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1
Introduction
The transmission of the PDCCH takes place [1]:

· Spanning the entire system bandwidth
· On resource elements in the first L OFDM symbols (L≤3)
Different formats are attained by

· Aggregation of multiple control channel resource elements, hence achieving lower code rates
The cost in the transmission of each PDCCH comes in the following forms:
· Power utilization

· PHY resource elements used (number of control channel elements)
The goal of this contribution is to assess the cost to transmit the PDCCH for different scheduling strategies.  
2
Analysis
2.1
Simulation Assumptions
In order to assess the cost to transmit the PDCCH, first we need to look at the type of scheduler. Indeed, it is very different to schedule a UE when the channel conditions (as reported by the CQI) are benign to whenever a high priority transmission needs to take place in order to meet some particular target delay budget. 

Therefore, in the context of this contribution we look at two different scheduling strategies:

· Proportional Fair scheduling (PF)

· Delay sensitive scheduling (DS)

The companion [2] performs a link level analysis of the PDCCH. As can be seen, 1% BLER for the TU channel model is achieved with a 

· Es/Nt per antenna ≈ 0dB with code rate 1/3 
or

· Es/Nt per antenna ≈ -3dB with code rate 1/6

If we consider the Es/Nt per antenna as the CQI, we can look at the cost to transmit the PDCCH for different scheduling strategies. 
The simulations are based on a system level simulator with the same assumptions as in [3]. 
2.2
Simulation Results

We look at two metrics:
· Scheduled CQI: the CQI for the scheduled packets

· PDCCH outage

The PDCCH outage is rather an arbitrary metric, however, we define in the following way. A UE is in outage if
· Outage Criterion 1: 10% of the scheduled CQI is below 0dB for PDCCH coding rate 1/3 or below -3dB for PDCCH coding rate 1/6
· Outage Criterion 2: 90% of the scheduled CQI is below 0dB for PDCCH coding rate 1/3 or below -3dB for PDCCH coding rate 1/6
Figure 1 and 2 show the scheduled CQI for the PF and DS schedulers, respectively. These plots are obtained aggregating statistics from all the UEs in the system. 
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Figure 1. CDF of scheduled CQI for PF scheduler
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Figure 2. CDF of scheduled CQI for DS scheduler

As can be seen from the Figures, and not surprisingly, the scheduled CQI is roughly the same as the geometry for the DS scheduler. 
For the PF scheduler, there is a shift from the geometry curve to the scheduled CQI with a gain that depends on the geometry at which the UE is. 

Figures 3 and 4 show the percentage of users that are on (PDCCH) outage for the PDCCH transmitted at code rate 1/3 and 1/6, respectively, and with a PF scheduler and for outage criterion 1 (10% of the scheduled PDCCHs are below 0dB with PDCCH code rate 1/3 or below -3dB with PDCCH code rate 1/6). 
Figures 5 and 6 show the percentage of users that are on (PDCCH) outage for the PDCCH transmitted at code rate 1/3 and 1/6, respectively, and with a PF scheduler and for outage criterion 2 (90% of the scheduled PDCCHs are below 0dB with PDCCH code rate 1/3 or below -3dB with PDCCH code rate 1/6).

Figures 7 through 10 show the same for a DS scheduler. .
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Figure 3. Outage criterion 1 statistics for PF scheduler with PDCCH R = 1/3

[image: image4.emf]-5 0 5 10 15

0

10

20

30

40

50

60

70

80

90

100

Geometry, dB

Percentage of users in outage

PF Scheduler


Figure 4. Outage criterion 1 statistics for PF scheduler with PDCCH R = 1/6
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Figure 5. Outage criterion 2 statistics for PF scheduler with PDCCH R = 1/3
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Figure 6. Outage criterion 2 statistics for PF scheduler with PDCCH R = 1/6
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Figure 7. Outage criterion 1 statistics for DS scheduler with PDCCH R = 1/3
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Figure 9. Outage criterion 2 statistics for DS scheduler with PDCCH R = 1/3
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Figure 8. Outage criterion 1 statistics for DS scheduler with PDCCH R = 1/6
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Figure 10. Outage criterion 2 statistics for DS scheduler with PDCCH R = 1/6

As we can see from Figures 3 through 10, the (PDCCH) outage for services or applications requiring DS scheduler is considerably larger than that obtained with a PF scheduler. 
We show the results with two extreme outage criterion (10% and 90% of the scheduled PDCCHs are below 0dB for code rate 1/3 or below -3dB for code 1/6) to get more insight for different operating points. 
3
Conclusion
Based on the presented analysis, the following recommendations are made:
· The transmission of the PDCCH comes with a non-trivial overhead of PHY resources and power allocation
· DS scheduling strategies make the cost to transmit a single PDCCH very high when compared to a PF scheduling approach.
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