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1. Introduction

In [1], the following capabilities were listed regarding the new low-cost UE category –
· 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 this contribution, we define the access capabilities of the new UE category and discuss required and potential specification impacts.
2. Low-cost UE category

In this contribution, we define a new low-cost MTC UE category, Category 0, intended to support MTC operation.  In the study item phase, it was understood that this new UE category is restricted to MTC operation with low data rate and/or high latency tolerance.  This is to avoid unintended performance impact to the overall system.
Maximum TBS size of 1000 bits
Based on supporting downlink and uplink maximum TBS size of 1000 bits, radio access capabilities have been proposed as shown in Table 1 - Table 4. In MTC operation, some services may be best provided in group-based or broadcast mode (e.g. software or parameter updates). Therefore, in Table 4, MCH capability is defined for this UE category also.  Other than new entries to [3] based on Table 1 - Table 4, no other specification impact is required.
Note that with the TBS restriction, some optimization may be possible (e.g. reduced DCI overhead). However, this optimization is not expected to bring significant improvement in system performance, and is therefore not a priority.
MBMS support
Broadcast and multicast can be useful and very valuable services for MTC UEs (e.g. for software update) and therefore the MCH shcould be supported for some low-cost UE category. The supportable MCH data rate depends on the maximum supported TBS size as well as it depends on the number of available MBMS subframes. It is expected that 1000 bits per TTI should provides sufficient data rate for some feasible MTC applications. Repetition on the MCH should be considered as well in order to reduce the amount of higher-layer or application-layer overhead.
1 Rx antenna
Currently, the number of receive antenna is not specified as this information is not necessary.  As a result, for the new low-cost MTC UE category, this capability field is not needed in the specification. However, there are still specification impacts from this feature, namely –
· RAN4 specifications on receiver characteristics, performance requirements and measurements for this new type of UE.
· Coverage shortfall due to 1 Rx antenna.  Because of the reduced receiver gain, cell coverage will be reduced for low-cost MTC UEs, introducing coverage gaps into existing deployment.  This coverage gap, however, is expected to be addressed using coverage enhancement features being standardized for low-cost MTC [1].
· Potential specification impact on RACH procedure. During the RACH procedure (Message 2/4), the eNB does not have information about UE category.  Therefore, the eNB may have to adjust its MCS selection to ensure reception by low-cost MTC UEs.  The overall impact, however, depends on the amount of resources taken by the random access procedure.  Some implementation based solutions can be used to alleviate the potential impact.  Examples include assigning dedicated preambles for subsequent access attempts, timed access, and dedicated PRACH for low-cost MTC UEs.  Standard-based solutions are also possibly but further studies are needed to determine if they are justified.
· Potential specification impact on PBCH.  Under normal scenarios, the coverage of the PBCH is not an issue even with 1 Rx antenna.  For coverage limited scenarios, however, it is shown in [5] that, with 1 Rx antenna, the PBCH overhead considering MTC coverage enhancements becomes quite high. This is due to the number of repetitions required within 40ms before the MIB changes. Some implementation based solutions (e.g. correlation based receiver) have been studied [2]. However, standard-based solutions may be needed to address this issue.
In addition to specification impacts, there are also implementation impacts to handle a new UE category with different features and performance.
Reduced downlink channel bandwidth of 1.4 MHz
From [1], reduced channel bandwidth of 1.4MHz is to be supported for the downlink data channel in baseband. The control channel, however, is allowed to use the carrier bandwidth of up to 20MHz. For the uplink channels, there is no bandwidth restriction envisioned. Furthermore, the RF bandwidth for both uplink and downlink remains the same as that of Cat-1 UE (i.e. 20 MHz). In a companion contribution [4], detailed study of reduced bandwidth was performed to analyze the benefits of this feature in addition to TBS restriction to 1000 bits. The following observations may be made –

· The estimated cost saving on the modem from reduced downlink channel bandwidth in baseband is on the order of 8% from [2]. However, the actual saving may be less.
· The estimated performance loss from reduced downlink channel bandwidth is approximately 1.5-2dB for 2Tx, and 1-1.5dB for 4Tx due to the lack of frequency diversity gains.
· The estimated power saving from reduced downlink channel bandwidth is negligible in most cases and potentially negative for coverage-limited UEs (see [4] for detailed analysis).
· Some specification changes may be necessary for system access and for determining the MTC narrowband region.
· The bandwidth restriction has strong impacts on eNB scheduler implementation and operation in mixed regular UE and MTC UE traffic.
Based on these observations, it is seen that the main benefit for supporting bandwidth reduction in addition to TBS restriction is the additional 8% cost saving, which may not be realized in practice.  On the other hand, there is some performance loss and higher overhead which may result in lower system efficiency, especially for coverage-limited MTC UEs. There are also specification and implementation impacts with this feature. Therefore, it should be carefully considered whether reduced PDSCH bandwidth is needed in addition to the TBS size restrictions.

Coverage improvement features
From [2], it can be seen that, even without coverage improvement, coverage for LTE is already quite good when compared to GSM. In addition, not all devices that are installed in poor locations will require coverage improvement. Therefore, coverage improvement features should be optional for all UE categories.  As a result, a capability field should be added to indicate whether coverage improvement features are supported for this UE.
3. Conclusion
In this contribution, we define the access capabilities of the new UE category and discuss required and potential specification impacts.  Radio access capabilities have been proposed as shown in Table 1 - Table 4, and changes to supported 1 Rx antenna have been summarized.  With respect to reduced channel bandwidth, it is proposed to carefully consider whether reduced downlink data channel bandwidth in baseband is needed in addition to TBS restriction.
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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
	[25344]
	1


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


Table 3. Total layer 2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]

	Category 0
	[15 000]


Table 4. Maximum number of bits of a MCH transport block received within a TTI set by the fieldue-Category for an MBMS capable UE
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 0
	1000


