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1. Introduction

In this contribution, we present link-level performance results of the PDCCH with excessive repetition for an FDD system.  The results indicate that the coverage improvement requirement for PDCCH can be satisfied but significant changes in the UE procedure and/or content of the DCI will be required.  If the EPDCCH is used, it is expected that the coverage improvement requirement can be satisfied with excessive repetition.
2. Coverage Improvement for (E)PDCCH
Several possible link-level solutions for coverage enhancement of the (E)PDCCH were outlined in RAN1#72.    A short summary of each solution is provided below –

· Repetition/Low rate coding/Spreading: For the (E)PDCCH, this may include larger aggregation level (e.g. 64 or 128), repetition across multiple subframes, or spreading.
· Retransmission: Similar to repetition, retransmission may be used.
· New design or content: Different solutions are possible in this space, including reducing the DCI content.
· PSD boosting: In the DL, the eNB can boost power by stealing power away from other users or channels.  However, for narrowband system (e.g. 1.4 MHz) it may not be possible to boost power further.
3. Link-level Results

PDCCH:

Figure 1 illustrates PDCCH performance with 8 CCEs using simulation parameters outlined in Table 1.  A realistic I-FFT based channel estimator with a filter length of 20 subframes is used. Without repetition, the 1% BLER performance point of the PDCCH is achieved at -3.6 dB.  Using the minimum SINR requirement of -19.3dB for FDD as the guideline [2], it is seen from Figure 1 that this can be achieved using repetition factor of 80 with 3dB pilot (CRS) boosting.  Without the 3dB pilot boosting, a repetition factor of approximately 100 will be required.
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Figure 1.  PDCCH performance with repetition – 8 CCEs (FDD). 
Figure 2 illustrates the performance of the PDCCH performance with 4 CCEs.  For 1.4MHz system bandwidth, only aggregation size of 4 CCEs can be supported.  From the figure, it is seen that a repetition factor of 200 is required to satisfy the coverage requirement.  With 3dB CRS boosting, this number can be reduced somewhat.
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Figure 2.  PDCCH performance with repetition – 4 CCEs (FDD).
From the results it is seen that excessive number of repetitions is required.  Currently, PDCCH combining is not possible across subframes.  Further, if UE-specific search space is involved, then the number of possible blind decoding combinations becomes impractical. Thus, without changing the UE procedure, PDCCH performance requirement cannot be met.  Together with a procedure for combining the PDCCH across subframes, a very compact DCI may be used (e.g. via predetermined configurations with only the index signaled to the UE).  For instance, with a DCI size of 20 bits and 8 CCEs, an SINR of -8.1dB is required for 1% BLER.  In this case, a repetition factor of 35 is required to satisfy the coverage requirement.
EPDCCH:
Alternately, the EPDCCH may be used.  This will require low-cost MTC UEs to support DMRS-based demodulation.  Although EPDCCH results are not shown here, with diversity order of 4, the performance of the distributed EPDCCH is similar to that of the PDCCH.  The localized EPDCCH may offer better performance if accurate beamforming can be achieved.  
Based on the PDCCH results from Figure 1 and using EPDCCH aggregation level of 16, it is expected that a repetition factor of 40 will be required.  Although repetition is not currently supported for the EPDCCH, the addition of this feature should be straightforward.
4. Overhead Discussion 

From the results shown, it is seen that 100 repetitions are required for 8 CCEs and 200 repetitions are required for 4 CCEs.  This is for LTE devices with 2 received antennas deployed in system bandwidth of 10MHz.  For low-cost MTC devices which may have reduced bandwidth capability (e.g. 1.4 or 3 MHz), additional frequency diversity loss of 1-2 dB can be expected.  If only one receiver chain is present, then further 3-4 dB loss can be expected.  Thus, for low-cost MTC devices to operate at a target downlink SINR of -19.3 dB in 1.4MHz system bandwidth, a repetition factor in the order of 800 times may be required for cell-edge UEs.
Although it is expected that these devices will be scheduled during quiet period, there is still a considerable cost for all these repetitions.  For instance, using aggregation level 8 for PDCCH and 100 repetitions for 10 MHz, 800 CCEs will be taken by one single device for a single transmission.  This may be seen as 400 missed scheduling opportunities assuming an average CCE aggregation level of 2.  Alternately, it can be viewed as being able to schedule only one device in the downlink in 38 subframes (assuming CCEs are equally split between uplink and downlink scheduling). This overhead may be significantly worse for low-cost MTC devices.  If a reduced bandwidth of 1.4MHz is used and the device has only one receiver chain, then 3200 CCEs will be taken up.   This may be seen as 1600 missed scheduling opportunities or being able to only schedule one device in the downlink in 1 second.

5. Conclusions
Based on the results shown in this contribution, it is seen that the coverage improvement requirement for PDCCH can be satisfied but significant changes in the UE procedure and/or content of the DCI will be required.  Without changes to the UE procedure, the complexity grows exponentially with the number of repetitions as UE will need to check different combinations across subframes.
If the EPDCCH is used, then it is expected that the coverage improvement requirement can be satisfied with excessive repetition.  If the size of the DCI can be reduced, then the number of repetition required may be reduced substantially. 
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Table 1. Link-level simulation parameters for PDCCH.
	Parameter
	PDCCH

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz 

	Minimum Required SINR
	-19.3 dB [FDD]

	Channel Estimation
	I-FFT based with FIR filtering across subframes , filter length = [20]

	Performance Target
	1% BLER


