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1. Introduction
In RAN1#82, the following agreements were reached:

Agreements:
· For HD-FDD, FD-FDD, and TDD, if the UE is operating with coverage enhancement (but not small one):

· UE is expected to support no more than N DL HARQ process to receive unicast PDSCH

· FFS N=1, 2, or 4

· UE is expected to support no more than M UL HARQ process to transmit PUSCH

· FFS M = 1, 2, 4, or Rel-8 # of UL HARQ processes

· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:

· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

· FFS the case of small coverage enhancement

· Soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8

· Rel-13 low complexity UE supports only QPSK and 16QAM as modulation schemes for PDSCH
Agreements:
· Reduced transmission schemes corresponding to TM support for LC UEs and UEs operating CE

· Do not support TM5 

· Do not support TM10

· Support TM1 and TM2 for CRS based demod

· Support TM9

· Do not support TM7

· FFS: support of other TMs

· FFS: Any modification is needed for existing TMs

· FFS: To create new TM(s)

· FFS: how to handle MBSFN subframes

Agreements:

· For LC MTC UEs and UEs operating CE:

· Do not support TM3

· Do not support TM4
Agreement:

· The working assumption regarding valid SF made in RAN1#81 is cancelled, and the following is agreed:

· The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by MTC-SIB1 (from RAN1 perspective) 

· If the explicit signaling is not present, a default operation is defined by RAN1 

· FFS the details for the default operation

· FFS the number of bits for the explicit signaling

· FFS how to handle MTC-SIB1

· FFS for the uplink case

· FFS how to handle some cases related to UE-specific subframe unavailability
Agreement:

· When frequency hopping is configured for the PDSCH with DMRS-based transmission , 

· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes

· Precoding matrix may vary  from one set of X subframes to another set of X subframes

· X is the number of consecutive subframes where PDSCH is transmitted in the same narrowband (excluding retuning time)

· This does not preclude dis-continuous transmission of the PDSCH

In this contribution, we provide our view on the physical data channels for MTC. 
2. Physical Data Channels 

The following aspects are considered for physical data channels:

· Consider simplified transmission mode support for MTC  

· One single transmission mode with similar ePDCCH and PDSCH processing based on narrowband frequency hopping and
· Support orthogonal precoder cycling for DL coverage enhancements: 

· This technique is already introduced for ePDCCH and can be applied to MTC device to enhance diversity gain

· Support of 3-4 coverage levels with RRC configuration: 

· One of the levels should be long enough to capture implementation impairments.

3. Bundle size determination

It is currently agreed that the repetition level for unicast PDSCH/PUSCH is dynamically indicated based on a set of values from higher layers. This bundle size determination is especially important when UE are operating in a time-varying environment, such that higher repetition levels may be needed if the radio conditions of a UE get worse. For example, consider a UE operating in 10dB CE level. The UE may use a bundle size of X, but if the channel gets worse because of fading, the UE might need a bundle size of 2X. This is especially useful for cases like triggering an RRC reconfiguration to move a UE to a higher coverage enhancement level. In such a case, the corresponding MPDCCH scheduling the PDSCH may also require a higher bundle level. Therefore, at least for PDSCH, it is important to create some dependency between the bundle size of PDSCH and that of MPDCCH.

A possible implementation is as follows: there is a 1-bit field in DCI named BundleSize. The UE is monitoring MPDCCH with aggregation level 24 (6 RB) and repetition levels 2 and 4. The bundle size determination can be performed by using the following table:

	MPDCCH repetition level
	BundleSize field (1 bit)
	Bundle size of PDSCH

	2
	0
	10

	2
	1
	20

	4
	0
	40

	4
	1
	60


Thus, the main idea is that the BundleSize field is interpreted in a different way depending on the repetition level of the decoded MPDCCH.

Proposal 1: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI.

4. Simplified (DMRS based) Transmission Mode

In RAN1#80b it was agreed that for Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC, MPDCCH, is based on at least DMRS. Thus a DMRS based transmission mode for the DL data will benefit from the commonality between MPDCCH and PDSCH. This includes: 

1. Channel estimation for both MPDCCH and PDSCH follow a similar approach, thus processing can be shared

2. If the assigned narrowband for MPDCCH and PDSCH are the same, MTC UE can benefit from channel estimation ahead of time from MPDCCH. In this case, the same antenna ports and precoders for M-PDCCH and PDSCH can be used, so that channel estimation bundling can be applied across these channels
Benefits from the DMRS based demodulation of the physical downlink data channel are not limited to the commonality between MPDCCH and PDSCH. When retuning, the first symbol/symbols in the beginning of the burst may be punctured. We assume retuning time may include up to three symbols, thus CRS based demodulation will be impacted while retuning subframe can still use DMRS for channel estimation (symbols 5, 6). See Figure 1 represents an example in which the first symbol is punctured when retuning.

Observation 1: With frequency retuning, the CRS symbol may be punctured due to the retuning time. 
Proposal 2: Consider simplified transmission mode support for MTC, e.g. one single transmission mode with similar MPDCCH and PDSCH processing 
Proposal 3: In case MPDCCH and PDSCH are assigned the same narrowband, use the same precoder for MPDCCH and PDSCH in the same narrowband to enable channel estimation bundling between both channels.

Proposal 4: Consider fixed or known precoding matrix for PDSCH, which allows combined channel estimation from both DMRS and CRS.
Proposal 5: As the transmission rank is always 1 for MTC UE, no RI transmission is needed.
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Figure 1. Punctured symbol when retuning (CRS tones are lost)
5. 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. 

Frequency hopping is already agreed for both DL and UL channels. We consider the follow technique to improve spatial diversity
1. DL orthogonal precoder for both ePDCCH and PDSCH

Precoder 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. To achieve best performance, orthogonal precoding can be applied to the two antenna ports.  

Proposal 6: Consider orthogonal precoder cycling for PDSCH transmissions to increase spatial diversity order of MTC DL communications. 
6. Link Analysis for PDSCH

In this section we first compare link level results from precoder-cycling and SFBC. For this comparison we assume a PDSCH payload of size 328 bits with MCS 3 is transmitted in 6 PRBS, where the assigned narrowband is the same for both diversity schemes. 
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Figure 3. Comparison between SFBC and Precoder-Cycling
In this example, SFBC and precoder-cycling achieve a close performance, especially when the bundle-size is not too large, as shown in Figure 3. 

Observation 2: SFBC and precoding cycling with similar performance. 
In the following simulations, we assume a MTC UE operating in a 6 PRB bandwidth equipped with one receiving antenna, while the eNB is equipped with 2 transmitting antennas. The simulated channel model is EPA with Doppler spread of 1Hz. PDSCH payloads have the following lengths: 328, 504, 1000 bits. They are transmitted in 6 PRBs with MCS of 3, 5 and 10, respectively. We also consider payload 16 bits with MCS 0, which is transmitted in only 1PRB. Frequency hops are separated by 23RBs and 1ms is the burst gap for frequency retuning.

Figure 4 shows the achievable gain with spatial diversity (orthogonal precoding) and with frequency hopping. 
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Figure 4: Achievable Gains with Orthogonal Precoding Cycling and Frequency Hopping

Observation 3: Precoding cycling provides significant diversity gain compared to no diversity scheme. 
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 10% Target FER and MCL with Bundling
	 
	
	Bundle

	
	
	8
	16
	32
	64
	128
	256
	512
	1024

	PDSCH
16bits
	Req. SINR(dB)
	-7.8
	-10.5
	-12.8
	-15.4
	-17.6
	-19.7
	-22
	-24.6

	
	MCL(dB)
	149.25
	151.95
	154.25
	156.85
	159.05
	161.15
	163.45
	166.05

	PDSCH
328bits
	Req. SINR(dB)
	-6.6
	-8.95
	-11.7
	-14
	-16.4
	-18.6
	-20.4
	-23.1

	
	MCL(dB)
	148.05
	150.4
	153.15
	155.45
	157.85
	160.05
	161.85
	164.55

	PDSCH
504bits
	Req. SINR(dB)
	-5
	-7.75
	-10.2
	-12.8
	-15.3
	-17.4
	-19.4
	-22

	
	MCL(dB)
	146.45
	149.20
	151.65
	154.25
	156.75
	158.85
	160.85
	163.45

	PDSCH
1000bits
	Req. SINR(dB)
	-2.4
	-5.4
	-7.8
	-10.4
	-13
	-15.5
	-17.7
	-20.3

	
	MCL(dB)
	143.85
	146.85
	149.25
	151.85
	154.45
	156.95
	159.15
	161.75
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Figure 5.1: PDSCH FER-TBs16 
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Figure 5.2: PDSCH FER-TBs328
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Figure 5.3: PDSCH FER-TBs504
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Figure 5.4: PDSCH FER-TBs1000


Figure 5 shows the link level results for different payload sizes, MCS numbers and number of PRBs. For all the results in this figure, frequency hopping and enhanced channel estimation are applied as it is described. The numbers in parentheses for each curve show the total number of consecutive subframes that are used for bundling and frequency hopping. For example (256,2) represents 512 subframes divided into two bursts, where the first hop is of size 255 subframes, with 1 subframe burst gap for frequency retuning, and second hop is of size 256 subframes. Enhanced channel estimation is applied only over the subframes within the same burst.
Note that in these simulations, channel estimation enhancement is applied, where the channel estimates are filtered in time within the bundle. However, we assumed the following ideal situation:

1. No timing error

2. No frequency error

3. No phase shift within a bundle

4. No RF impairment

Practical implementation margins need to be accounted for when determining bundle sizes for these channels. 

With different coverage enhancement needs, we propose to have 3-4 levels defined, with implementation margins to ensure sufficient link budget for the worst case coverage. 

Proposal 7: Support of 3-4 coverage levels with RRC configuration. One of the levels should be long enough to capture implementation impairments.
7. Summary
In this contribution we presented our views on the techniques for physical data channels. 
We make the following observations: 

Observation 1: With frequency retuning, the CRS symbol may be punctured due to the retuning time. 
Observation 2: SFBC and precoding cycling have similar performance. 
Observation 3: Precoding cycling provides significant diversity gain compared to no diversity scheme. 

We make the following proposal:

Proposal 1: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI.
Proposal 2: Consider simplified transmission mode support for MTC, e.g. one single transmission mode with similar MPDCCH and PDSCH processing 
Proposal 3: In case MPDCCH and PDSCH are assigned the same narrowband, use the same precoder for MPDCCH and PDSCH in the same narrowband to enable channel estimation bundling between both channels.

Proposal 4: Consider fixed or known precoding matrix for PDSCH, which allows combined channel estimation from both DMRS and CRS.
Proposal 5: As the transmission rank is always 1 for MTC UE, no RI transmission is needed.
Proposal 6: Consider orthogonal precoder cycling for PDSCH transmissions to increase spatial diversity order of MTC DL communications. 
Proposal 7: Support of 3-4 coverage levels with RRC configuration. One of the levels should be long enough to capture implementation impairments.
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