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Discussion and decision
1 Introduction
One objective of low cost and enhanced coverage MTC UE work item [1] is to specify a new UE category/type for MTC operation as captured below:
· 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.

Based on above capabilities, this contribution discusses corresponding UE category/type for low cost and enhanced coverage MTC UE. Coverage enhancement techniques are discussed in our companion contribution [2].
2 New UE category/type
1 Rx antenna
As captured in TR36.888 [3], a reduced SINR for PSS/SSS/PBCH due to 1 Rx antenna MTC UE penalizes acquisition time. In addition, there will be a coverage penalty on all downlink channels. Therefore, corresponding RAN4 specification impacts, e.g. performance requirements, are expected. 
Observation 1: RAN4 specification impacts are expected to support MTC UE with 1 Rx antenna. 
Maximum TBS size of 1000 bits
Not all entries in the current TBS table are required for MTC UE taking into account both maximum TBS size of 1000 bits and reduced downlink channel bandwidth of 1.4MHz. A simple approach would be to ignore any TBS entries which are not consistent with the condition of maximum TBS size of 1000 bits and downlink bandwidth of 1.4 MHz. 
Observation 2: The TBS table should be defined for MTC UE with maximum TBS size of 1000 bits and downlink channel bandwidth of 1.4 MHz.

Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
From the study item discussion, the frequency location of the reduced bandwidth can be changed semi-statically, dynamically, or in a pre-defined pattern for each UE. This could enable more MTC UEs to be supported in the system. The frequency location change can be implemented without specification change. For example, as the reduced downlink channel bandwidth of 1.4 MHz applies only for the PDSCH in baseband, the possible solution would be dynamic resource allocation for the PDSCH confined within the 1.4 MHz by eNB scheduling operation.
Soft buffer size

Taking a similar approach as for soft buffer size of normal LTE Category 1 UE, the soft buffer size of the new UE category for MTC UE (e.g. “Category 0”) would be 24000 bits. That is, maximum 8 downlink HARQ processes and no soft buffer reduction are considered under the assumption of maximum TBS size of 1000 bits for MTC UE. For example, Table 1 shows the new entry in the current existing table of downlink UE category in TS36.306 [4]. According to Table 1, ~90% soft buffer saving can be achieved compared with normal LTE Category 1 UE. The soft buffer size could be reduced further by reducing the number of HARQ processes or by employing limited buffer rate matching (LBRM) functionality. Table 2 shows the new entry of uplink UE category.
Observation 3: Soft buffer size for MTC UE can be reduced significantly compared with normal LTE Category 1 UE.
Table 1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0
	[1000]
	[1000]
	[24000]
	1

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


Table 2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 0
	[1000]
	[1000]
	No

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


3 Conclusion
In this contribution, a new UE category/type for MTC UE according to the identified objective in WID [1] is discussed. The observations discussed in section 2 are summarized as below:
· Observation 1: RAN4 specification impacts are expected to support MTC UE with 1 Rx antenna. 
· Observation 2: The TBS table should be defined for MTC UE with maximum TBS size of 1000 bits and downlink channel bandwidth of 1.4 MHz.

· Observation 3: Soft buffer size for MTC UE can be reduced significantly compared with normal LTE Category 1 UE.
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