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1 Introduction
During the discussion in Rel-10, many companies presented their considerations on the issue of UL multi-antenna power control and several conclusions have been made as follows:
The agreements in RAN1 #62bis:
· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

The agreements in RAN1 #63:
· No tx chain imbalance compensation standardized in Rel-10.
· No non-zero 
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 value for TM2 in Rel-10. 

From the agreement above it is obvious that per antenna power control is not adopted in LTE-A Rel-10. 
In RAN 51, in the study item Enhanced Uplink Transmission for LTE, one open issues of the SI is:
· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation

· uplink channel-independent MIMO schemes
· enhancement to uplink power control
In this contribution, we evaluate the performance between total power control and per antenna power control and some other observations will be presented.
2 Discussions
In this document, we first discuss the necessity and possibility of per antenna power control and then present some considerations of two parameters in the PC formula.
Per antenna PC in UL MIMO
Many companies gave out their viewpoints on per antenna power control in R10 [1-6] and it seems that per antenna PC is unacceptable because of the following reasons:
· Per antenna PC means the parameters in the PC formula should be not only CC specific but also antenna specific and that will result in the increase of signalling overhead. Meanwhile, it makes per antenna PC more complicated than total PC.
· Taking into account of the UE battery consumption, the gain achievable of per antenna PC remains unclear.
· From the aspect of basic principle of per antenna PC, the antenna which has larger path loss will derive more power allocation. In a word, more power will be allocated to the weaker antenna and this is opposite to the optimal power allocation based on water filling principle in MIMO system.
It seems that if per antenna PC is applied, the above disadvantage is inevitable. But there is still no clear evidence to suggest that the benefit of per antenna PC is limited. We evaluate the influence of AGI and per open loop on PC without considering the impact of TPC command and the result is presented in table 1:
Table1: 3GPP Case 1, performance of different PC method with AGI
	Power Allocation Scheme
	Equal power allocation
	Water filling

	PC Scheme
	total PC
	total PC
	per  antenna open loop PC
	per antenna PC(open loop & closed loop)
	per antenna PC(open loop & closed loop)

	AGI (dB)
	0
	3
	3
	3
	3

	System Spec Eff(b/s/Hz/Sec)
	2.2183
	1.9543
	1.9873
	2.3523
	2.3572

	Cell edge Spec Eff (b/s/Hz/Sec)
	0.0786
	0.0692
	0.0706
	0.0824
	0.0816

	IoT(dB)
	3.870
	2.805
	2.832
	6.138
	5.997


From the result we can conclude that AGI existed between different receive antennas obviously decrease system performance. Comparing the total PC with per open loop PC there is little gain in both system spectrum efficiency and cell edge spectrum efficiency when the IoT are kept at the same level. It means when the transmission power of UE is confined, the increase of the benefit of per antenna open loop PC is limited.. Without IoT control, we can also observe that performance also increase when per antenna closed loop PC is applied in the system. The performance of system spectrum efficiency and cell edge spectrum efficiency improve significantly with dramatic increase of IoT. 
In the actual system, the imbalance gain is caused by many factors such as different shadowing fading, path loss and RF performance. It is impossible for the UE to calculate and confirm AGI value between different antennas and therefore AGI compensation is not necessary. 
Based on the result, we propose:
1. Per antenna PC should not be applied in UL MIMO system.
Parameter consideration in PC formula
In R10 LTE-A Uplink, the following PC formula is applied to the PUSCH:
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With the introduction of SU-MIMO, some PC parameters need to be extended.
First, from the viewpoint of multi-antennas, PL is different between multiple receive antennas. It is not appropriate to use the same PL measurement as the final PL evaluation. Some modification of PL value needs to be considered.
Second, the parameter 
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is a power offset based on transmission mode. In case of
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, power is divided among multiple transmission antennas according to the ratio of precoding weights. In case of 
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, power is adapt to scheduled MCS and may cause a subset of antennas derive more power which may exceed the PA capacity. So 
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should be extended to SU-MIMO system and that means non-zero 
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should be introduced.
PL derivation 
Considering the difference of PL between multiple antennas, many method of PL measurement has been proposed such as choosing the max or min PL as the PL value, averaging multiple PL as the PL value, linearizing multiple PL as the PL value, or choosing the fixed PL as the PL value, etc. 
In the document we compare two method of PL measurement. One of them is using the averaging PL value and the other is using the min PL value. The performance of two kind of PL measurement is presented below:
Table2: 3GPP Case 1, simulation results with different PL estimation
	
	Averaging PL
	Min PL

	AGI (dB)
	3
	3

	Average System Spec Eff(b/s/Hz/Sec)
	2.1339
	1.9543

	Average Cell edge Spec Eff (b/s/Hz/Sec)
	0.0592
	0.0692

	IoT(dB)
	3.438
	2.805


From the table we can see that the performance of PC using average PL is better than the performance of PC using min PL. That is because average PL can reflect the real PL much more precise than min PL. The purpose of the simulation is emphasizing that PL estimation in R10 need to be modified for UL MIMO One problem need to be clear is that no matter which PL estimation method is adopted it is difficult and complex to measure these different PL. So we propose ：
2． PL measurement for UL MIMO is FFS.
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setting
According to the agreement in RAN1#63, in case two TB are transmitted, Ks=0, which means 
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is disabled. As proposed in [8-9], the MPR is decided as the sum of MPR of TB1 and TB2 and each MPR is calculated separately. As the total transmission power is equally divided between the TBs and also between the transmit antennas, the benefit of separate 
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setting cannot be behaved on respective TBs. Concerning the transmission and retransmission case even CQI-only case, it may be complicated to set the parameter 
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in the total PC formula. 
So we think that non-zero 
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should be applied for multiple codeword transmission case. But the value of 
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should be independent with the number of codeword and TB. Thinking that we use total power control there is no need to set different MPR according to different TBs. So 
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and the value of 
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 in the case of two TBs transmission is FFS.
3 Conclusion
In this contribution, we evaluate the performance of per antenna PC and discuss the definition of some PC parameters and propose:
1. Per antenna PC should not be applied in UL MIMO system.
2. PL measurement for UL MIMO is FFS.
3. Non-zero  
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in 
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needs to be applied for multi-codeword transmission and
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setting of two TB should be studied further.
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Appendix 
Table 3 Simulation assumptions for system level simulation
	Parameter
	Assumption

	Simulation scenarios
	3GPP Case1 in TR25.814

	CellularLayout (wrapped around)
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	PL[dB] = 128.1 + 37.6*log10(d) d in kilo-meters

	Shadowing standard deviation
	8dB

	Penetration loss
	20dB

	Moving speed
	3km/h

	UE Max transmission power
	23dBm

	subframe-config
	 FDD

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	antenna configuration
	UL: 2x4 Uncorrelated co-polarized antenna
vertical antenna used(3D)

	eNB antenna configuration
	Uncorrelated co-polarized (4-wavelength separation)

	UE antenna configuration
	Vertically polarized (0.5-wavelength separation)

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Subband size
	1PRB

	HARQ
	HARQ-CC with maximum 4 transmission

	Receiver algorithm
	MMSE

	Channel estimation error
	non-ideal

	Power control
	FPC scheme  alpha=0.6,  P0=-60dBm 
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