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1. Introduction
In RAN1#79, the following decision has been made regarding physical channel design for MTC: 
Agreements:
· The coverage enhancement targets for non Rel-13 low complexity UE are:

· For FDD, the target MCL is 155.7 dB.

· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].

· RAN1 has discussed the coverage enhancement targets for Rel-13 low complexity UEs and agreed to target the same MCL as for other UEs.

· This means that some channel(s) may need to be enhanced more than 15 dB.

· The target is set under the assumption that this doesn’t require significant additional work compared to targeting only up to 15 dB.

· The above targets are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm.

· Working assumption: If RAN4 agrees that P < 20 dBm, the target uplink MCL for the new UE power class is reduced correspondingly to 155.7 - (20 - P) dB.

· When applicable, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2

· The reference system has 10 MHz system bandwidth and no power boosting

Agreements:
· UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.

· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.

· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behavior is FFS

· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe at least for Rel-13 low complexity UE in enhanced coverage.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behavior is FFS.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS

Working assumption:
· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe for Rel-13 low complexity UEs not in enhanced coverage

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behavior is FFS.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS

In this contribution, we provide our view on the physical data channels and control channels for MTC. 

2. Physical Data Channels 
The following aspects are considered for physical data channels:
· Narrowband operation: 

· Both PDSCH and PUSCH have to be narrowband within 6 RBs. 
· The location of the narrowband can be indicated by the network with retuning from the center 6 RBs. 
· Half duplex operation: 

· Half duplex operation should be supported, such that no simultaneous DL and UL channels.
· This allows more efficient RF implementations, e.g. on chip PA and elimination of duplexer. 

· Support TTI bundling for both DL and UL for coverage enhancements:

· The bundle size can be determined based on the link budget improvement needs

· One example of bundled transmissions for PUSCH is shown in Figure 1. 

· Support enhanced persistent scheduling:

· For applications with fixed payload, persistent scheduling can be configured at the start of the communications. 

· For UEs in TTI bundled mode, support cross-subframe scheduling. Bundled PDSCH can start after the bundled MPDCCH. 

3. Diversity Design for Data Channel
Based on the current MTC design, MTC communications have limited diversity:

1. Limited frequency diversity: narrowband within 6 RB

2. Limited spatial diversity: only 1 Rx
3. Limited time diversity: many devices are either stationary or low mobility 

This leads to link inefficiency, as one example, the required SNR increases around 4-5 dB when we reduce number of receive antennas from 2 to 1. 

We consider the follow techniques to improve diversity for MTC communications:

1. DL precoding cycling for both EPDCCH and PDSCH

2. Frequency hopping for both DL and UL data channels

Precoding cycling is already introduced for EPDCCH, where different precoding is applied to different eREG. We can extend similar concept to PDSCH, where we use different precoding on two different antenna ports, and map different REs into different precoding directions. However, to allow for channel estimation filtering, the same precoding should be used within the transmission bundle. Both EPDCCH and PDSCH have similar precoding cycling design to simplify the implementation. 
Frequency hopping can be applied to UEs in coverage enhancements. One example of frequency hopped communication is presented in Figure 1. Note that at least one subframe is needed to allow frequency returning from one narrowband region to another. 
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Figure 1. Frequency Hopped Narrowband Communications

4. Link Analysis for Data Channel

4.1. PDSCH Performance

In the link analysis, we consider a MTC UE operating with 6 PRBs bandwidth and one receiving antenna, while the eNB is equipped with 2 transmitting antennas. The simulated channel model is EPA with Doppler spread of 1Hz. We transmit PDSCH payloads with the lengths of 328, 504 and 1000 bits in 6PRBs with MCS of 3, 5 and 10, respectively. Frequency hops are separated by 23 RBs. For each bundle-size, PDSCH is retransmitted in two hops, where each hop contains half of the bundle-size including at least 1 sub-frame gap to switch between hops. To introduce spatial diversity, we apply a per-RE precoder cycling similar to precoding cycling scheme used on EPDCCH. The only difference is that the precoding remains fixed within each burst to allow channel filter. 

Figure 2 shows the achievable gain with spatial diversity (precoder cycling) and with frequency hopping. 
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Figure 2: Achievable Gains with Precoder Cycling and Frequency Hopping

For following link budget calculations it is assumed that eNodeB total Tx power=46 dBm (10 MHz) and UE Rx noise figure=9 dB.

Table 1: Achieved SNR for 1% Target FER and MCL with Bundling

	 
	[dB]
	Bundling size (subframes)

	
	
	8
	16
	32
	64
	128
	160
	256

	PDSCH
328bits
	Req. SINR
	-3.2
	-6.35
	-9
	-10.7
	-13.1
	-14.35
	-15.2

	
	MCL
	144.65
	147.75
	150.45
	152.15
	154.55
	155.8
	156.65

	PDSCH
504bits
	Req. SINR
	-2
	-4.9
	-6.95
	-9.2
	-12
	-12.5
	-14.4

	
	MCL
	143.45
	146.35
	148.40
	150.65
	153.45
	153.95
	155.85

	PDSCH
1032bits
	Req. SINR
	0.45
	-1.8
	-4.4
	-7.5
	-10.4
	-11.1
	-12

	
	MCL
	141
	143.25
	145.85
	148.95
	151.85
	152.75
	153.65


Table 2: Achieved SNR for 10% Target FER and MCL with Bundling
	 
	[dB]
	Bundling size (subframes)

	
	
	8
	16
	32
	64
	128
	160

	PDSCH
328bits
	Req. SINR
	-6.6
	-8.95
	-11.4
	-14
	-16.4
	-17

	
	MCL
	148.05
	150.4
	152.85
	155.45
	157.85
	158.45

	PDSCH
504bits
	Req. SINR
	-5.2
	-8
	-10.3
	-13
	-15
	-16

	
	MCL
	146.65
	149.45
	151.75
	154.45
	156.45
	157.45

	PDSCH
1032bits
	Req. SINR
	-2.65
	-5.4
	-7.6
	-10.4
	-13.4
	-14.3

	
	MCL
	144.1
	146.85
	149.05
	151.85
	154.85
	155.75


4.2. PUSCH Performance

For PUSCH simulations, we assume single Tx from MTC UE and 2 Rx antennas from eNB. The simulated channel model is EPA with Doppler spread of 1Hz. PUSCH payloads of 72 and 328 bits are transmitted in 1PRBs with MCS 5 and 6, respectively. Similar to PDSCH simulations, we assume frequency hops are separated by 23RBs and 1ms is the burst gap for frequency retuning.
In the following link budget calculations, it is assumed that UE Tx power = 20 dBm and eNodeB Rx noise figure = 5 dB.

Table 3: Achieved SNR for 10% UL Target FER and MCL with Bundling
	 
	[dB]
	Bundling size (subframes)

	
	
	8
	16
	32
	64
	128
	256
	512

	PDSCH
72bits
	Req. SINR
	-7.85
	-10.7
	-13.65
	-16.25
	-18.4
	-20.4
	-22.75

	
	MCL
	144.29
	147.14
	150.09
	152.69
	154.84
	156.84
	159.19

	PDSCH
328bits
	Req. SINR
	-1.8
	-5.6
	-9
	-12
	-14.6
	-16.8
	-19.6

	
	MCL
	138.24
	142.04
	145.44
	148.44
	151.04
	153.24
	156.04
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Figure 2.1: PUSCH FER-TBs72 
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Figure 2.2: PUSCH FER-TBs328


5. Summary
In this contribution we presented our views on the techniques for physical data channels. We make the following proposals:

Proposal 1:


Consider precoding cycling for PDSCH transmissions to increase spatial diversity order of MTC DL communications. Precoding for each antenna port is fixed within a bundle burst to allow channel estimation filtering. 
Proposal 2:

Consider frequency hopped narrowband communications to increase frequency diversity order of MTC DL and UL communications. 
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