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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

This contribution discusses these capabilities and their relationship to other capabilities such as the coverage improvements that are also part of the work item.
2 Discussion
2.1 Single receive antenna

The new low complexity UE type should not require the implementation of a dual antenna receiver. The direct impact on the physical layer specifications is expected to be small. With a single receive antenna, the UE will not be able to support multi-layer transmission, but the specifications already cover a UE category that only supports single-layer transmission, namely UE Category 1. A single receive antenna UE should in principle be able to support the same transmission modes etc. as UE Category 1.
However, a single antenna receiver will typically perform worse than a dual antenna receiver. RAN4 will need to specify a separate set of performance requirements for UEs with single antenna receivers. If the new UE type is required to implement new physical layer functionality in order to compensate for the degraded receiver performance (e.g. coverage improvements), this results in significant indirect impact on the physical layer specifications. The grouping of capabilities is discussed in section 2.4.
2.2 Downlink and uplink maximum TBS of 1000 bits

A new UE category with reduced peak rate (1 Mbps) and reduced maximum TBS (1000 bits) can be introduced in the relevant tables in TS 36.306 [3] as shown below, where “Category 0” represents the new UE category. The required soft buffer size should be 25344 bits for 8 HARQ processes (3168 bits per HARQ process).

One possible question to raise in a potential LS to RAN2 is whether it is going to cause some problems for the SIB transmission that the maximum TBS is 1000 bits.
TS 36.306 Table 4.1-1: 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
	25344
	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

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


TS 36.306 Table 4.1-2: 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


2.3 Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
The new low complexity UE type is not required to receive downlink data transmissions spanning more than 1.4 MHz. Each PDSCH allocation is thus limited to max 6 RBs (contiguous). It should be straightforward to specify this restriction, either in RAN1 or RAN2 specification.
The WID [1] states that downlink control channels are allowed to use the full carrier bandwidth. However, reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with common search space is already considered in Rel-12 timeline by other work.
The WID furthermore stipulates that the uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of a normal LTE UE, i.e. determined by the system bandwidth. Since the RF bandwidth remains the same, the downlink data transmissions can be scheduled anywhere in the frequency band (but with restricted bandwidth).
SIB transmissions over PDSCH need to be transmitted within 1.4 MHz in order to be received by the new UE type. This means that common SIB transmissions using SI-RNTI either always need to be scheduled within 1.4 MHz or there need to be separate (redundant) transmissions to low complexity MTC UEs and other UEs. This could be seen as a design choice in the network implementation.
2.4 Relationship to other capabilities
The WID stipulates that the new UE type should be specified for all LTE duplex modes which should mean full duplex FDD, half duplex FDD and TDD.

Our preference is that the new UE type supports the same transmission modes, modulation schemes, etc. as UE Category 1 unless significant benefits (e.g. in terms of reduced complexity) can be shown.
In our view, there is no obvious reason to bundle the different low complexity UE capabilities (single receive antenna, reduced peak rate, and reduced bandwidth) in the physical layer specifications. It is a more clean solution to tie them to each other at a single point in the specifications, preferably in RAN2 specification.

Furthermore, according to the WID the coverage improvements that are part of the same work item should be applicable for the new low complexity UE type as well as for other UEs operating delay tolerant MTC applications. However, it can be argued that a low complexity UE with a single receive antenna should support at least a sufficient amount of downlink coverage improvements to compensate for its degraded receiver performance – this can be specified in RAN2 specification.
3 Conclusions

This contribution discussed some aspects of the new low complexity UE type. In our view, there is very little direct impact on RAN1 specifications from the new UE type. From RAN1 specification point of view, there is already a UE type with similar capabilities, namely UE Category 1. It should be possible to mainly capture the capabilities of the new UE type in RAN2 and RAN4 specifications. The relationships between these capabilities, and also their relationship to other features such as coverage enhancements, can be captured in RAN2 specifications. It may be useful to capture the essential information, guidance and questions in an LS to RAN2 and RAN4.
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