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Discussion/Decision
1 Introduction

Overall PHR operation in carrier aggregation is a bit unclear. The problem is that how uplink power is determined in multiple carrier transmission is not crystal clear yet. This contribution presents Samsung’s view on following issues.
· Overall operation w.r.t uplink power setting in case of multiple uplink transmissions 
· How to define PCMAX, PCMAX,C
· How power reduction affects the power headroom
2 Discussion
2.1 Overall operation in uplink power setting

In REL-8, uplink power setting is two step procedure. When a UE is scheduled for uplink transmission, 

1) 

it first calculates the required PUSCH power as following.



Required PUSCH power = 10log10(# of RBs) + ΔTF + PO_PUSCH + α•Pathloss + TPCs


where, TPCs is the accumulated TPC commands, PO_PUSCH is the sum of cell specific offset and UE specific offset, and ΔTF is the 


value derived from the coding rate.

2) 

then it checks whether the required PUSCH power exceeds the PCMAX to scale it to the allowed maximum 
transmission power if so. Hence the transmission power is as following.


Determined PUSCH power = min(PCMAX, required PUSCH power)
In case of multiple carrier transmission, things becomes more complex because the actual transmission power which is the sum of the individual CC’s PUSCH power is to be bounded by a upper limit and at the same time individual CC’s PUSCH power is also need to be bounded by another upper limit. Hence, two types of maximum power are used; PCMAX, PCMAX,C. 

Our understanding is that when UE is scheduled with multiple uplink transmissions, it first calculates the required PUSCH power individually by the same way of REL-8. Then the PUSCH power of CCs are are added together. If the summed value exceeds PCMAX, transmission powers are scaled equally to meet the upper limit. Thus the operation when UE is scheduled in two P/Scells could be summarized as below.
1) 
Required PUSCH power of the 1st P/Scell is calculated


Required PUSCH power of C1 = 10log10(# of RBs) + ΔTF + PO_PUSCH,C1 + α•Pathloss_C1 + TPCs_C1
2) 
Limit the PUSCH power of the 1st P/Scell by PCMAX,C1.


Determined PUSCH power of C1= min(PCMAX,C1, required PUSCH power)

3) 
Required PUSCH power of the 2nd P/Scell is calculated.


Required PUSCH power of C2 = 10log10(# of RBs) + ΔTF + PO_PUSCH,C2 + α•Pathloss_C2 + TPCs_C2
4) 
Limit the PUSCH power of the 2nd P/Scell by PCMAX,C2.


Determined PUSCH power of C2= min(PCMAX,C2, required PUSCH power)
5) 

Determined PUSCH power of 1st P/Scell + Determined PUSCH power of 2nd P/Scell

6) 
Limit the total power by PCMAX  and scale the transmission powers equally if needed.


If Determined PUSCH power of C1 + Determined PUSCH power of C2 < PCMAX, transmission power of C1 = Determined PUSCH 



power of C1 and transmission power of C2 = Determined PUSCH power of C2



If Determined PUSCH power of C1 + Determined PUSCH power of C2 > PCMAX, transmission power of C1 and transmission power of 


C2 are equally scaled to make the sum equal to PCMAX. 

Figure 1 shows an example of the operation.
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Step 3. Summation
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Fig1.
2.2
How to define PCMAX,C and PCMAX
In the assumed operation, what matters in determining PUSCH power of each CC is PCMAX,C. Also the procedure to determine PUSCH power of each cell is exactly same as the procedure to determine PUSCH power in REL-8. Hence it is logical to consider PCMAX,C of REL-10 and PCMAX of REL-8/9 are same in nature. PCMAX of REL-8/9 is not a static value but a value chosen by UE in the given range of PCMAX_L and PCMAX_H. 

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

PCMAX_L = MIN { PEMAX – ΔTC,  PPowerClass – MPR – A-MPR – ΔTC} 


PCMAX_H = MIN {PEMAX,  PPowerClass} 

Roughly speaking, PCMAX is a value between a maximum value (which is govern by power class of the UE and the maximum allowed power of the cell) and a minimum value  (which is governed by the amount of maximum power reduction).

As indicated above, we believe PCAMX,C is in nature same as REL-8/9 PCMAX, hence could be defined very similarly e.g. as following. 


PCMAX_L,C  ≤  PCMAX,C  ≤  PCMAX_H,C 

PCMAX_L,C = MIN { PEMAX,C – ΔTC,  PPowerClass,PA – MPR – A-MPR – ΔTC} 


PCMAX_H,C = MIN {PEMAX,C,  PPowerClass,C}

PEMAX,C can be the value as like REL-8 PEMAX given by IE P-Max of the corresponding cell. PPowerClass,C is the maximum output power allowed for the CC. It may be relevant to Power Amplifier linked to the CC, which is RAN4 decision. It would be enough for RAN2 to note that this type of definition is one of likely direction and can progress the relevant discussion in RAN 2 based on it.
PCMAX in the context of the carrier aggregation (hereafter REL-10 PCMAX) is different from REL-8 PCMAX in a sense that REL-10 PCMAX is the upper limit for the combined multiple uplink transmissions (hence not needed for the single uplink transmission) . REL-10 PCMAX can either be a static value or a value within a given range. If an additional power reduction due to multiple uplink transmission is required, REL-10 PCMAX would also be defined as a value within a range. Otherwise, single static value would be enough. It is RAN4 work scope and premature discuss it in RAN2 at this moment.  
2.3
How power reduction affects the power headroom

In the last meeting it has been argued that MPR may affect the power headroom (hereafter PH), and ‘per UE PHR’ would be required to handle this. Indeed, power reduction affects PH already in REL-8. The question is whether it should be handled better for REL-10. 
To answer the question, it is necessary to understand why power reduction is required. Actually power reduction may not be a correct terminology. It is rather reduction on the maximum power (i.e. PCMAX). UE should meet the requirement on spurious emissions. In certain circumstances, it may not be possible for UE (depending on UE capability on e.g. filtering) to meet the requirement if the uplink transmission power determined by the normal upper limit is used. In such case, UE is allowed to reduce the uplink power within the predefined range. High-end UE may not need to reduce the uplink power at all while low-end UE should reduce the uplink power a lot. Since reducing the power degrade the QoS, there should be a defined limit for power reduction. It is the reason why PCMAX is defined as a value within a range (between PCMAX_L and PCMAX_H) instead of a single value. PCMAX_L is the lower limit toward which UE is allowed to reduce the power. Three types of power reduction parameters are defined and affect PCMAX_L; MPR, A-MPR and ΔTC. 
MPR is the allowed maximum power reduction due to modulation/channel bandwidth. It is defined in table 6.2.3-1 [1], and shown below.

Table 6.2.3-1:  Maximum Power Reduction (MPR) for Power Class 3
	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


The maximum MPR is 2 dB e.g. in case when UE is scheduled with 16QAM and more than 18 RBs in 20 MHz system. 
A-MPR is the allowed maximum power reduction due to additional requirement which may be regional/band specific. It is defined in table 6.2.4-1, 6.2.4-2 and 6.2.4-3 [1]. See the annex for the tables.
The range of A-MPR is very wide. It is 1 ~ 3 dB in most cases. However it could be very high for band 13(and NS_07) such as 3 ~ 12 dB. We understand such high A-MPR is not an usual case though.
ΔTC  is the allowed maximum power reduction applied when the transmission is at the edge of the band ;[within FUL_low and FUL_low + 4 MHz] or [FUL_high – 4 MHz and FUL_high]. It is always 1.5 dB.
As a consequence of those power reduction parameters, PCMAX_L could be different case by case. Couple of examples below. For simplicity, both PEMAX and PPowerClass are assumed to be 23dBm.
<Table 1>

	Case
	PCMAX_L
	UE behaviour

	UE is scheduled with 20 RBs/16QAM in 20 MHz cell : MPR = 2 dB.
	MIN { PEMAX – ΔTC,  PPowerClass – MPR – A-MPR – ΔTC} = MIN {23 – 0, 23 – 2 – 0 – 0} = 21 dBm
	UE choose its PCMAX in [ 21 ~ 23 dBm]

	UE is scheduled with 19 RBs/QPSK in 20 MHz cell : MPR = 1 dB

UE is signalled with NS_03 and is operating in band 2 : A-MPR = 1 dB

The scheduled resource is at the edge of band 2: ΔTC = 1.5 dB
	MIN {23 – 1.5, 23 – 1 – 1 – 1.5} = 19.5 dBm
	UE choose its PCMAX in [ 19.5 ~ 23 dBm]

	UE is signaled with NS_07 and in region A. It is scheduled with 8 RBs whose RB indexes are 0 ~ 7: A-MPR = 8 dB
	MIN {23 – 0, 23 – 0 – 8 – 0} = 15 dBm
	UE choose its PCMAX in [ 15 ~ 23 dBm]


Since the amount of power reduction is UE specific, ENB is not able to know exact UE power status already in REL-8. So to say, when UE sends PHR at t0, ENB does not know what PCMAX UE has assumed in calculating PH. What ENB knows is the range in which PCMAX is in between. Thus ENB should risk the uncertainty in assumed power headroom when it schedules the UE with different rate (i.e. # of RBs and MCS). In the worst case power headroom estimation error could be as high as the difference between PCMAX_H and PCMAX_L. As shown in the figure 2, the error leads to power scaling that degrade QoS.
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Fig 2. PH estimation error due to PCMAX uncertainty
The power headroom estimation error due to UE specific power reduction has already existed since REL-8. Even though the maximum error could be quite high, we believe it would stay marginal most cases. In REL-10, multiple uplink transmissions may increase the estimation error. For example, UE may be required to reduce the maximum power additionally in multiple uplink transmissions. However this is to be discussed in RAN4.

Even if there is additional power reduction due to multiple uplink transmissions, it seems not resolved by introducing per-UE PHR. The problem of the power reduction comes from that ENB does not know which PCMAX,C or PCMAX UE will choose. Reporting the difference between PCAMX and the sum of PUSCH powers of all UL CCs does not give any useful information on it.
3 Conclusion
In the light of above discussion, followings are proposed.

P1: To have the overall operations in section 2.1 as an working assumption.

P2: To delay the discussion on UE power reduction until the issue is settled down in RAN4. 
Reference
[1]

36.101 v9.3.0

	TEXT PROPOSAL


J.4
MAC procedures

As in Rel-8/9, there can only be one BSR per transport block but in a TTI, there can be several BSRs:

-
zero or one Regular/Periodic BSR; and

-
zero, one or more Padding BSRs.

All BSRs transmitted in a TTI always reflect the buffered data left after all MAC PDUs have been built for the TTI. When an LCG is reported in several BSRs of the same TTI, the same value shall be indicated. When more than one serving cell allows a Regular/Periodic BSR to be sent in a TTI, the UE can choose the serving cell in which the Regular/Periodic BSR is sent.

At least one additional BSR table is introduced for the support of higher data rates.

In uplink, the maximum number of HARQ transmissions is configured by the eNB and applies to all serving cells.
In case of uplink transmissions on the multiple cells, UE first determines the uplink transmission power of each cell, where each of them is limited by corresponding PCMAX,C. UE then checks whether the sum of determined uplink transmission powers exceed PCMAX to see whether to scale the determined transmission power to meet PCMAX. The results after possible scaling are the transmission powers on the corresponding cells. 
Annex. A-MPR tables captured from 36.101
Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA

	NS_03
	6.6.2.2.1
	2, 4,10, 35, 36
	3
	>5 
	≤ 1

	
	
	
	5
	>6
	≤ 1

	
	
	
	10
	>6
	≤ 1

	
	
	
	15
	>8
	≤ 1

	
	
	
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	TBD
	TBD
	TBD
	

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	Table 5.6-1
	n/a

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	10
	Table 6.2.4-2
	Table 6.2.4-2

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 29
	≤ 1

	
	
	
	
	> 39
	≤ 2

	
	
	
	
	> 44
	≤ 3

	NS_09
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 55
	≤ 2

	NS_10
	
	20
	20
	Table 6.2.4-3
	Table 6.2.4-3

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	


Table 6.2.4-2: A-MPR for “NS_07”

	 
	Region A
	Region B
	Region C

	RB_start1
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	L_CRB2 [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4               For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
  


Table 6.2.4-3: A-MPR for “NS_10”

	 
	Region A
	Region B

	RB_start1
	[0 – 15]
	[76 – 90]

	L_CRB2 [RBs]
	[1-25]
	[1-23]

	 A-MPR [dB]
	≤[5]
	≤[5]

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4               For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
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