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1.1. Introduction

In this contribution, we analyze uplink transmission power in terms of eNB receive SINR and the transmission power CDF. In conjuncture with typical rank distribution according to receive SINR in various channel environments, we may be able to get statistical information on the transmission power status for Rank 3 transmissions.
2.1. Simulation Results
We have simulated and analyzed results in various environments and various network operational parameters. Since the actual operation and configuration of power control parameters are rather up to the network operators, it would be insightful to get results from various combinations of parameters in various deployment scenarios.
The following is a list of parameters we have simulated;
· Fractional Pathloss compensation factor ‘a’ : 0.7 and 1.0
· Network target IoT : 9 dB and 17 dB
· note: Target IoT may differ from actual effective IoT (i.e. effective IoT may be smaller than target IoT values)
The following is a list of deployment scenarios we have simulated;

· ITU scenario : indoor hotspot (InH) with 10 UE in network (5 UE per cell)
· ITU scenario : Urban Micro (UMi) with 570 UE in network (10 UE per cell)
· ITU scenario : Urban Macro (UMa) with 570 UE in network (10 UE per cell)
· ITU scenario : Suburban Macro (SMa) with 570 UE in network (10 UE per cell)
· ITU scenario : Rura Macro (RMa) with 570 UE in network (10 UE per cell)
Figures from [Figure 2- 1] to [Figure 2- 5] show some simulation results of transmission power compared to receive SINR and its transmission power CDF. Note that the transmission power distribution plots depicts tx power of a UE without consideration of transmission rank, so we should keep in mind that exact percentage of power limited rank 3 transsimssion will be different (smaller than depicted here). More results with other parameters and different deployment scenario are shown in Annex B.
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Figure 2- 1. Tx power and Rx SINR distribution for Indoor Hotspot
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Figure 2- 2. Tx power and Rx SINR distribution for Urban Micro with a=1.0 FPC
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Figure 2- 3. Tx power and Rx SINR distribution for Urban Micro with a=0.7 FPC
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Figure 2- 4. Tx power and Rx SINR distribution for Urban Macro with a=1.0 FPC
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Figure 2- 5. Tx power and Rx SINR distribution for Urban Macro with a=0.7 FPC
Below are simulation results from link level simulation showing probability of a certain Rank selection in various channel environments (i.e. SCM-C and LTE-EVA) and receive SNR values. We have also simulated the Rank distribution with different types of precoding codebook (i.e. Release-8 4 Tx codebook dubbed ‘HH’, and LG Electronics uplink codebook proposal [2] dubbed LGE).
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Figure 2- 6. Rank distribution in SCM-C channel model with precoding codebook in [2]
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Figure 2- 7. Rank distribution in SCM-C channel model with precoding codebook in LTE Rel-8
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Figure 2- 8. Rank distribution in LTE-EVA channel model with precoding codebook in [2]
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Figure 2- 9. Rank distribution in LTE-EVA channel model with precoding codebook in LTE Rel-8
3.1. Analysis of simulation results

As seen in the simulation results, power limited UEs (UEs suffering from maximum power) irrespective of the rank is less than 10% of the entire UE population under InH, UMi, and UMa scenarios. However, more power limited UEs can be seen in large cell scenarios such as RMa and SMa (shown in the Annex). This is because the cell edge UEs in large cell typically needs to transmit more power compared to UEs in smaller cells. Again we should note that even in these larger cell scenarios, actual rank 3 transmission UE suffering from power limitation will be different (smaller than shown in the results in Annex). Power limitation also depends on what kind of power control is used in the network. If the network utilizes full pathloss compensation as compared to fractional pathloss compensation, the severity of the power limited UEs increase.
According to the Rank distribution results Rank 3 is typically selected in receive SNR ranges of 10 ~ 15 dB, which may be typical receive SINR in the uplink in certain network configurations. Thus the performance of Rank 3 may significant affect network performance under certain deployment scenarios and network configuration.
4.1. Conclusion

In this contribution, depending on network deployment scenarios and network operational configurations Rank 3 transmissions in the uplink may or may not be usually power limited. For small cells with fractional pathloss compensation power control and low system IoT, the power limited Rank 3 transmission are very limited. For large cells with full pathloss compensation (even fractional pathloss compensation) power control and high system IoT, the power limited Rank 3 transmission are quite frequent.
We believe most higher MIMO transmissions will be typically focused in small cell deployment scenarios with high geometry. Therefore it is very reasonable to optimize overall rank 3 codebook for non-power limited situations to better support UEs in these typical deployment scenarios, but we also understand that there are also certain deployment scenarios which may benefit from CM optimization of the codebook and optimizing some portion of the codebook for CM can be further considered.
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Annex A. Simulation Configuration
Most of the simulation parameters were configured according to ITU EVAL simulation scenario. The below is short summary of system level simulation parameters.
Table A- 1
	Parameter
	Value

	Simulation Cases
	InH, UMi, UMa, SMa, RMa
as defined in ITU EVAL

	Carrier Frequency
	2.0 GHz

	Multi-Access
	SC-FDMA

	Maximum UE power
	23dBm (200mW)

	Bandwidth
	10MHz (50RB)

	Traffic Model
	Full Buffer

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs
	20 UEs randomly dropped for InH
570 UEs randomly dropped for others

	Channel Model
	SCM

	Fading Speed
	3km/hr for InH, UMi, UMa, SMa
120km/hr for RMa

	Antenna configuration
	4x4

	HARQ Combining
	IR Combining

	Max number of HARQ process
	8

	Scheduler
	Proportional Fair
with continuous RB allocation constraint

	Receiver Algorithm
	MMSE with IRC

	Scheduling Delay
	4 TTI

	Interference coordination
	No inter-cell coordination

	Target block error rate
	10%

	Power control
	Fractional Pathloss Compensation Power Control with variable ‘a’

	Power Control Parameter
	a=0.7, 0.1


Annex B. Additional Simulation Results

Below are results from system level simulation under InH, UMi, UMa, RMa, SMa deployment scenerios, 9dB/17dB IoT network configuration, and full or fractional pathloss compensation power control scheme.
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