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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#80bis meeting [1], the following agreements were made on physical downlink control channel for MTC:
Agreements:
· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage.
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC
· Working assumptions: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS
Note: RAN1 currently uses following terminology for DL physical control channel for Rel-13 MTC UEs with the same meaning, and RAN1 asks spec editors to take care it later
· physical downlink control channel for MTC
· M-PDCCH
In this contribution, we evaluate link performance of M-PDCCH with cross-subframe channel estimation. We also provide link performance using cross-PRB channel estimation.
Simulation results
We evaluate the M-PDCCH link level performance with cross-subframe channel estimation and/or cross-PRB channel estimation. The detailed parameters are listed in the Appendix A and detailed simulation results with BLER performance in both EPA channel and ETU channel are shown in Appendix B and C, respectively. Frequency hopping is not used in this evaluation.
Table 1 and 2 summarize the required SINR for achieving BLER=102.
In Appendix B,
- Figure 3 plots the BLER performance of M-PDCCH with number NRep of repetition as a parameter. Plain repetition without cross-subframe channel estimation and cross-PRB channel estimation is used.
- Figure 4 plots the BLER performance of M-PDCCH with cross-subframe channel estimation. Cross-subframe channel estimation is realized by symbol level combining with NSF=4 subframes.
- Figs. 5 and 6 plot the BLER performance of M-PDCCH with cross-PRB channel estimation. Cross-PRB channel estimation is also realized by symbol level combining with NPRB=2 or 6 PRBs.
In Appendix C,
- Figure 7 plots the BLER performance of M-PDCCH with number NRep of repetition as a parameter. Plain repetition without cross-subframe channel estimation and cross-PRB channel estimation is used.
- Figure 8 plots the BLER performance of M-PDCCH with cross-subframe channel estimation. Cross-subframe channel estimation is realized by symbol level combining with NSF=4 subframes.
- Figure 9 plots the BLER performance of M-PDCCH with cross-PRB channel estimation. Cross-PRB channel estimation is also realized by symbol level combining with NPRB=2 or 6 PRBs. Cross-subframe channel estimation with 4 subframes is also used.

Table 1	Required SINR for achieving BLER=102 (EPA)
	Number of repetitions
	1
	4
	8
	16
	32
	64

	Single-subframe 
channel estimation
	
	2.2dB
	-0.5dB
	-3.7dB
	-4.8dB
	-7.1dB
	-9.2dB

	Cross-subframe 
channel estimation
(4 subframes)
	
	-
	-1.3dB
	-5.0dB
	-6.6dB
	-9.2dB
	-11.5dB

	Cross-PRB 
channel estimation
(2PRBs)
	w/o cross-subframe channel estimation
	1.9dB
	-1.6dB
	-5.0dB
	-6.1dB
	-8.4dB
	-10.6dB

	
	w cross-subframe 
channel estimation
	-
	-2.3dB
	-5.9dB
	-7.8dB
	-10.4dB
	-12.8dB

	Cross-PRB 
channel estimation
(6PRBs)
	w/o cross-subframe channel estimation
	0.8dB
	-3.2dB
	-6.7dB
	-8.0dB
	-10.5dB
	-12.7dB

	
	w cross-subframe
 channel estimation
	-
	-3.8dB
	-7.7dB
	-9.4dB
	-12.1dB
	-14.7dB



Table 2	Required SINR for achieving BLER=102 (ETU)
	Number of repetitions
	1
	4
	8
	16
	32
	64

	Single-subframe 
channel estimation
	
	-1.4dB
	-5.7dB
	-7.8dB
	-9.5dB
	-11.3dB
	-13dB

	Cross-subframe 
channel estimation
(4 subframes)
	
	-
	-6.3dB
	-9.1dB
	-11.2dB
	-13.3dB
	-15.3dB

	Cross-PRB 
channel estimation
(4PRBs)
	w cross-subframe 
channel estimation
	1.0dB
	-5.2dB
	-8.3dB
	-10.7dB
	-13.1dB
	-15.1dB

	Cross-PRB 
channel estimation
(6PRBs)
	w cross-subframe
 channel estimation
	>5dB
	-0.9dB
	-4.7dB
	-6.3dB
	-8.2dB
	-10.7dB



Cross-subframe channel estimation
It can be seen from Table 1 and 2 that cross-subframe channel estimation can improve the BLER performance in both EPA and ETU channels. When ross-subframe channel estimation with 4 subframes is used, an SINR reduction of as much as 0.8~2.3 (0.6~2.3) dB can be achieved compared to plain repetition in EPA (ETU) channel.
Observation 1: Cross-subframe channel estimation with 4 subframes improves the coverage by 0.8~2.3dB (0.6~2.3) in EPA (ETU) channel.

Cross-PRB channel estimation
It can be seen from Table 1 and 2 that cross-PRB channel estimation can improve the BLER performance in EPA channel. This is because the whole channel bandwidth of 6PRBs likely has flat fading in EPA channel. When cross-PRB channel estimation with 2 PRBs is used, an SINR reduction of as much as 0.3~1.4 dB can be achieved compared to plain repetition. When cross-PRB channel estimation with 6PRBs is used, an SNR reduction of as much as 1.4~3.5dB can be achieved compared to plain repetition. 
If both cross-subframe channel estimation and cross-PRB channel estimation are applied, 1.8~3.6 (3.3~5.5) dB coverage improvement gain can be obtained with 4 subframes and 2 (6) PRBs.
Observation 2: Cross-PRB channel estimation with 2(6) PRBs improves the coverage by 1.8~3.6dB (3.3~5.5dB) in EPA channel.
Observation 3: If both cross-subframe channel estimation and cross-PRB channel estimation are applied, 1.8~3.6 (3.3~5.5) dB coverage improvement gain can be obtained with 4 subframes and 2(6) PRBs in EPA channel.
In ETU channel, cross-PRB channel estimation deteriorates BLER performance due to the higher frequency selectivity. However, we question the importance of the evaluation of ETU for large coverage enhancement case. It means large number of multi-path propagates to the UE located within a basement with large penetration loss. For small coverage enhancement case, the evaluation of ETU is important as such coverage enhancement is used for traditional UE usage/scenario to compensate the loss from narrow band reception and/or antenna diversity. 
Proposal 1: The need of the evaluation of ETU for large coverage enhancement should be discussed.
Conclusion
In this contribution, we provided link performance of M-PDCCH with cross-subframe channel estimation and cross-PRB channel estimation. Based on the simulation results, we provide the following observations:
Observation 1: Cross-subframe channel estimation with 4 subframes improves the coverage by 0.8~2.3dB (0.6~2.3) in EPA (ETU) channel.
Observation 2: Cross-PRB channel estimation with 2(6) PRBs improves the coverage by 1.8~3.6dB (3.3~5.5dB) in EPA channel.
Observation 3: If both cross-subframe channel estimation and cross-PRB channel estimation are applied, 1.8~3.6 (3.3~5.5) dB coverage improvement gain can be obtained with 4 subframes and 2(6) PRBs in EPA channel.
Proposal 1: The need of the evaluation of ETU for large coverage enhancement should be discussed.
Reference
[1] 3GPP RAN1#80bis, Chairman’s note
Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

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

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

	DCI format
	0 (payload size = 21bits)

	Aggregation level
	24 (All available REs in 6 PRBs are used to transmit one DCI)

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Timing error
	Ideal

	Residual frequency offset
	100Hz

	Channel estimation
	Realistic single-subframe channel estimation,
realistic cross-subframe channel estimation,
realistic cross-PRB channel estimation

	Legacy control channel region
	3 OFDM symbols

	Tx diversity
	RBF


Appendix B: Simulation results (EPA)
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 Fig.3 Plain repetition (w/o cross-SF CE, w/o cross-PRB CE).                         Fig.4 Cross-SF CE with 4 SFs.
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                              (a)	 w/o cross-SF CE                                                       (b) w/ cross-SF CE with 4 SFs
Fig.5 Cross-PRB CE with 2PRBs
[image: ]       [image: ]
                              (a)	 w/o cross-SF CE                                                       (b) w/ cross-SF CE with 4 SFs
Fig.6 Cross-PRB CE with 6PRBs
Appendix C: Simulation results (ETU)
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Fig.7 Plain repetition (w/o cross-SF CE, w/o cross-PRB CE).                  Fig.8 Cross-SF CE with 4 SFs.
[image: ]    [image: ]
                                        (a)	 2PRBs                                                                                (b) 6PRBs
Fig.9 Cross-PRB CE (with cross-SF CE)
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