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Discussion and Decision
1 Introduction
At the RAN1#80 meeting, it was decided to organize RAN1 e-mail discussion to agree on simulation assumptions for evaluation of the UL SINR CDF(s) for the UCI feedback design [1] in the framework of CA enhancement. The summary of e-mail discussion and related agreements were captured in [2].
In this contribution, we provide the pathgain distribution and UL SINR distribution for the agreed deployment scenario and evaluation assumptions. The analysis is presented for calibration purposes and drawing initial conclusions on PUCCH UL SINR operating points in agreed scenario.
2 System Level Simulation Setup
The system level parameters for current evaluation were taken from Small Cell Enhancement SI scenario 2a described in Annex 1.2 [3] . For analysis, we use the following settings of the PUCCH power control defined in specification:
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In our simulation, the open-loop power control scheme was assumed to fully compensate for long-term channel variations from the serving cell to the UE. The parameter 
[image: image2.wmf]PUCCH

P

_

0

 was configured to check the following set of the target received SNR values (i.e. 5/10/15dB). It can be expected that the actual SINR is less than the corresponding Target SNR values when inter-cell interference is considered. In addition, all UEs in the deployment have the same Target SNR settings. The small scale fading is not modeled in presented simulations. In addition, as it was agreed during e-mail discussion [2] the following set of  parameters was set to 0 including 
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In each simulation trial, 60 UEs are dropped in a macro cell geographical area following the UE dropping procedure provided in [3]. For cell association, the radio channel between each eNB and UEs is calculated taking path loss and shadow fading into account. The serving cell for a given UE is determined based on the RSRP for intra-frequency and RSRQ for inter-frequency cell selection. 
The UL SINR distribution has been studied under the assumption that a same fixed number of interfering UEs (i.e. 0, 1, 3 and 5) are randomly selected for transmission in the same PRB in each neighbor cell(s). Based on the channel realizations and the interferers, a signal-to-interference and noise ratio (SINR) is calculated for each link and receive antenna according to the following definition:
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The detailed list of simulation assumption is provided in Appendix A.
3  Simulation Results
The distributions of the pathloss and downlink geometry SINR for the SCE scenario 2a are shown in Figure 1 for the purpose of calibration of system level simulators. The SCE scenario 2a with 1 cluster per macro cell with 4 small cells per cluster is used in current study. The association procedure results in association of 51% of UEs with Macro nodes and 49% of UEs with small cells (pico nodes).
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Figure 1. Pathgain CDF and Geometry DL SINR CDF
It can be seen that UEs associated with small cell nodes have 10-20dB better pathloss comparing to UEs associated with macro nodes which results in lower UL transmit power at small cell UEs. 
Observation 1
· UEs associated with Macro cells have larger propagation loss comparing to the small cell UEs 
For UL geometry SINR evaluation it was assumed that each UE transmits UCI in 1 PRB bandwidth on the pico eNodeB operation frequency. In order to emulate inter-cell interference the predefined number of UEs from each cell having the same carrier frequency was randomly selected for PUCCH transmission. 
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Figure 2. UL Geometry SINR CDF for UEs associated with Macro and Small Cells
Figure 2 shows the UL SINR distribution for the UEs associated with the Macro eNBs (left side) and Small Cell eNBs (right side). From inter-cell interference perspective the following two scenarios were analysed: 

1) Inter-cell interference free scenario
As it is shown in Figure 2, in case of high Target SNR value equal to 15 dB, all Small cell UEs are able to compensate eNB-to-UE pathloss and achieve Target SNR value. At the same time, about 13% of Macro UEs cannot fully compensate eNB-to-UE pathloss due to power limitation and, hence, cannot achieve the selected Target SNR value. For the cases of 10 dB and 5dB Target SNR, the number of power limited Macro UEs is equal to 4% and 0.5% accordingly.

2) Inter-cell interference scenario with 1, 3, 5 interferers per each cell
As it can be seen from Figure 2, in this case the received UL SINR is far away from the specified Target SNR value both at Macro and Small cells. It should be noted that both Macro and Small cells UEs have the similar UL SINR distribution. The low UL SINR values can be explained by the dense small cells deployment (4 small cells are dropped in 50m circle area) that may lead to strong inter-cell interference even for the case of low power uplink transmissions.

It should be noted that UL SINR significantly depends on the number of inter-cell interferers. The large number of multiplexed UEs leads to significant UL SINR degradation. For 15 dB Target SNR, the number of Macro UEs with UL SINR less than 0 dB is increased from 3% for the case of one interferer per cell, to 15% and 35% for the case of 3 and 5 interferers per cell respectively. The similar behavior is observed for UEs associated with Small cells.

Observation 2

· In inter-cell interference free scenario, the considerd target SNR values are not achieved for a relatively small percentage of UEs.
· In the presence of inter-cell interference, the UL SINR is significantly reduced both at Macro and at Small Cells. The UL SINR is sensitive to the number of UEs multiplexed in the same PRB from each cell.
4 Conclusions
In this contributioin we have presented initial UL SINR distribution statistics for the SCE scenario 2a. Based on evaluation results presented in this paper the following observations can be made:
Observation 1
· UEs associated with Macro cells have larger propagation loss comparing to the small cell UEs
Observation 2

· In inter-cell interference free scenario, the considerd target SNR values are not achieved for a relatively small percentage of UEs.
· In the presence of inter-cell interference, the UL SINR is significantly reduced both at Macro and at Small Cells. The UL SINR is sensitive to the number of UEs multiplexed in the same PRB from each cell.
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Appendix A

In this section we provide simulation assumptions used for system-level analysis

	Parameter
	Value

	Deployment scenario

	Evaluation scenario
	Scenario 2A from TR 36.872 [3]

	eNB Deployment
	1 Small cells cluster per macro cell, 4 Small cells per cluster

	eNB Noise figure
	7 dB, according to Section A.2 of TR 36.872 [3]

	Signal parameters

	UCI Bandwidth
	1 PRB

	PUCCH UCI power control parameters
	h(nCQI, nHARQ, nSR) = 0, g(i) = 0,ΔF_PUCCH(F) = 0, ΔTxD(F’)=0  

	PUCCH power control parameters
	Target SNR = [5; 10; 15] dB

	Interference model

	Number of transmit UE per cell
	[0; 1; 3; 5] per each neighbor cell

	Intra-cell interference
	No interference

	Interference UE selection
	Random

	Interference signal bandwidth
	1 PRB

	Interference UE power control parameters
	Same as for victim cell UE transmission
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