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1 Introduction 
In LS [1] RAN1 indicated two types of PHR i.e.

· Type 1 power headroom report computed as: P_cmax,c minus PUSCH power
· Type 2 power headroom report computed as: P_cmax,c minus PUCCH power minus PUSCH power
RAN1 further asks RAN2 to investigate following issues:
1. The triggering mechanisms
2. Whether the two report types are always transmitted in the same subframe or in different subframes

3. The number of bits used

4. The component carriers the reports are transmitted on 

Since PUCCH will only transmit on the UL PCC, so the type2 PHR will only be valid on UL PCC. This means for UL SCC only type1 PHR will be valid. And how to trigger type1 PHR on SCC become a triggering issue which is only valid under carrier aggregation circumstance. This separate issue is discussed in our paper [2]. So this paper only discusses PHR on UL PCC.
2 Discussion
When PHRs are transmitted mainly there are 3 scenarios in terms of uplink transmission:

Scenario1: simultaneous PUSCH and PUCCH transmission 
Scenario2: PUSCH transmission only

Scenario3: PUCCH only or no transmission

Scenario3 depends on the conclusion on the issue4. If RAN2 decide that PHR will only be transmitted via its own UL CC then scenario doesn’t exist. Otherwise then PHRs on UL PCC are triggered and the PHRs are transmitted via another UL SCC then scenario3 should be considered:
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Figure 1 scenario 3
Before diving the analysis of PHR transmission we should first investigate what is the potential usage of PHR. PHR reflects how much power is left compared to previous PUSCH transmission before Pcmax,c is reached. eNB can decide on the coming scheduling of PUSCH e.g. to increase the transmitting power of PUSCH or to change MCS or to schedule more RBs etc. based on this information. And when PHRs are reported both UE and eNB don’t know next scheduled PUSCH will be transmitted simultaneously with PUCCH or not. So eNB need know both type2 of PHR to deal with two kind of scheduling outcome: PUSCH transmission only or both PUSCH,PUCCH transmission because these two types of PHRs are different and can’t deduce with each other even both PUSCH and PUCCH are transmitted simultaneously i.e. scenario1. 
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Figure 2

In Figure3 the usage of type1 and type2 PHR are depicted:
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Figure 3  usage of type1/2 PHRs
In ANNEX the uncertainty of Pcmax is depicted. So far RAN4 has not concluded how Pcmax,c is decided. Considering potential power back-off due to simultaneous PUSCH/PUCCH transmission we would assume this kind of uncertainty still exists. In another word eNB actually doesn’t know what the exact Pcmax,c is when PHR is reported.
And in [1] RAN1 indicated power back-off should be considered when calculating PHR. However how much back-off is taken by the UE is also unknown by the eNB. This means when power back-off occurs then Pcmax,c for type1 and type2 is different.

Furthermore the power control on PUCCH and PUSCH is independent. So the power control error of PUCCH and PUSCH is also independent. So eNB know neither the real transmitting power of PUCCH and PUSCH nor the changed part between two transmissions. 

Based on above reason type1 and typ2 PHR is completely independent i.e. they can’t be deduced with each other. So in scenario1 both type1 and typ2 should be reported. In scenario2 we also believe both type1 and type2 PHR should be reported. Since no PUCCH transmission occurs one way is to take RAN1’s recommendation i.e to take format 1a as reference format to compute type2 PHR. 
As for the scenario3, virtual type1 PHR can reflect PL and f(i) roughly. And virtual type2 PHR can reflect PL and f(i) ( PUSCH power control adjustment state) as well as g(i) ( PUCCH power control adjustment state) roughly. Since power control on PUSCH and PUCCH is independent, basically we also think virtual type1 and type2 PHR should be reported simultaneously. Another way to calculate type1 and type2 PHR is to refer one real uplink transmission which is closest to the triggered PHR on PCC [x].
Proposal1: type1 and type2 PHR should be always reported in the same subframe.

If proposal1 is acceptable then we don’t see any difference in terms of trigger. Mainly there are trigger in Rel8/9 i.e. periodical trigger and PL change trigger. If type1 and type2 PHR is transmitted always in the same subframe then periodical trigger should be the same. And since these two type PHRs occur in the same UL PCC i.e. everything related to the PL is the same, so PL change trigger should also be the same.
Proposal2: same trigger scheme should be taken both for type1 and type2

3 MAC CE design
New MAC CE should meet following requirement:
1, CC index information is optional included because PHR of one CC maybe transmitted via another CC

2, type1 and type2 PHR should be differentiate 

3, no backward compatible issue
First of all there seems no reason to change the value range of PHR i.e. 6 bit can be kept for both type1 and type2 PHR. and new LCID is needed to enable backward compatibility. 
The Rel8/9 PHR MAC CE is as following:
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Figure 4
These two R bits can be redefined as:

	R
	R
	Description

	0
	0
	CC index

	0
	1
	Type1 PHR

	1
	0
	Type2 PHR

	1
	1
	Reserved


Table 1
If the two R bits indicated CC index information then the rest 6 bit is a bitmap of CC index:
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Figure 5

CC index bitmap is only needed when one PHR is transmtted via another CC. And it should be set as 1st Octet so eNB can know whether CC index bitmap is included or not. And PHRs are listed in order of the CC in the bitmap from high bit position to low bit position or vice versa.
Here is one example of PHR reporting assuming 1 UL PCC and 2 UL SCCs. At one subframe type1 PHR of the 2 SCCs and type1/2 PHR of the UL PCC are transmitted via UL PCC. Then the MAC CE should looks like:


[image: image6.emf]R R E 1 1 0 0 1

0 0 R x x 1 1 1

1 0 x x x x x x

0 1 x x x x x x

0 1 x x x x x x

0 1 x x x x x x

LCID=11001

CC index bitmap, left most one is PCC

Type2 PHR of UL PCC

Type1 PHR of UL PCC

Type1 PHR of UL SCC1

Type1 PHR of UL SCC2


Figure 6
4 Conclusion 
Proposal1: type1 and type2 PHR should be always reported in the same subframe.

Proposal2: same trigger scheme should be taken both for type1 and type2

Proposal3: to agree the MAC CE format in section 3
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6 Annex Pcmax uncertainty in Rel8/9
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Figure 7
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Figure 8
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