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Introduction
During RAN1#80, it was recognized that to progress on the design of a new PUCCH format supporting feedback for up to 32 carriers, more information is required on the SINR that can be achieved in a realistic scenario. An email discussion [80-02] took place on the methodology and assumptions for this study.
The following assumptions have been proposed by the rapporteur:
· Definition of UL SINR as the ratio between the received signal power and the total received interference plus noise at the serving eNB;
· Small cell scenario 2a deployment;
· UL SINR at both macro and small cell eNB is evaluated;
· Power control for PUCCH is as in 36.213 (path loss based) with parameters to be specified;
· Interferers are randomly selected (number is to be specified).
In this contribution, we provide results for the UL SINR of PUCCH under various conditions according to the above assumptions and discuss possible implications on the design of carrier aggregation up to 32 carriers.
Methodology
The UL SINR is generated for Scenario 2a and 1, 2 and 4 clusters of 10 cells [1] and a large number of UE’s.
In case PUCCH is assumed to be transmitted to a macro cell, each UE is associated to the macro cell with the highest RSRP. In case PUCCH is assumed to be transmitted to a small cell, a UE is associated to the small cell with the highest RSRP, provided that it is not weaker than 6 dB below the highest RSRP of a macro cell. 
The transmission power of a UE is determined according to the following:

, where


= 0 and is set to 23 dBm.



The term  is assigned a range of values corresponding to a range of SINR targets corresponding to a potential new PUCCH format, and using an interference margin of 3 dB. The range of SINR target values evaluated are shown below. The table also shows corresponding possible values for the number of RB’s, supported payload and parameters and . 
	Target SINR (dB)

	Number of RB’s
	Approximate payload (bits)
	
(dBm) using 3 dB margin
	
(dB)

	
	
	
	Macro cell
	Small cell
	

	-3.5
	1
	10
	-124.4
	-119.4
	4.5

	0
	1
	~25
	-124.4
	-119.4
	8

	5
	2
	>40
	-121.4
	-116.4
	13

	15
	3
	>70
	-119.7
	-114.7
	23

	25
	4
	>100
	-118.4
	-113.4
	33


In the above, the values for “approximate payload” are based on extrapolating the power adjustment formula used for PUCCH format 3 to larger payloads. Given that more efficient coding can potentially be applied for larger payload sizes, these figures should be considered conservative.
The interference to a given UE is calculated assuming that any UE connected to another cell is transmitting on the same resource (interfering) with a certain probability. Each interfering UE is assumed to use the same power control parameters (i.e., SINR target) as the desired UE. The interfering UE’s are randomized in multiple iterations to generate the CDF of the UL SINR. The values for the average density of interfering UE’s (Ni) are: 0, 1, 3 and 6 per macro cell area. In a practical system, this value may depend on the traffic intensity and on the amount of resources available for PUCCH.
Results
Simulation results have been generated for a range of values of Target SINR and average density of interfering UE’s. Some examples of CDF’s are shown on Figures 1 and 2 below.
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Figure 1. CDF of SINR in macro cells, scenario 2a, 1 cluster of 10 cells, density of 1 UE per macro cell area
[image: ]
Figure 2. CDF of SINR in small cells, scenario 2a, 1 cluster of 10 cells, density of 1 UE per macro cell area
From the above graphs it is apparent that for the same geographical density of interferers, performance is much better in the small cell layer.
The following Figures show the probability for PUCCH to meet (or surpass) the SINR target as a function of SINR target and for different density of interferers. In each Figure the line with Density = 0 corresponds to the case of no interference (only thermal noise).
[image: ]
Figure 3. Probability of achieving SINR target in macro cell for different densities of interferers per macro cell area.
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Figure 4. Probability of achieving SINR target in small cell (1 cluster/macro scenario) for different densities of interferers per macro cell area.
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Figure 5. Probability of achieving SINR target in small cell (4 clusters/macro scenario) for different densities of interferers per macro cell area.


The following observations can be made from the results:
· The probability of achieving a certain SINR for a given density of interfering UE’s is much better for PUCCH transmitted to a small cell than to a macro cell.
· In the absence of interference, almost any UE transmitting PUCCH to a small cell can achieve SINR as high as 25 dB. In a macro cell about half of the UE’s could achieve SINR of 25 dB.
· For PUCCH transmitted to a small cell, the percentage of UE’s that can support large payloads (SINR of 25 dB, >~ 100 bits) remains significant even for a density of up to 3 UE’s per macro area. The performance tends to improve with a higher density of clusters (for a given density of UE’s per area) as the probability of being served by a close small cell increases. However, for a density of 1 UE per macro area 10% of UE’s cannot achieve SINR higher than about 5 to 10 dB.
· For PUCCH transmitted to a macro cell, the percentage of UE’s that can support payload of more than ~10 bits starts to degrade significantly beyond a density of 1 interferer per macro cell area. For a density of 1 interferer per macro cell area, 60% of UE’s cannot achieve SINR higher than 5 dB and 95% of UE’s cannot achieve SINR higher than 15 dB.
Observation 1: For PUCCH transmitted to small cell, SINR of 25 dB can be achieved by a significant fraction of UE’s and for a low density of interferers (1 UE per macro cell area).
Observation 2: For PUCCH transmitted to macro cell and a low density of interferers, the majority of UE’s cannot achieve SINR beyond 5 dB. 
Assuming that 5 dB SINR may support a payload of the order of 40 to 50 bits, this means that in case PUCCH is transmitted to the macro cell, a majority of UE’s would not be able to benefit from aggregation of 32 carriers unless HARQ-ACK compression is used.
Possible implications of these observations on the design of PUCCH for up to 32 carriers are the following:
· The design of a new PUCCH format operating at SINR of 20 to 25 dB would be beneficial for the scenario where PUCCH is available on the small cell layer;
· HARQ-ACK compression is required for the majority of UE’s transmitting PUCCH on a macro cell to benefit from aggregation up to 32 carriers.
Conclusion
This contribution provided results for the UL SINR of PUCCH in a small cell scenario. The following observations were made:
Observation 1: For PUCCH transmitted to small cell, SINR of 25 dB can be achieved by a significant fraction of UE’s and for a low density of interferers (1 UE per macro cell area).
[bookmark: _GoBack]Observation 2: For PUCCH transmitted to macro cell and a low density of interferers, the majority of UE’s cannot achieve SINR beyond 5 dB. 
Possible implications of these observations on the design of PUCCH for up to 32 carriers are the following:
· The design of a new PUCCH format operating at SINR of 20 to 25 dB would be beneficial for the scenario where PUCCH is available on the small cell layer;
· HARQ-ACK compression is required for the majority of UE’s transmitting PUCCH on a macro cell to benefit from aggregation up to 32 carriers.
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Appendix – simulation assumptions
	Macro eNB noise figure
	2 dB

	Small cell eNB noise figure
	7 dB

	Maximum UE power
	23 dBm

	RSRP threshold for connection to small cell
	RSRP of best macro cell – 6 dB

	Target SINR
	[-3.5  0  5  15  25] dB

	Interference margin
	3 dB

	Average density of interfering UE’s using same Target SINR
	[0  1  3  6] per macro cell area
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