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1
Introduction
In RAN#60, the work item for MTC is approved with the following aspects [1]:

· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.

In addition, we have agreed in the TR36.888 that [2]:

The aim of introducing a new MTC-specific UE category would be to restrict any adopted MTC-related low-cost technique affecting the UE and/or network performance to this new UE category only.
This solution makes sure the existing UE categories are not affected by the simplifications intended for low-cost MTC UEs, by: 

· Defining a new UE category specifically for low-cost MTC devices, and;

· Restricting any simplification technique affecting the UE and/or network performance to operate only with this UE category. 

This solution allows the network to identify the UEs which use simplifications affecting the UE or network performance, since the UE reports its category upon initial connection. 

In this contribution, we present our views on the new UE category for MTC. In separate contributions [3,4], we present our views on the coverage enhancements for MTC. 

2
New UE Category for MTC
As discussed in Section 1, in order to reduce the complexity of MTC devices, we have agreed on 1 Rx antenna, max TB size per subframe as well as narrowband DL data transmission. 
Since the MTC device has only one antenna, the extent of the TM supports needs to be clarified. As shown in Table 1, 10 different TMs are supported up to Rel 12. For MTC, there are following two options:
· Option 1: Support only TM1 and TM2 for MTC.  As shown in Table 1, only DCI format 1A and 1 need to be supported for DL assignment. 
· Option 2: Support other TM with single layer transmission, e.g. TM5, TM6 or TM7. Given that MTC devices typically have short bursts of limited data transmissions, the benefit of MU-MIMO seems to be very limited. Single layer beamforming may have some coverage benefit at the additional cost of feedback and processing complexity. 
Depending on the extent of the TM support, the following aspects can be determined:

· Extent of channel feedback calculation and supported feedback modes
· Extent of supported DCI formats

Observation:
· The extent of TM supports needs further clarification.

· The feedback modes as well as supported DCI formats can be decided based on the decision on TM support. 
	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) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 10
	
	
	

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


Table 1: Summary of Transmission Modes
3
Conclusion

In this contribution, we presented out view on the new UE category for MTC. In general, we support the following decisions regarding the definition of a new UE category for MTC:
· 1 Rx antenna 
· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.
· The new MTC-specific UE category would be to restrict any adopted MTC-related low-cost technique affecting the UE and/or network performance to this new UE category only.
The following aspects related to above decision need to be clarified: 
· The extend of supported TMs for the one antenna MTC devices is FFS
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