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1 Introduction

Machine-type communications (MTC) UEs target low end applications which only require low data rates. Considering that low average revenue per user is expected, these applications can be utilized over the GSM/GPRS radio interface. As more MTC UEs are deployed, this would require operators to maintain multiple radio access technologies in case there is not enough motivation for MTC UE suppliers to provide modules supporting the LTE radio interface. This would prevent operators to utilize their spectrums efficiently. Therefore, it is necessary to provide the necessary tools for the MTC UE vendors to be able to migrate the low-end MTC UEs from GSM/GPRS networks to LTE networks.
The work item on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved for Rel-12. In this contribution we discuss the capabilities for the new low cost/complexity MTC UEs, and how to support these capabilities.
2 Discussion

2.1 UE category and capabilities for low cost/complexity MTC UEs

One of the objectives of the work item is to specify a new low cost/complexity UE type supporting the following capabilities:

· Single receive antenna; this would mean such UEs will not be able to support multi-layer transmission. In the specifications, there is a UE category, i.e. UE category 1, which supports only single-layer transmission. A single antenna receiver UE should, in principle, be able to support the same transmission modes as UE Category 1.
· Downlink and uplink maximum TBS of 1000 bits; a transport block is a group of resource blocks with a common modulation/coding and its size depends on the MCS (modulation and coding scheme) and the number of resource blocks assigned to a UE.
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband; each PDSCH allocation is thus limited to max 6 RBs. The work item description [1] states that the uplink channel bandwidth and bandwidth for uplink and downlink RF remain the same as that of a normal LTE UE, i.e. determined by the system bandwidth. Since RF bandwidth remains the same, the downlink data transmissions can be scheduled anywhere in the frequency band (but with restricted bandwidth).
Observation 1
A new UE category is required to support the UE capabilities outlined in the WID for low cost/complexity MTC UEs.
A new UE category with reduced peak rate (1 Mbps) and reduced maximum transport block size of 1000 bits can be introduced in TS 36.306 [2] in Tables 4.1-1, 4.1-2, 4.1-3, and 4.1-4 as shown in the Appendix, where “Category 0” represents the new low cost/complexity UE category. The field ue-Category defines a combined uplink and downlink capability. Tables 4.1-1 and 4.1-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. For each UE category, the soft buffer size is determined based on the instantaneous peak data rate supported per subframe multiplied by eight (i.e. using eight HARQ processes) and applying the soft buffer reduction factor as described in [3]. The required soft buffer size for the new UE category should be 25344 bits for 8 HARQ processes (3168 bits per HARQ process).

Table 4.1-3 defines the total layer 2 buffer sizes set by the field ue-Category. Total layer 2 buffer size is defined as the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers [2].The buffer size for the new UE category can be specified similar to the L2 buffer sizes for the Rel-11 UE categories. It can be set to [4]

Total layer 2 buffer size for the new UE category

= (“Maximum number of DL-SCH transport block bits received within a TTI” + “Maximum number of UL-SCH transport block bits transmitted within a TTI”) * 0.075s.
= (1000 + 1000) * 0.075 = 18750 bytes => ~20 000bytes
This would allow the transmitting RLC entities to continue sending new data at the maximum bit rate supported by the category in both UL and DL for 75 ms before having received an RLC ACK for the lowest outstanding RLC PDU.
Table 4.1-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE. The maximum number of bits of a MCH transport block received within a TTI for the new UE category can be specified with respect to the maximum number of bits of a DL-SCH transport block received within a TTI, which is 1000 bits. However this would mean that the new category UEs will not support MBMS unless there will be a dedicated MBMS service for these new category UEs with a maximum transmission rate of 1Mbit/sec.

2.2 Radio frequency aspects

In LTE, OFDM scheme can create waveforms to operate in spectrum allocations of 1.4, 3, 5, 10, 15 and 20MHz sizes, or pairs of bandwidths of this size to support uplink and downlink communication in frequency division duplex mode to enable bandwidth flexibility. This helps operators not only to re-farm small chunks of spectrum, but also to use large blocks of up to 20MHz efficiently. LTE supports flexible bandwidths from 1.4MHz to 20MHz, and multiples thereof up to 100MHz from Rel-10, however not all bandwidths are supported by all bands as shown in Table 5.6.1-1 [8].

The transmission bandwidth configuration in [8] shall be supported for each of the specified channel bandwidths and the same (symmetrical) channel bandwidth is specified for both TX and RX paths. Even the lowest category of UE is required to support all bandwidths specified for the bands in which the UE is designed to operate. Low cost/complexity MTC UEs are not required to receive downlink data transmissions spanning more than 1.4 MHz [1], however such UEs will still be able to operate in all system bandwidths assuming that all PDSCH transmissions intended for those UEs meet the PRB restriction, i.e. PDSCH allocations of max 6 PRBs.

Observation 2
Low cost/complexity MTC UEs can support all bandwidths specified for the bands in which they are designed to operate assuming that all PDSCH transmissions intended for such UEs meet the PRB restriction, i.e. PDSCH allocations of max 6 PRBs.
2.3 Category indication for low cost/complexity MTC UEs
In TS 36.331, UE category is included in UE-EUTRA-Capability IE, where it is defined as a mandatory present Rel-8 IE with a value range from 1 to 5 [5].
UE-EUTRA-Capability ::=          SEQUENCE {

    accessStratumRelease             AccessStratumRelease,

    ue-Category                          INTEGER (1..5),
    pdcp-Parameters                      PDCP-Parameters,

    phyLayerParameters               PhyLayerParameters,

    rf-Parameters                    RF-Parameters,

    measParameters                   MeasParameters,

    featureGroupIndicators               BIT STRING (SIZE (32))              OPTIONAL,

    interRAT-Parameters              SEQUENCE {

       utraFDD                          IRAT-ParametersUTRA-FDD              OPTIONAL,

       utraTDD128                       IRAT-ParametersUTRA-TDD128           OPTIONAL,

       utraTDD384                       IRAT-ParametersUTRA-TDD384           OPTIONAL,

       utraTDD768                       IRAT-ParametersUTRA-TDD768           OPTIONAL,

       geran                            IRAT-ParametersGERAN                 OPTIONAL,

       cdma2000-HRPD                    IRAT-ParametersCDMA2000-HRPD         OPTIONAL,

       cdma2000-1xRTT                   IRAT-ParametersCDMA2000-1XRTT        OPTIONAL

    },

    nonCriticalExtension             UE-EUTRA-Capability-v920-IEs     
   OPTIONAL

}

A UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category 8 shall also indicate category 5. Categories 6 to 8 are included in a Rel-10 extension where they are defined as optional present since extensions are always optional in E-UTRA ASN.1 methodology.
UE-EUTRA-Capability-v1020-IEs ::=    SEQUENCE {

    ue-Category-v1020                INTEGER (6..8)                           OPTIONAL,
    phyLayerParameters-v1020         PhyLayerParameters-v1020                 OPTIONAL,

    rf-Parameters-v1020                  RF-Parameters-v1020                     OPTIONAL,

    measParameters-v1020             MeasParameters-v1020                        OPTIONAL,

    featureGroupIndRel10-r10         BIT STRING (SIZE (32))                   OPTIONAL,

    interRAT-ParametersCDMA2000-v1020    IRAT-ParametersCDMA2000-1XRTT-v1020     OPTIONAL,

    ue-BasedNetwPerfMeasParameters-r10   UE-BasedNetwPerfMeasParameters-r10      OPTIONAL,

    interRAT-ParametersUTRA-TDD-v1020    IRAT-ParametersUTRA-TDD-v1020           OPTIONAL,

    nonCriticalExtension             UE-EUTRA-Capability-v1060-IEs            OPTIONAL

}

If the UE signals a category with a value range 1 to 5, it does not need to include ue-Category-v1020 extension, i.e. the IE is absent. If the UE signals a category greater than 5, i.e. 6 to 8, it must first signal one category with a value range 1 to 5 because it is mandatory present and then further include one category from 6 to 8. If the network does not comprehend the extension category 6 to 8, the network assumes that the UE has only the signalled category 1 to 5 and ignores the extension. There are no interoperability problems in this case since a category UE from 6 to 8 is also category 1 to 5 UE.

If we introduce a new UE category which is less capable than categories from 1 to 5, that category must be in an optional IE because extensions are optional and in addition the UE shall signal one category from 1 to 5 even if it does not have one. Leaving a mandatory present IE absent results in a decoding error and the message is ignored. If the network does not comprehend the extension with the new category, it will ignore the extension and assume that the UE has a category with a value range 1 to 5. 

Observation 3
If the new category UE is less capable than any of the legacy categories 1 to 5, there will be an interoperability problem.
One solution to the interoperability problem described above could be to introduce an (optionally present) extension that can override the (mandatory present) Rel-8 IE with categories 1 to 5. Considering that the UE needs to know whether the network can comprehend the extension or not prior to requesting an RRC connection, the network may broadcast a bit, i.e. in SIB1, to indicate that it comprehends the extension with the new UE category.


Proposal 1
Introduce an (optionally present) extension that can override the (mandatory present) Rel-8 IE with categories 1 to 5.


This can be done as shown in the Appendix. We propose the following to keep backwards compatibility with the existing networks:

Proposal 2
The new category UEs may access the network, if the network indicates that it comprehends the extension with the new category by brodcasting a bit, i.e. in SIB1.


3 Conclusion

In this contribution we discussed the capabilities outlined in the work item description for low cost/complexity MTC UEs and how such capabilities can be supported for the new low cost/complexity UE type. In section 2 we have made the following observations:
Observation 1
A new UE category is required to support the UE capabilities outlined in the WID for low cost/complexity MTC UEs.
Observation 2
Low cost/complexity MTC UEs can support all bandwidths specified for the bands in which they are designed to operate assuming that all PDSCH transmissions intended for such UEs meet the PRB restriction, i.e. PDSCH allocations of max 6 PRBs.
Observation 3
If the new category UE is less capable than any of the legacy categories 1 to 5, there will be an interoperability problem.
Based on the discussion in the section above we propose the following:

Proposal 1
Introduce an (optionally present) extension that can override the (mandatory present) Rel-8 IE with categories 1 to 5.



Proposal 2
The new category UEs may access the network, if the network indicates that it comprehends the extension with the new category by brodcasting a bit, i.e. in SIB1.
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5 Appendix

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


 TS 36.306 Table 4.1-3: Total layer 2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]

	Category 0
	20 000

	Category 1
	150 000

	Category 2
	700 000

	Category 3
	1 400 000

	Category 4
	1 900 000

	Category 5
	3 500 000

	Category 6
	3 300 000

	Category 7
	3 800 000

	Category 8
	42 200 000


TS 36.306 Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-Category for an MBMS capable UE 
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 0
	1000

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376

	Category 6
	75376

	Category 7
	75376

	Category 8
	75376


UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.
TS 36.331 UE-EUTRA-Capability information element
-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {


accessStratumRelease



AccessStratumRelease,


ue-Category






INTEGER (1..5),


pdcp-Parameters





PDCP-Parameters,


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


measParameters





MeasParameters,


featureGroupIndicators



BIT STRING (SIZE (32))



OPTIONAL,


interRAT-Parameters



SEQUENCE {



utraFDD







IRAT-ParametersUTRA-FDD



OPTIONAL,



utraTDD128






IRAT-ParametersUTRA-TDD128



OPTIONAL,



utraTDD384






IRAT-ParametersUTRA-TDD384



OPTIONAL,



utraTDD768






IRAT-ParametersUTRA-TDD768



OPTIONAL,



geran







IRAT-ParametersGERAN




OPTIONAL,



cdma2000-HRPD





IRAT-ParametersCDMA2000-HRPD


OPTIONAL,



cdma2000-1xRTT





IRAT-ParametersCDMA2000-1XRTT


OPTIONAL


},


nonCriticalExtension



UE-EUTRA-Capability-v920-IEs

OPTIONAL

}

UE-EUTRA-Capability-v1130-IEs ::=
SEQUENCE {


pdcp-Parameters-v1130



PDCP-Parameters-v1130,


phyLayerParameters-v1130


PhyLayerParameters-v1130



OPTIONAL,


rf-Parameters-v1130




RF-Parameters-v1130,


measParameters-v1130



MeasParameters-v1130,


interRAT-ParametersCDMA2000-v1130
IRAT-ParametersCDMA2000-v1130,


otherParameters-r11




Other-Parameters-r11,


fdd-Add-UE-EUTRA-Capabilities-v1130
UE-EUTRA-CapabilityAddXDD-Mode-v1130
OPTIONAL,


tdd-Add-UE-EUTRA-Capabilities-v1130
UE-EUTRA-CapabilityAddXDD-Mode-v1130
OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v12xy-IEs







OPTIONAL

}

UE-EUTRA-Capability-v12xy-IEs ::=
SEQUENCE {


ue-Category-v12xy




INTEGER (0)







OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL

}

UE-EUTRA-CapabilityAddXDD-Mode-r9 ::=
SEQUENCE {


phyLayerParameters-r9



PhyLayerParameters




OPTIONAL,


featureGroupIndicators-r9


BIT STRING (SIZE (32))



OPTIONAL,


featureGroupIndRel9Add-r9


BIT STRING (SIZE (32))



OPTIONAL,


interRAT-ParametersGERAN-r9


IRAT-ParametersGERAN



OPTIONAL,


interRAT-ParametersUTRA-r9


IRAT-ParametersUTRA-v920


OPTIONAL,


interRAT-ParametersCDMA2000-r9

IRAT-ParametersCDMA2000-1XRTT-v920
OPTIONAL,


neighCellSI-AcquisitionParameters-r9
NeighCellSI-AcquisitionParameters-r9
OPTIONAL,


...

}

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	ue-Category
UE category as defined in TS 36.306 [5]. Set to values 0 to 8 in this version of the specification.
	-
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