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1   Background
During eMTC discussion in RAN4#79 meeting, many agreements captured in [1] have been agreed which are shown below:
· For CE Mode A TM6, there are several agreements as following
· Step 1: provide the TM6 with fixed PMI simulation results for alignment
· PMI=0, without repetition

· Step 2: Provide the TM2 simulation results for alignment purpose

· Without repetition

· Step 3: provide the TM6 simulation results without repetition

· PMI feedback periodicity with PUCCH 1-1: [8ms] 

· Refer to R4-164606 for the detailed simulation parameters for alignment
· For CE Mode A TM9, there are several agreements as following
· Set the maximum number of HARQ retransmission to 1

· SNR test point considering the sufficient MPDDCH decoding performance

· Option1: 0dB

· Option2: -6dB

· Option3: [-3dB] (between 0dB and -6dB)

· Coding rate

· Option1: 1/10 (TBS=152bits)

· Option2: 1/3 (TBS=504bits)

· Option3: Other coding rate is not precluded

· Number of repetitions

· Select the number which can satisfy the SNR test point
· For CE Mode B TM2 requirements, there are several agreements as following,

· Set the maximum number of HARQ retransmission to 1

· Propagation channel

· Two options: AWGN, ETU1 

· Number of repetitions:

· Option1: Number to satisfy BLER=30% with the target SNR with QPSK, TBS=152bits

· Option2: Same or longer value than MPDCCH repetition. 

· TBS size may need change
· In this contribution, we will analysis the remaining open issues base on the above agreements and provide our propsals.
2   Discussion

In this section, we will discuss several open issue, include PDSCH scheduling pattern, number of PDSCH repetitions for CE Mode B TM2 requirements, propagation channel for PDSCH Mode B requirements.
2.1   PDSCH scheduling pattern for repetition number=1

We give the Figure 1 to illustrate the half duplex FDD PDSCH pattern for eMTC PDSCH TM6 demodulation performance requirements CE Mode A.
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Figure 1 Transmission pattern for eMTC PDSCH TM6 demodulation performance requirements
From the figure 1, we can get the transmission pattern for eMTC PDSCH TM6 as following,
[10100000 10100000 10100000 10100000 10100000]
where ‘1’ represents valid subframe for downlink and ‘0’ represents  invalid subframe for downlink. So it means that every 40ms the 0-th, 8-th, 16-th, 24-th, 32-th subframes are used for MPDCCH,  the 2-th, 10-th, 18-th, 26-th, 34-th subframes are used for scheduling PDSCH transmission and the 6-th, 14-th, 22-th, 30-th, 38-th subframes are valid for ACK/NACK feedback.  
2.2   PDSCH scheduling pattern for repetition number>1
In order to define one set of requirements for both FDD and half duplex FDD, the PDSCH scheduling pattern should be defined.
 Based on the specification in section 7.1.11 of 36.213 as following,
A BL/CE UE shall upon detection of a MPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the corresponding PDSCH in subframe(s) n+ki with i = 0, 1, …, N-1 according to the MPDCCH, where

-
subframe n is the last subframe in which the MPDCCH is transmitted and is determined from the starting subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and

-
subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE DL subframe(s) where, x=k0<k1<…,kN-1 and the value of 
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 is determined by the repetition number field in the corresponding DCI, where 
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are given in Table 7.1.11-1, Table
and the specification in section 10.2 of 36.213 as following,
For FDD, a BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same 
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 derived according to section 10.1.2.1 in subframe(s) n+ki with i =0,1, …, N-1, where

-
subframe n-4 is the last subframe in which the PDSCH is transmitted; and

-
0=k0<k1<…,kN-1 and the value of
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 is provided by higher layer parameter pucch-NumRepetitionCE-format1 if the PDSCH does not contain a contention resolution, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
-
subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;

we give the Figure 2 to illustrate the half duplex FDD PDSCH pattern for eMTC demodulation performance requirements with repetition.
In the Figure1, the N1and N2 are repetition numbers for MPDCCH and PDSCH respectively. The MPDCCH repetition number should be large enough to ensure the MPDCCH performance at PDSCH test point. 
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Figure 2 half duplex FDD PDSCH pattern 1 (aperiodic)
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Figure 3 half duplex FDD PDSCH pattern 2 (periodic)
From the figure 1 and figure 2, we observe that pattern 1 is aperiodic and that pattern 2 is periodic. From the perspective of simplifying test, we prefer to pattern 2.
Form the MPDCCH simulation results in [4] and PDSCH simulation results in section 3, we observe that MPDCCH performance of CE Mode A with repetition number 32 could achieve 1% BLER at SNR -7dB while PDSCH TM9 performance of Mode A with repetition number 2 could achieve 30% BLER at SNR -5.9dB. So we can get that larger repetition number than PDSCH is needed to ensure the MPDCCH performance. 

Based on the analysis above, it is obvious that MPDCCH transmission costs many subframes resource. For reducing the test complexity, we propose reduce noise power on MPDCCH sunbrames to reduce MPDCCH repetition number to1.

Proposal 1: Reduce noise power on MPDCCH sunbrames to reduce MPDCCH repetition number 
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If the MPDCCH repetition number is 1, the PDSCH subframes are scheduled at 2-th ~ 
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Proposal 2: PDSCH subframes are scheduled at 2th ~ 
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2.3   Number of PDSCH repetitions for CE Mode B TM2 requirements
With respect to the MPDCCH repetition number, eNode B informs UE the maximum repetition number which corresponding to  a set of repetition numbers via signaling, and UE get the actual repetition number by blind detection.

With respect to the PDSCH repetition number, eNode B informs UE the specific repetition number by DCI.

There is no relation shape between MPDCCH repetition number and PDSCH repetition number. So the repetition number can be decided respectively. For the repetition number of CE Mode B TM2 requirements, we propose that decide repetition number to satisfy BLER=30% with the target SNR = -15dB.

Proposal 3: Decide repetition number to satisfy BLER=30% with the target SNR = -15dB for CE Mode B TM2 requirements.

2.4   Propagation channel for PDSCH Mode B requirements 
In Rel-12, the MTC requirements are defined with fading channel (EPA5). For propagation channel for Rel-13 eMTC, we think it is better to use fading channel to keep consistent with Rel-12 MTC.

Considering the coverage enhancement scenario of Mode B, like basement and so on, UEs will experience more taps and longer delay. So we propose to adopt ETU1 as the propagation channel for Mode B.

Proposal 4: Adopt ETU1 as the propagation channel to define requirements for PDSCH Mode B requirements.

2.5   Coding rate

As the TBS for TM9 has been agreed in [2] in RAN4 #78 meeting while there is bracket for the coding rate value. So we propose that 
Proposal 5: Define requirements for TM9 with coding rate 1/10 corresponding to TBS=152 bits.
3   Conclusion 
In this contribution, we analyses the remaining issues and provide our simulation results. Our proposals are:

Proposal 1: Reduce noise power on MPDCCH sunbrames to reduce MPDCCH repetition number to1.

Proposal 2: PDSCH subframes are scheduled at 2-th ~ 
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Proposal 3: Decide repetition number to satisfy BLER=30% with the target SNR = -15dB for CE Mode B TM2 requirements.

Proposal 4: Adopt ETU1 as the propagation channel to define requirements for PDSCH Mode B requirements.

Proposal 5: Define requirements for TM9 with coding rate 1/10 corresponding to TBS=152 bits.
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5   Appendix
<< Start of Change 1 >>
8.11.1
PDSCH

8.11.1.1
FDD and half-duplex FDD (Fixed Reference Channel)
The parameters specified in Table 8.11.1.1-1 are valid for FDD and half-duplex FDD tests unless otherwise stated.

Table 8.11.1.1-1: Common Test Parameters (FDD and half-duplex FDD)

	Parameter
	Unit
	CE Mode A
	CE Mode B

	Inter-TTI Distance
	
	1
	1

	Number of HARQ processes per component carrier
	Processes
	8
	2

	Maximum number of HARQ transmission
	
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM


	{0,0,0,0,1,1,1,1,2,2,2,2,3,3,3,3,…} for QPSK and 16QAM



	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cyclic Prefix
	
	Normal
	Normal

	Beamforming Precoder for MPDCCH 
	
	Annex B.4.4
	Annex B.4.4

	Precoder update granularity for MPDCCH
	
	Frequency domain: 1 PRB

Time domain: identical during the repetition period
	Frequency domain: 1 PRB

Time domain: identical during the repetition period


8.11.1.1.1
Closed-loop spatial multiplexing performance (Cell-Specific Reference Symbols) 
8.11.1.1.1.1
Minimum Requirement Single-Layer Spatial Multiplexing 2 Tx Antenna Port

The requirements are specified in Table 8.11.1.1.1.1-2, with the addition of the parameters in Table 8.11.1.1.1.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-one performance with frequency selective precoding.

Table 8.11.1.1.1.1-1: Test Parameters for Single-Layer Spatial Multiplexing (FRC)

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	dB
	-3
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	dB
	-3 (Note 1)
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	dB
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	dB
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	dBm/15kHz
	-98 (Note 5)

	Precoding granularity
	PRB
	6

	PMI delay (Note 2)
	ms
	[8]

	Reporting interval
	ms
	[8]

	Reporting mode
	
	PUCCH 1-1

	CodeBookSubsetRestriction bitmap
	
	001111

	PDSCH transmission mode
	
	6

	Coverage enhancement mode
	
	CE Mode A

	OFDM starting symbol (startSymbolLC)
	
	2

	Maximum number of repetitions
	
	1

	Frequency hopping
(mpdcch-pdsch-HoppingConfig)
	
	Disabled

	MPDCCH transmission duration

(mpdcch-NumRepetition)
	ms
	1

	Starting subframe configuration for MPDCCH

(mpdcch_startSF_UESS)
	
	1

	Narrowband for MPDCCH

(mpdcch_Narrowband)
	
	1

	fdd-DownlinkOrTddSubframeBitmapBR-r13
	
	[10100000 10100000 10100000 10100000 10100000] (Note 4)

	Note 1:
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Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), This reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
For each test, DC subcarrier puncturing shall be considered.
Note 4:  Every 40ms, the 0-th, 8-th, 16-th, 24-th, 32-th subframes are used for MPDCCH, the 2-th, 10-th, 18-th, 26-th, 34-th subframes are used for scheduling PDSCH transmission, and the 6-th, 14-th, 22-th, 30-th, 38-th subframes are valid for ACK/NACK feedback.  
Note 5:  This noise is applied in all subframes scheduled for PDSCH. No external noise applies for the subframes for MPDCCH transmission.


Table 8.11.1.1.1.1-2: Minimum performance Single-Layer Spatial Multiplexing (FRC)
	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	a) 
	b) 
	c) 
	d) 
	e) 
	f) 
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	10MHz

16QAM 1/2
	R.zz FDD
	OP.2 FDD
	EPA5
	2x1 Low
	70%
	TBD


8.11.1.1.2 Closed-loop spatial multiplexing performance (User-Specific Reference Symbols)
8.11.1.1.2.1
Single-layer Spatial Multiplexing

For single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C, the requirements are specified in Table 8.11.1.1.2 with the addition of the parameters in Table 8.11.1.1.2-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power. 

Table 8.11.1.1.2-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 

	parameter
	Unit
	Test 1

	Downlink power allocation
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	dB
	0
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Beamforming model
	
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	TBD

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	TBD

	CSI reference signal configuration
	
	TBD

	Maximum number of repetitions for PDSCH
	
	TBD

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	TBD
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	dBm/15kHz
	-98 (Note 2)

	Symbols for unused PRBs
	
	TBD

	Number of allocated resource blocks (Note 2)
	PRB
	6

	PDSCH transmission mode
	
	9

	fdd-DownlinkOrTddSubframeBitmapRB-r13
	
	TBD (Note 3)

	Transmitted signal pattern
	
	Note 3

	Note 1:
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Note 2:
This noise is applied in all subframes scheduled for PDSCH.
 No external noise is applied for all subframes scheduled for MPDCCH
Note 3:
The pattern is composed of N+7 subframes in a periodic way. The 0-th subframe is used for MPDCCH transmission. PDSCH subframes are scheduled at 2-th ~ (N+1)-th per subframes, where N is the maximum number of repetitions of PDSCH. The (N+5)-th subframe is used for ACK/NACK feedback, and (N+4)-th and (N+6)-th subframe are switching gap between downlink and uplink. 



Table 8.11.1.1.2-2: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE DL category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
QPSK [1/10]
	TBD
	TBD
	TBD
	2x1 Low
	TBD
	TBD
	TBD


<< End of Change 1 >>
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