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1. Introduction

Concerning power scaling of  the uplink power control for LTE-Advanced, the following was agreed during RAN1#59bis meeting and the subsequent email discussion [1]：
· PUCCH power is prioritized; 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.
In this contribution we discuss the remaining open issues on power scaling:
· Whether or not to reduce the power of PUSCH with UCI when the maximum power is reached, and the scaling rule between the PUSCHs transmitted in different CCs.
2. Discussion

2.1 Power scaling priority for PUSCH with UCI
Agreements on the basic principle of power limitation for CA are as follows [1]:
Maximum power limits:
1. There is a max power for the total UE transmits power (provided by RAN4).
2. There is a CC-specific max power signalled by the network.
Max power difference between CCs:
1. RAN1 assumes that maximum power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4.
2. The maximum power difference of simultaneous PUCCH and PUSCH transmissions on the same CC or same band CC may need to be limited depending on input from RAN4.
2.3.1 Power scaling scenario 
As agreed that PUCCH power is prioritized, we prefer not to consider the PUCCH channels, the power to be allocated here is the remaining power, if the PUCCH channels do exist. To study the power scaling rule when the sum power of several CCs exceeds the UE-specific max power, or the PA-specific max power in case of PA sharing, three intra-band contiguous CCs with PUSCH are transmitted simultaneously as shown in Fig.1, where PUSCH with UCI is transmitted in CC1, and PUSCH w/o UCI is transmitted in the other two CCs. 
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Figure 1. Simultaneous PUSCHs with different data types
2.3.2 Power scaling scheme
The scheme of power scaling between PUSCH with UCI and PUSCH w/o UCI is as follows:

Step 1: Calculate the CC-specific power for CC i (i=1, 2, 3).

Step 2: Judge whether the sum of 
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(i=1,2,3) is larger than 
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, if the answer is positive, then adjust the power for CC i (i=1,2,3) according to the following rule: 
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Step 3: If any of the above-mentioned three calculative results is negative, set the corresponding power to zero, and then go to step 2 until all the power are non-negative.

The
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here is the priority indicator for PUSCH with UCI. The larger
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 is, the lower priority the PUSCH with UCI is. While to CC2 and CC3 carrying only PUSCH, they have the same power scaling factor.
2.3.3 System level evaluation
The simulation assumptions are given in the Appendix 1, no power boosting for UCI is used in CC1, as the scenario is the aggregation of three intra-band contiguous CCs , the PL values for each CCs based on RSRP measurement are assumed to be the same. CDFs of the SINR distribution for UCI with different beta-offset are shown in Fig.2, and the total throughput of three CCs is shown in Fig.3. 
Figure 2. SINR distribution, UCI, 4 REs
Taking into account the link performance shown in [4] and SINR distribution shown in Fig.2, It can be seen that only when 
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is larger than 0.8, 95 % availability (SINR>-3dB) for DL UCI at BER level of 1% can be guaranteed, and the availability of UCI is increasing with the decreasing of 
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.
Figure 3. Total throughputs of 3 CCs
It can be seen that with the increasing of beta, i.e. the priority for PUSCH with no UCI is increasing, the total throughput of three CCs shows an up trend. But the possibility that the total throughputs may be decreasing still exists, as with the increasing of
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, the throughput will not deserve the corresponding gain while sacrificing the reliability of UCI, and this performance deterioration may become serious with the increasing of RBs allocated to the CC with UCI. 
Thus, in order to get reasonable reliability for UCI transmission and appropriate data throughput, the value of
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 for PUSCH in CC1 should be scaled according to average channel quality. 

We also emphasize that, to guarantee the reliability of PUSCH transmission with UCI and the appropriate throughput, the value of 
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 should be chosen depending on the practical channel quality.
Proposal 1: Once the total transmission power exceeds the maximum UE power capabilities, generally, no power reduction applied to PUSCH CC with UCI is preferred. 
2.2 Power scaling for PUSCH

When PUSCH of one carrier is retransmitting, the UE shall allocate the required power to perform the retransmission before allocating the remaining power to the carrier performing the new transmission. When there are two concurrent retransmissions, the power is split the same way as the case where there are no retransmissions [2].
So if the priority factor 
[image: image14.wmf]b

for PUSCH with UCI equals to zero, that is, power of PUSCH with UCI isn’t be reduced, the power scaling order would be as follows: 

1) PUSCH which perform the new transmission; 

2) PUSCH which perform the retransmission; 

3) PUSCH with UCI; 

4) PUCCH. 

2.4.1 Power scaling factor for PUSCH
Now we report two schemes of power scaling to support transmission over multiple CCs when the calculated UE TX power exceeds the maximum UE TX power. The case with only PUSCH new transmission is considered, though the proposed formula can easily be generalized to the case of PUSCH retransmission.
The scenario is still shown in Fig.1, and the beta for CC1 is zero. So the power split scheme is between CC2 and CC3.

Scheme 1: Same power scaling factor
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Scheme 2: The priority for PUSCH with high MCS is higher than the PUSCH with relative low MCS. In case of the MCS is similar, the priority for PUSCH with wider bandwidth is higher than the PUSCH with relative narrower bandwidth.
According to the power allocation formula: 
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It can be seen that in case of CC-specific
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are respectively same, the MCS and the bandwidth are directly related with the power calculated. So for simplicity, scheme 2 can be alternatively expressed as follows: the priority for PUSCH with high allocated power is higher than the PUSCH with relative lower power.  
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Scheme 3: As the RB number and MCS to be scheduled are dependent on the SINR of each CC, so PUSCH with high SINR should have higher priority.
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2.4.2 System level evaluation

This section presents the assumptions and results of the system simulations based on the above-mentioned three schemes which were generalized to three CCs with new PUCCH transmissions. The complete simulation assumptions are given in the Appendix 2 and CC-specific 
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are respectively same, that is -80dBm and 0.8. The throughput per RB is shown in Fig.4.
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Figure 4. Throughput per RB
It can be seen that the throughput of scheme2 is relative higher than scheme1, and no extra complexity exists in the UE operation. 

Thus, in order to guarantee the quality of data transmitted in high MCS, and get reasonable reliability for PUSCH with wide bandwidth to avoid the high overhead of retransmission. We prefer scheme 2.

Proposal 2: In case of concurrent transmission of several CC with PUSCH only, if the total transmission power exceeds the maximum UE power capabilities, the relative small power reduction is applied to PUSCH with high MCS and/or large bandwidth.
3. Conclusion
In this contribution we analyzed power limitation in power control for LTE-Advanced, and gave out the following proposals:
Proposal 1: Once the total transmission power exceeds the maximum UE power capabilities, generally, no power reduction applied to PUSCH CC with UCI is more prefered. 
Proposal 2: In case of concurrent transmission of several CC with PUSCH only, if the total transmission power exceeds the maximum UE power capabilities, the relative small power reduction is applied to PUSCH with high MCS and/or large bandwidth.
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APPENDIX 1- Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 7 cell sites, 

3 sectors per site

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8 dB

	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	SCM Urban Micro

	UE power class
	23dBm

	Number of CCs
	3

	Bandwidth of each CC
	20 MHz

	Number of RBs per CC
	 Randomly generated from [0:5:100]

 4 RE for UCI( CC1 only )


APPENDIX 2 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 7 cell sites, 

3 sectors per site

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8 dB

	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	SCM Urban Micro

	UE power class
	23dBm

	Number of CCs
	3

	Bandwidth of each CC
	20 MHz

	Number of RBs per CC
	Randomly generated from [0:5:100]
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