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Introduction
This contribution presents evaluation results for the SINR distribution of PUCCH under agreed assumptions for calibration. The contribution also shows the effect of resource utilization on the UL SINR of UE’s transmitting PUCCH on the small cell carrier.
Calibration results
Simulations have been run for calibration purposes under assumptions agreed in [1]. A large number of snapshots is generated. In each snapshot a random combination of UE is selected such that exactly 1 UE in each cell is active, and statistics for the UL SINR of each UE are collected. The CDF of the UL SINR of PUCCH is obtained for the following populations:
· All UE’s
· All UE’s for which the DL SINR is within +/-1% of a certain percentile (10%, 50% or 90%)

The results are shown in Figures 1 to 3 for Case 1, Case 2 (for UE’s selecting the macro carrier) and Case 2 (for UE’s selecting small cell carrier) respectively. Carrier selection in Case 2 is based on RSRQ (assuming full buffer conditions) and 0 dB offset.
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[bookmark: _Ref419466038]Figure 1. CDFs of UL SINR in Case 1 (All UE’s transmit PUCCH on the macro carrier).
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Figure 2. CDFs of UL SINR in Case 2, for UE’s transmitting PUCCH on the macro carrier.
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Figure 3. CDFs of UL SINR in Case 2, for UE’s transmitting PUCCH on the small cell carrier.
The following observations can be made from the results:
· The UL SINR statistics are better for Case 2 than for Case 1, including for UE’s transmitting PUCCH on the macro carrier. The explanation for this is that the possibility of selecting the best layer in Case 2 improves the path gain statistics not only for the UE’s that would select the small cell carrier but also for UE’s that would select the macro carrier, as shown in Figure 4.
· There is higher sensitivity to the downlink geometry in Case 1 than for Case 2, including for UE’s transmitting PUCCH on the macro carrier. This is because a larger proportion of UE’s find themselves in power-limited situations when the macro carrier needs to be selected.
· The UL SINR is only slightly better for UE’s selecting the small cell carrier compared to UE’s selecting the macro carrier in Case 2. The reason for this is that a relatively small proportion of UE’s transmitting to the macro carrier are power-limited in Case 2. It should be noted, however, that this observation may be to a large extent an artificial consequence of the calibration assumption that exactly 1 UE is interfering in from each neighbor cell. This assumption corresponds to a much larger number of active UE’s in the small cell carrier than in the macro carrier. In practice, one would expect a larger number of active UE’s per macro cell than per small cell, such that the performance should be relatively better for the small cell carrier.

[bookmark: _GoBack][image: ]
[bookmark: _Ref419466050]Figure 4. CDF of path gain to serving cell for different Cases.
Effect of resource utilization
In this section we show the effect of varying the resource utilization in the small cell layer. In practical scenarios with non-full-buffer traffic, the actual resource utilization of the system is typically well below 100% such that for a significant fraction of small cells there may not be any active UE transmitting on PUCCH. Indeed, this was the justification for the introduction of the Small cell on/off feature in R12 [2]. To evaluate the effect of this we start from the same simulation assumptions as for the calibration but apply a probability of activity (or interference) from each UE ranging from 25% to 100%. The results are shown in Figure 5 below. It can be observed that under more realistic load conditions (e.g. 50%) the median UL SINR can improve by approximately 5 dB. 
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[bookmark: _Ref419473548]Figure 5. Effect of resource utilization on the UL SINR of UEs transmitting on the small cell carrier.
Observation: The UL SINR of UE’s transmitting PUCCH on the small cell carrier may be significantly better than calibration results under realistic load conditions.
Conclusion
This contribution presented evaluation results for the SINR distribution of PUCCH under agreed assumptions for calibration. The contribution also showed the effect of resource utilization on the UL SINR of UE’s transmitting PUCCH on the small cell carrier. The following observations were made:
· The UL SINR statistics are better for Case 2 than for Case 1, including for UE’s transmitting PUCCH on the macro carrier.
· There is higher sensitivity to the downlink geometry in Case 1 than for Case 2, including for UE’s transmitting PUCCH on the macro carrier. 
· The UL SINR is only slightly better for UE’s selecting the small cell carrier compared to UE’s selecting the macro carrier in Case 2.

The contribution also studied the effect of resource utilization on the UL SINR of UE’s transmitting PUCCH on the small cell carrier. It was shown that the UL SINR of these UE’s may be significantly better than calibration results under realistic load conditions.
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