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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we evaluate following points related to M-PDCCH. 
- PRB bundling, including the effects of precoding diversity for both distributed and localized
- Performance of localized mapping vs distributed mapping.
We also provide our view on PRB bundling for M-PDCCH.
M-PDCCH evaluations
PRB bundling, including the effects of precoding diversity
Distributed mapping
Cross-PRB channel estimation (= PRB bundling) for distributed mapping is evaluated in the condition of EPA, fD = 1 Hz, and RFO = 100 Hz. The further detailed parameters are listed in the Appendix A and detailed simulation results with BLER performance are shown in Appendix B. When the number of the repetition is 8 and more, cross-subframe channel estimation with 4 subframes and frequency hopping with hopping interval of 4 subframes are used. When the number of the repetition is 4, cross-subframe channel estimation with 4 subframes and no frequency hopping is used. When the number of the repetition is 1, neither cross-subframe channel estimation nor frequency hopping is used. The frequency difference of frequency hopping is 5 MHz. When precoding diversity is used, precoding vector is randomly selected at each PRB or each bundled PRBs.
Table 1 summarizes the required SINR for achieving BLER = 102.
Table 1	Required SINR for achieving BLER = 102
	Number of repetitions
	1
	4
	8
	16
	32
	64

	No PRB bundling
	No precoding diversity 
among PRBs
	2.9 dB
	-1.3 dB
	-6.9 dB
	-9.1 dB
	-11.6 dB
	-13.8 dB

	
	Precoding diversity
among PRBs
	2.1 dB
	-2.1 dB
	-7.6 dB
	-9.8 dB
	-12.4 dB
	-14.6 dB

	2 PRBs are bundled
	No precoding diversity
among bundled PRBs
	2.1 dB
	-2.2 dB
	-7.9 dB
	-10.2 dB
	-12.8 dB
	-15.1 dB

	
	Precoding diversity
among bundled PRBs
	1.5 dB
	-2.9 dB
	-8.5 dB
	-10.9 dB
	-13.5 dB
	-15.5 dB

	3 PRBs are bundled
	No precoding diversity
among bundled PRBs
	1.7 dB
	-2.7 dB
	-8.5 dB
	-10.8 dB
	-13.6 dB
	-15.8 dB

	
	Precoding diversity
among bundled PRBs
	1.2 dB
	-3.3 dB
	-9.0 dB
	-11.3 dB
	-14.0 dB
	-16.3 dB

	6 PRBs are bundled
	-
	1.3 dB
	-3.3 dB
	-9.5 dB
	-11.7 dB
	-14.5 dB
	-16.9 dB



When PRB bundling is not used and 2 PRBs are bundled, precoding diversity among (bundled) PRBs can provide slightly better performance than no precoding diversity among PRBs. The coverage enhancement gain of precoding diversity is 0.4~0.8 dB.
Cross-PRB channel estimation can provide significantly better performance regardless of with or without precoding diversity. The coverage enhancement gain of cross-PRB channel estimation is 0.6~1.3 dB, 0.9~2.0 dB, and 0.8~1.3 dB when 2 PRBs, 3PRBs, and 6PRBs are bundled, respectively.
Based on the above evaluation, our observation is following.
Observation 1: For distributed mapping and EPA channel, PRG size of 6PRBs achieves the best coverage gain.

Localized mapping
Cross-PRB channel estimation (= PRB bundling) for localized mapping is evaluated in the condition of EPA, fD = 1 Hz, and RFO = 100 Hz. The further detailed parameters are listed in the Appendix A and detailed simulation results with BLER performance are shown in Appendix B. The same condition as the distributed mapping case above is assumed with regard to frequency hopping and cross-subframe channel estimation. Precoding diversity is always used and precoding vector is randomly selected at each PRB or each bundled PRBs.
Table 2 summarizes the required SINR for achieving BLER = 102.
Table 2	Required SINR for achieving BLER = 102
	Number of repetitions
	1
	4
	8
	16
	32
	64

	No PRB bundling
	1.6 dB
	-2.8 dB
	-8.4 dB
	-10.7 dB
	-13.4 dB
	-15.6 dB

	2 PRBs are bundled
	1.9 dB
	-2.7 dB
	-8.8 dB
	-11.3 dB
	-13.8 dB
	-16.2 dB

	3 PRBs are bundled
	3.4 dB
	-1.3 dB
	-8.4 dB
	-10.9 dB
	-13.5 dB
	-15.8 dB

	6 PRBs are bundled
	8.3 dB
	3.0 dB
	-7.0 dB
	-9.5 dB
	-12.2 dB
	-14.7 dB



When the number of repetitions is small (=1 and 4), the cross-PRB channel estimation degrades the BLER performance. When the number of repetitions is larger than 4 (=8, 16, 32, and 64), 2 PRB bundling provides the best performance. The reason that different trend is seen from distributed mapping would be the difference of precoding gain. In this evaluation, precoding vector is randomly selected at each PRB or each bundled PRBs, and then, there are possibility to use the same precoding vector among PRBs or bundled PRBs as PRB bundling size increases (When 6PRBs are bundled, the same precoding vector is always used among PRBs). Therefore, the probability that precoding gain could not be obtained would be higher than that of distributed mapping. For localized mapping, 2 PRB bundling would be optimal bundling size (when precoding vector is randomly selected). On the other hand, for distributed mapping, at least two antenna diversity gain could be always obtained, the performance is improved as the bundling size increases.
In order to improve the cross-PRB channel estimation gain for localized mapping, selection of precoding vector should be considered. For example, different precoding vector is always selected (predefined pattern of precoder cycling is used) among bundled PRBs. Table 3 summarizes the required SINR for achieving BLER=102 when 3 PRBs are bundled. The precoding vector is randomly selected or different precoding vector is always used among bundled PRBs.
It can be seen from Table 3 that when different precoding vector is always used among bundled PRBs, the BLER performance when 3 PRBs are bundled can be improved and PRG size of 3PRBs achieves the best coverage gain.
Table 3 Required SINR for achieving BLER = 102
	Number of repetitions
	1
	4
	8
	16
	32
	64

	3 PRBs are bundled
	Precoding vector is randomly selected
	3.4 dB
	-1.3 dB
	-8.4 dB
	-10.9 dB
	-13.5 dB
	-15.8 dB

	
	Different precoding vector is used among bundled PRBs.
	1.2 dB
	-3.3 dB
	-9.4 dB
	-11.9 dB
	-14.6 dB
	-16.9 dB



Based on the above evaluation, our observation is following.
Observation 2: For localized mapping, PRG size of 2 or 3 PRBs achieves the best coverage gain.

Performance of localized mapping vs distributed mapping
The performance of localized mapping vs distributed mapping is summarized in Table 4. For no PRB bundling case, localized mapping provides about 1dB gain than distributed mapping. This would be because the transmit power of DMRS for localized mapping can be greater than that of other REs. When the use of PRB-bundling and precoding diversity are assumed, localized mapping with 3PRB bundling and distributed mapping with 6PRB bundling provides almost the same performance in the case of AL=24 (especially large repetition case).
Table 4	Required SINR for achieving BLER = 102
	Number of repetitions
	1
	4
	8
	16
	32
	64

	No PRB bundling
	Distributed
	2.1 dB
	-2.1 dB
	-7.6 dB
	-9.8 dB
	-12.4 dB
	-14.6 dB

	
	Localized
	1.6 dB
	-2.8 dB
	-8.4 dB
	-10.7 dB
	-13.4 dB
	-15.6 dB

	3 PRBs are bundled
	Distributed
	1.2 dB
	-3.3 dB
	-9.0 dB
	-11.3 dB
	-14.0 dB
	-16.3 dB

	
	Localized
	1.2 dB
	-3.3 dB
	-9.4 dB
	-11.9 dB
	-14.6 dB
	-16.9 dB

	6 PRBs are bundled
	Distributed
	1.3 dB
	-3.3 dB
	-9.5 dB
	-11.7 dB
	-14.5 dB
	-16.9 dB

	
	Localized
	8.3 dB
	3.0 dB
	-7.0 dB
	-9.5 dB
	-12.2 dB
	-14.7 dB



Based on the above evaluation, our observation is following.
Observation 3: Assuming the use of cross-PRB channel estimation with appropriate PRG size and precoding diversity, localized mapping and distributed mapping provide almost the same coverage gain.

In order to avoid multiple channel estimation trials for different aggregation levels for low complexity [1], PRG size is limited to the PRBs corresponding to the smallest aggregation levels. Our search space proposal for CE mode A is the minimum aggregation level is one [2]. Therefore, it is difficult to have PRG bundling for CE mode A especially when localized mapping is used. On the other hand, our search space proposal for large repetition case is only to have 24 eCCE aggregations. Seeing email discussion of [82b-02], at least 1, 2 and 4 eCCE aggregations are not supported. Therefore, PRG bundling can be applied based on the performance without additional complexity.
Considering PRB bundling with larger PRG size is expected to degrade the performance in ETU environment 2 or 3 PRB bundling within the continuous same PRB sets may be reasonable.
Proposal 1: For CE mode A, if the minimum aggregation level is one, PRB bundling is not supported.
Proposal 2: For CE mode B, PRBs bundling with PRG size of 2 or 3PRBs within the continuous same PRB sets is supported.
Conclusion
In this contribution, we provided link performance of M-PDCCH. Based on the simulation results, we provide the following observations:
Observation 1: For distributed mapping, PRG size of 6PRBs achieves the best coverage gain.
Observation 2: For localized mapping, PRG size of 2 or 3 PRBs achieves the best coverage gain.
Observation 3: Assuming the use of cross-PRB channel estimation with appropriate PRG size and precoding diversity, localized mapping and distributed mapping provide almost the same coverage gain.

Proposal 1: For CE mode A, if the minimum aggregation level is one, PRB bundling is not supported.
Proposal 2: For CE mode B, PRBs bundling with PRG size of 2 or 3PRBs within the continuous same PRB sets is supported.
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[bookmark: _GoBack]Appendix A: Simulation parameters
	Parameters
	Values

	Number of antennas
	2 × 1 with low correlation

	Number of repetitions
	NRep = 1, 4, 8, 16, 32, 64

	Channel model
	EPA(Doppler frequency, fD = 1 Hz)

	DCI format
	0 (payload size = 21 bits)

	Aggregation level
	24

	M-PDCCH type
	Distributed, Localized

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz
(The frequency difference of frequency hopping is 5 MHz.)

	Timing error
	Ideal

	Residual frequency offset (RFO)
	100 Hz

	Channel estimation
	Realistic cross-subframe channel estimation and/or
realistic cross-PRB channel estimation

	Legacy control channel region
	3 OFDM symbols

	Transmit diversity
	RBF for distributed mapping, 
RBF or precoder cycling with predefined precoding pattern for localized mapping


Appendix B: BLER performance
Figure 1 plots the BLER performance of distributed M-PDCCH with number NRep of repetitions as a parameter. 
Figure 2 plots the BLER performance of localized M-PDCCH with number NRep of repetitions as a parameter.

[image: ]     [image: ]
(a) No PRB bundling                                                          (b) 2 PRBs are bundled
[image: ] [image: ]      
(c) 3 PRBs are bundled                                                          (d) 6 PRBs are bundled
Fig.1	BLER performance of distributed M-PDCCH.
[image: ]     [image: ]
(a) No PRB bundling                                                          (b) 2 PRBs are bundled
[image: ] [image: ] 
(c) 3 PRBs are bundled                                                          (d) 6 PRBs are bundled
Fig.2	BLER performance of localized M-PDCCH.
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