC is useful for single PUSCH scheduling of the corresponding CC.

Observation 2: In deriving PH of a CC (regardless of whether it is scheduled one or non-scheduled one), only the transmission of the concerned CC should be considered. 

3 PH for multiple PUSCH scheduling
Per-CC PH for multiple PUSCH scheduling

For multiple PUSCH scheduling, PH of non-scheduled CC may not be useful at all. For example, let’s assume that PH of CC 1, of CC 2 and of CC 3 are reported at ‘A’. The information does not provide much help for ENB to schedule CC 1 and CC 2 at the same time at ‘C’. Since ENB does not have any idea on how multiple PUSCH transmissions interact with each other, PH of each CC would not be good information to be considered for multiple PUSCH scheduling. It is true regardless of whether per-CC PH is calculated for the scheduled CC or non-scheduled CC. For example, let’s assume below scenario.
	
	A) PH reported at ‘A’
	B) PCMAX,CC (used by UE)
	C) PUSCH power (used by UE)
	D) PUSCH power (estimated with 3 dB error)

	CC1 (scheduled)
	6 dB
	20 dBm
	14 dBm
	11 dBm

	CC2 (not scheduled)
	12 dB
	23 dBm
	11 dBm
	8 dBm

	CC3 (not scheduled)
	10 dB
	23 dBm
	13 dBm
	10 dBm


Since column B and C are unknown to ENB, it has to make scheduling decision only with the information given in column A. There are number of uncertainties regardless whether it is based on the actual transmission or virtual transmission. 
1) Uncertainty of PCMAX,CC
2) Further uncertainty of PCMAX,CC if it is affected by the transmission of other CC 

Given the range of MPR, the uncertainty could be quite high. Because of the uncertainty, ENB is not able to correctly derive the real PUSCH power, hence cannot estimate the overall PUSCH power. The only way for ENB to take would be being very careful in multiple PUSCH scheduling if no other information is given. It should be noted that the PH of the scheduled CC may be as useless as the PH of the not-scheduled CC because aforementioned uncertainty of MPR is applied to both the scheduled CC and the non-scheduled CC. Hence it is more correct to say that per-CC PH is not useful for multiple PUSCH scheduling
Observation 3: per-CC PH is not useful for multiple PUSCH scheduling.

On the other hand, if ENB is aware of per-UE PH for a certain combination of CCs, the information would be useful for the multiple PUSCH scheduling for the same combination. In the next chapter, it will be discussed.
Per-UE PH for multiple PUSCH scheduling
Per-UE PH is the difference between the UE maximum power and the sum of PUSCH powers. Since it is dB, the reported power headroom is applied to all the contributing CCs. Let’s look at following scenario.
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Figure 3
As can be seen in the example above, per-UE PHR is the clear indication on how much dB increase is allowed for all the scheduled CCs (e.g. If per-UE PHR is calculated from CC 1 and CC 2 and indicates x dB , transmission power of CC 1 and of CC 2 can be increased by x dB). However it has some limitation as well. 
· Limit 1: It works when MPR does not change significantly in the different situations (e.g. different channel conditions and/or different transmission formats).
· Limit 2: It gives the information only for the given combination of the scheduled CCs. If the combination changes, the information is useless.
Discussion on the limit 1
The first limit is fundamental. MPR is in principle UE specific and applies only for the maximum transmission power. One cannot expect the same MPR applied for the different situations. Since MPR for multiple PUSCHs is not discussed yet in the full detail in RAN4, let’s discuss the uncertainty of the MPR based on REL-8 single PUSCH.  
Just for discussion, let’s define following terminologies first. 

Defined MPR: It is the upper bound of power reduction that UE can take to meet the requirement. It includes MPR, A-MPR and ΔTC and specified in 36.101.

UE specific MPR: It is the actual power reduction that UE takes to meet the requirements. 

Defined MPR is known both for UE and ENB. It is a function of variables such as transmission format (MCS and # of RBs), RB location, frequency band and channel bandwidth (of the corresponding cell). Among those variables, transmission format and RB location could be different scheduling by scheduling. Hence defined MPR (and consequently UE specific MPR) is dynamically changing depending on the scheduled resource and MCS. For example, the MPR taken in t1 and taken in t2 may be different to lead to power shortage problem.
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Figure 4
Even in the same scheduling, MPR could be different depending on the channel condition. It is because MPR is mainly affecting PCMAX, and PCMAX affects the actual transmission power only when the required transmission power exceeds it. On the other words, if the channel condition is sufficiently good and the actual transmission power is well below the PCMAX, PCMAX itself does not make any difference and one may or may not consider the MPR in determining PCMAX. Let’s assume that for a given scheduling instance (x RBs, y MCS,..), defined MPR is z dB. If the channel condition is good, UE specific MPR may be 0 dB because the actual transmission power is below the maximum power. If the channel condition is bad, UE specific MPR may be w (< z) dB because the actual transmission power is above the potential maximum power. 

From the discussion, following observations are made.

Observation 4: Per-UE PHR indicates how much power increase is possible for the given combination of scheduled CCs.

Observation 5: Per-UE PHR of a given scheduling/combination could be invalid for different scheduling because of UE specific MPR variation w.r.t scheduled resource/MCS.

Observation 6: Per-UE PHR of a given scheduling/combination of a given time instance could be invalid for the same scheduling at a different time instance because of UE specific MPR variation w.r.t channel condition.

To be fair, it should be noted that the problems described in the observation 5 and 6 exist in REL-8 PHR as well.

Discussion on the limit 2
Per-UE PH reported for the combination of [CC1, CC2] is not valid for multiple scheduling of e.g. [CC1, CC3] or [CC2, CC3]. As the number of combinations increases (if 5 CCs are activated, the number of combinations is 13), the scope of a given combination decrease. It leads to the question on how to design Per-UE PHR trigger, which would not be simple to answer. One can consider to trigger Per-UE PHR whenever the combination of scheduled CCs changes. One can consider triggering Per-UE PHR whenever multiple PUSCH scheduling takes place. Anyway the first question would be whether or not Per-UE PHR should be supported at the expense of such complexity.
The need for Per-UE PHR

The key question is how important multiple PUSCH scheduling would be. Given the typical UL bandwidth of a single UL resource (i.e. 20 MHz) and the typical uplink peak data rate of widely used contemporary applications (i.e. thousands of kbps), there seems not much demand for multiple PUSCH scheduling in practice. However, it is also true that it is not possible to predict what will come in next 5 years. In that sense it would be more logical to provide means to achieve an acceptable level of efficiency for multiple PUSCH scheduling. Probably, the effort to define simple Per-UR PHR mechanism independently from per-CC PHR should continue.
Other mean for multiple PUSCH scheduling
It may be considered, instead of introducing Per-UE PHR, to accept the inefficiency of multiple PUSCH scheduling and limit its usage only in the cell centre (where channel condition is sufficiently good so that conservative scheduling still fully utilize the available resource). In this approach, ENB should estimate the PUSCH power of each CC most conservatively (i.e. assuming that UE is using the transmission power already in the high level, i.e. UE uses PCMAX_H as the PCMAX,CC in reporting PH of the CC), hence the transmission power of multiple PUSCH scheduling will always be well below the PCMAX. The inefficiency may not be unacceptable because anyway the main use case of REL-10 will be one UL CC.
4 Suggestions
In the light of the observations made in the discussion part, we suggest to agree to the following principles;

· Per-CC PHR is for single PUSCH transmission/scheduling
· Per-CC PH of a CC should be determined with the uplink transmission of only the concerned CC taken into account. 

· Per-UE PHR is for multiple PUSCH transmission/scheduling

· Per-UE PH should be determined with all the actual uplink transmissions taken into account.

· Considering that multiple PUSCH transmission/scheduling is possible with per-CC PHR to some extent, phased approach might be useful. 
· In REL-10, only Per-CC PHR is standardized
· Per-UE PHR or other means for better multiple PUSCH scheduling is considered in the future release.
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