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1
Introduction

In the RAN1 #67 meeting, we have agreed that the reference for the cost comparison for the low cost MTC device will be a single band, single RAT, Cat-1 UE, capable of operating on a 20 MHz carrier. 
In addition, we have agreed that the following techniques will be considered for cost reduction for the MTC devices:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
With respect to the transmission mode support, there have been discussions in email reflector on whether to support multiple transmission modes, including TM1/TM2 and other single rank beamforming mode. In this contribution, we present our view on the TM support for MTC.

2
Background on TM 
For LTE Rel 10 UEs, the following transmission modes are supported [36.213]: 
Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)



	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)


Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)



	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)



	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	Single-antenna port, port 7(see subclause 7.1.1)

	
	DCI format 2B
	UE specific by C-RNTI
	Single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Single-antenna port, port 7 or 8, (see subclause 7.1.1)


As we can see, for SPS, TM supports are reduced to single antenna port, transmit diversity and single antenna beamforming. 

3
Design Considerations for MTC

3.1. TM Design Preferences

For low cost MTC, we will not support spatial multiplexing based on the low data rate requirement as well as low cost argument. The main design considerations are:

· How many TM to be supported for MTC?

· Do we allow any TM switching?

· For Rank-1 transmission, what TM should we support?
Design option 1: Only support TM2 for all communications

For cost saving, it is desirable to have only one TM for MTC and do not allow switching. Since PBCH/SIB transmissions are all based on TM1 or TM2 depending on the number of transmission antennas at the eNB, MTC have to support either TM1 or TM2.  For this discussion, we will consider TM1 and TM2 as a single transmission mode as only one of them can exist in a given eNB, dpending on the number of CRS portts configured. 
If we would like to support only one TM for MTC, one alternative is to support only TM1/2 for all DL transmissions. 

Design option 2: Support a new TM where SFBC is assumed for MIB/SIB/RACH procedure but single layer beamforming for all other data communications

In this option, we allow both transmit diversity as well as single layer beam forming for MTC, but we don’t allow transmission mode switching to simplify the design. 
3.2. Considerations with Other Cost Reduction Techniques
In this section, we jointly consider the impact of TM design of the other cost reduction techniques:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
Supporting only SFBC or single layer transmssion is consistent with most of these techniques:


· Low data rate requirements  ( there is no need for MIMO with spatial multiplexing

· Single receiver RF chain ( we can’t support more than one rank transmission

· Reduction of transmit power is for UL (  it does not impact DL TM

· Half  duplex operation ( no impact on TM 

The only possible impact is on the narrowband operatoin. So we will take a closer look at narrowband operations. 

Given that narrowband operation can potentially provide large savings, it should be considered as a cost reduction technique. However, it can have potentially large impact on the standard. In this section, we propose a simple inclusion of MTC narrowband operation with minimum standard changes. 
The basic operation is shown in Figure 1 where in subframes where MTC narrowband operation is present, we will operate wideband system with one control symbol. The let the narrowband control symbol collide with the wideband control symbol. 

The eNB can control which system have priority in the collided region, e.g. 6 RB and 1 symbol.

· If we would like to maximally preseve the operation of wideband systems, then the wideband control will puncture the first symbol of the narrowband control. 

· If we would like to maximally protect the narrowband control symbol, then we can have the narrowband control symbol to puncture the wideband control symbols in this region. 
Note that this operation would not impact the wideband operation significantly, because in all other subframes, dynamic control region is available.  Only in the subframes supporting MTC operation is the control region restricted to one symbol. We can either schedule fewer users within this subframe, or use ePDCCH to schedule other users. 

On the other hand, the narrowband operation should not be impacted much if we were puncturing the first control symbol. 
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Figure 1. Joint Narrowband and Wideband Operations
So with this mode of operation, all TM could be supported by the narrowband MTC. We can further restrict the TM to SFBC or any other single layer beamforming technique for MTC as described in Section 3.1. 
3
Conclusions

In this contribution, we discussed the TM design for MTC. In perticular, our proposal is that:
Proposal 1: support only one TM without switching
Proposal 2: the TM can be just TM1/2 or a new TM which allows SFBC for SIB/MIB/RACH procedure but single layer beamforming for all other data transmissions. 
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