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1.1. Introduction

In this contribution, we have further analyze uplink transmission power in terms of eNB receive SINR and the transmission power CDF. We have done additional system level simulations in addition to simulation results shown in [1]. The simulations were conducted for the what we consider as typical uplink MIMO deployment and usage scenarios, mainly small cell deployments such as InH, UMi, and UMa. Additionally, we have roughly simulated different data traffic loading cases for each case in order to get some insight for non-full-buffer traffic models.
2.1. Simulation Results
We have simulated and analyzed results in various environments and various network operational parameters, of which seem reasonable from deployment perspective. 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. Detailed simulation parameters are shown in Annex A.
The following is a list of parameters we have simulated;
· Fractional Pathloss compensation factor ‘a’ : 0.7 and 1.0
· Network target IoT : 6 dB and 9 dB
· Simulation results for higher IoT values are shown in [1], but the extremely high IoT values may not b practical in actual deployment scenarios.
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)
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. This means that the actual percentage of power limited rank 3 transmission will be typically smaller than depicted in the results here.
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Figure 2- 1
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Figure 2- 2
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Figure 2- 3
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Figure 2- 4
[Figure 2- 1] to [Figure 2- 4] show Tx power distribution results in case of InH deployment scenarios. We can see that in InH the UE never resorts to high transmission power, where CM may affect the performance of the transmission. In all the different power control configurations, the UEs are not usually power limited.
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Figure 2- 5
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Figure 2- 6
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Figure 2- 7
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Figure 2- 8
[Figure 2- 5] to [Figure 2- 8] show Tx power distribution results in case of UMi deployment scenarios. We can see that in UMi power limited UEs are less than 1% for the full pathloss compensation power control configuration with high network target IoT value. For all other cases with fraction pathloss compensation power control or lower network target IoT values, total the power limited UE population is less than 0.1%. Even considering a implementation margin, taking into account of power headroom report error and so forth by considering maximum transmission power to be 21 dBm, the power limited UE population is still less than 1% for most cases and less than 3% for very specific cases.
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Figure 2- 9
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Figure 2- 10
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Figure 2- 11
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Figure 2- 12
[Figure 2- 9] to [Figure 2- 12] show Tx power distribution results in case of UMa deployment scenarios. We can see that in UMa is very much similar to UMi results.
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Figure 2- 13
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Figure 2- 14
[Figure 2- 13] and [Figure 2- 14] show one comparison result under data traffic different loads. Load simulation was conducted by simplified data traffic load control factor, where only certain percentage of UEs were offered data packets at given time instant. Data traffic load was simulated by uniform distribution data packet creation. Additional results under light traffic loads are shown in the Annex B.
From the traffic load simulation results, we can see that under light traffic loads the transmission power of UEs and the receive SINR of transmitted signal is increased. This is due to the fact that under light loads data is transmitted using larger bandwidths for each UE, causing higher power usage. Additionally, since only slight percentage of UEs are in fact transmitting in the system, the interference caused by UEs will decrease leading to higher received SINR. Even consideration of these factors, the results show that there is only slight increase of power limited UEs under light loads. The increase in power limited UE population is less than 2% compared to heavy traffic loads.
3.1. Conclusion

In this contribution, we have shown transmit power distribution profile for typical uplink MIMO deployment scenarios. From the results we can see that for most cases the UEs are never in transmit power limited status. For specific network power control configurations few percentage of the UE population lies in power limited status (between 21dBm~24dBm), but UE with actual Rank 3 transmission should be rather limited even these cases. Additionally, even though data traffic loading does change the transmit power distribution profile, the increase in power limited UE population seems marginal.
We believe higher MIMO transmissions will be typically focused in small cell deployment scenarios with high geometry. Therefore, we propose to optimize the rank 3 codebook for non-power limited situations (by utilizing matrices such as CMF [3]) to better support UEs in these typical deployment scenarios. Power limitation optimized codebook entries (such as CMP matrix [3]) to better support other deployment scenarios mentioned in [1] should be further considered and studied.
Reference
[1] LG Electronics, “R1-094181, Analysis of uplink transmit power distribution,” 3GPP TSG RAN WG1 Meeting #58bis, Miyazaki, Japan, October 2009.
[2] Huawei, “R1-093056, Power distribution of UL 4Tx precoding,” 3GPP TSG RAN WG1 Meeting #58, Shenzhen, China, August 2009.
[3] LG Electronics, “R1-093257, Consideration on rank 3 codebook design for UL SU-MIMO in LTE-A,” 3GPP TSG RAN WG1 Meeting #58, Shenzhen, China, August 2009.
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
as defined in ITU EVAL

	Carrier Frequency
	2.0 GHz

	Multi-Access
	SC-FDMA

	Maximum UE power
	24dBm (250mW)

	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

	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
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