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1 Introduction
At the RAN#60 plenary meeting, the work item “Low cost & enhanced coverage MTC UE for LTE” [1] was approved. One of the general work item objectives is to:

· 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 discuss the necessity and provide our views on the “Details of new UE category/type” (agenda item 7.2.4.1 of the RAN1#74 meeting).

2 LTE UE Categories
The UE radio access capability parameters are divided on ue-Category dependent parameters and parameters independent of the ue-Category field [3]. The ue-Category defines a combined uplink and downlink capability of the UE terminal. The main rationale behind introduction of the LTE UE category is to ensure that eNodeB, can communicate correctly with the particular class of devices by applying proper UE configuration and scheduling settings.
2.1 Parameters Defined by UE Category 
The LTE Rel.11 specification defines eight UE categories that explicitly define the following UE capability parameters (see also Appendix A for more details on parameter values):

· Transport channel parameters in downlink

· Maximum number of DL-SCH transport block bits received within a TTI

· Maximum number of bits of a DL-SCH transport block received within a TTI
· Total number of DL-SCH soft channel bits
· Maximum number of bits of a MCH transport block received within a TTI

· Transport channel parameters in uplink

· Maximum number of bits of an UL-SCH transport block transmitted within a TTI

· Maximum number of UL-SCH transport block bits transmitted within a TTI

· Physical channel parameters in downlink (DL)
· 
Maximum number of supported layers for spatial multiplexing in DL

· Physical channel parameters in uplink (UL)
· Support for 64QAM in UL

· Total layer 2 buffer size
As it is seen from the above list, the UE category mainly relates to the minimum buffer size that should be supported by the UE terminal and also imposes requirements on the peak data rate that should be supported (see Appendix A). It has to be noted that UE category itself does not directly impose any constraints on the bandwidth for data and control channel transmission. In addition, it does not differentiate the duplexing mode, assuming that soft buffer sizes for TDD are the same as in FDD mode (eight HARQ processes is assumed as in FDD).

Observation 1:
· Current set of UE categories does not explicitly restrict bandwidth for transmission of the control and/or data channel but imposes minimum requirement on the instantaneous peak data rate that device should meet.
· None of the UE categories is tailored to the particular application. Instead, the set of applications is constrained by the ue-Category.

· Low data rates and latency requirements targeted by MTC devices can be supported by any existing device category.

· The soft buffer sizes are independent from the duplexing mode (the same for FDD and TDD duplexing mode).
2.2 UE Category Independent Parameters 
Beside parameters set by the ue-Category field, there are many UE capability parameters that are not defined/mandated by ue-Category. These physical layer capability parameters are category independent and include release specific features and operational modes [3]. For instance the following PHY layer specific parameters do not depend on ue-Category:

· Transmit antenna selection;
· PDSCH transmission modes;
· Simultaneous transmission of PUCCH and PUSCH;
· Cross-carrier scheduling;
· Number of spatial multiplexing layers in the uplink;
· Maximum number of CSI processes for TM10;

· Carrier aggregation and band combinations;

· etc.

In general, this set of UE capability parameters mainly relates to the new features introduced with the evolution of the LTE technology during multiple releases of specification; however these features are not precluded by the existing UE categories.
Observation 2:
· The major set of the UE capability physical parameters does not depend on ue-Category; instead it is controlled by capability signaling.
· For low data rate and latency tolerant MTC devices, the only parameter that can be potentially constrained by introduction of the new ue-Category is the maximum transport block size.
2.3 UE Category Summary
Summarizing observations provided in the previous two sub-sections, it can be highlighted that ue-Category mainly sets the minimum requirement on the peak data rate of UE terminal in DL and UL transmission directions. It should be noticed that the terminal category itself does not impose any explicit restrictions on the nominal system bandwidths. In other words, all nominal bandwidths up to 20MHz are supported by the legacy set of UE categories. In addition, ue-Category constrains the maximum transmission rank in case of spatial multiplexing transmission modes. However it does not explicitly mandate any physical constraints on the maximum number of receive antennas, instead it implies the minimum number of receive antennas through the RAN4 requirements that have to be satisfied for given device category.  
3 Motivation for MTC-Specific UE Category

According to the study item technical report (see Section 8 in [2]), the main motivation for introducing new UE category is “to restrict adopted low-cost techniques (simplification technique) negatively affecting the UE and/or network performance to this new UE category only”.  In addition, the need to identify UEs with degraded radio performance (low cost MTC UEs) is considered to be the main justification for introducing new ue-Category. In particular, it is stated that such “identification would, for example, enable the network to apply specific scheduling policies or specific service handling to these UEs, in order to limit their potential adverse impact on the network performance”.
Although the ue-Category field is a simple way to identify low cost MTC devices and restrict their operation (the ue-Category is reported in UE-EUTRA-Capability information element), the MTC device identification goal may be achieved by multiple other ways, using upper layer protocols and may require considerations of the other RAN WGs. In our view, the identification of low performance MTC devices cannot be considered as a valid justification for introducing new UE category for low cost MTC devices.
Observation 3:
· In general, the UE device category is not tailored to the particular application and therefore the use cases and requirements for the new UE category need to be carefully studied, since the device category may not be dependent on the MTC device attributes only.

· The minimum requirement on the peak data rate is the only motivation that can be used to introduce the new ue-Category.
· The coverage enhancement techniques to be specified during the WI can be optionally supported by existing UE categories.
4 Discussion on Cost Reduction and Coverage Enhancement

The recently approved work item [1], aims to achieve two main goals: cost reduction of LTE UE modem and coverage enhancement in link budget. In our view, these two objectives should be clearly differentiated and not mixed with each other.
· Cost reduction. The following cost reduction strategies are considered: single RX chain, reduced 1.4 MHz bandwidth for at least DL data transmission and restriction of the maximum TBS of 1000 bits for DL and UL transmission directions. Obviously, all of these cost reduction strategies will downgrade performance of the low cost MTC terminals and if new category is introduced it will relax requirement on the minimum peak data rate the level of  1Mbit/s in favored channel conditions.

· Coverage enhancement. For the 15dB target link budget enhancement, the multiple coverage enhancement techniques have been considered for different physical channels [2]. The majority of technical solutions assume energy accumulation over time by trading the data rate and spectral efficiency of TX allocations on the improved link budget.
Among the considered cost reduction strategies, only TBS restriction can be potentially used for the definition of the new ue-Category. The single RX chain, (although it is beneficial in terms of cost savings), is an implicit requirement but should not be explicitly mandated by new ue-Category, if the latter is to be specified. Instead, the new RAN4 requirements can be developed for devices equipped with single receive antenna, while the amount of receive antennas is left for implementation specific considerations. The reduced up to 1.4 MHz DL data bandwidth also should not be considered as the explicit attribute of the new ue-Category, unless the bandwidth of control channel is also reduced up to 1.4 MHz (i.e. narrow bandwidth operation). As for the coverage enhancement techniques, these technical solutions may be applied by any existing UE category and should not be considered as a part of the discussion on definition of the new ue-Category. From standardization perspective, it might be reasonable to introduce a new UE category (e.g. Category 0) with the 1Mbps instantaneous peak data rate (DL and UL) and the mandatory or optional support of coverage enhancement techniques to be specified during WI. The new coverage enhancements techniques can be considered as the optional capability for the existing set of device categories. If the new UE category is not to be introduced based by RAN1 discussion, as an alternative option, the MTC device with single RX antenna may be supported by capability signaling.

Based on the discussion above we have the following proposal:
Proposal 1:
· Coverage enhancement techniques to be specified during the WI phase should not be associated with any existing or new ue-Category.
· Considering the maximum transport block size of 1000 bits, the introduction of the new ue-Category is a reasonable option, however requires further discussion and additional input from network operators as well as assessment of market demands.
5 Details of New UE Category/Type
If the new UE category for low cost MTC devices is decided by RAN1 WG based on operators guidance, it should be considered to further reduce the number of soft bits and/or HARQ processes, supported by new device category (e.g. Category 0). The target of 15dB link budget improvement will require transmission in the narrow bandwidth, accumulating signal energy in time over multiple subframes. Therefore in power limited case there is no need to have 8 HARQ processes, as it is currently supported by FDD. The 4 DL and 4 UL HARQ processes or even less may be sufficient and will also meet the low data rate and delay tolerant MTC applications. It has to be noted that operation with 4 uplink HARQ processes is already supported for subframe bundling operation, when user is coverage limited. In addition, it may well fit the half-duplex operation with maximum data rate of up to 0.5Mbit/s. The latter (half-duplex operation) was identified as one of the cost reduction strategies during the study item phase and thus should be also considered and supported for MTC devices.
The support of half-duplex FDD operation should be especially taken into account during the design and specification of the coverage enhancement solutions. The indication of the HD-FDD operation is currently a part of the “RF parameters” capability signaling, which is independent of ue-Category field. In general, it can be also considered as an attribute for the new ue-Category, if RAN1 WG decides to differentiate the amount of soft channel bits for the duplexing modes.
Proposal 2:
· Coverage enhancement solutions should support half-duplex (HD-FDD) operation for low cost MTC devices.

· Consider to reduce amount of HARQ processes taking into account coverage limitations of MTC devices.

The Table 1 below shows the ue-Category dependent parameters and corresponding values for Category-1 devices. By default, it should be also assumed that new category should not support any features that are not supported by Category-1 (e.g. carrier aggregation). In addition, Table 1 contains column with the parameters for the new MTC specific category (Category-0) that can be proposed as the starting point for RAN1 WG discussion, if new Category is adopted.
Table 1: Parameters for definition of the new UE category.
	
	Category 1
	Category 0

	DL transport channel
	
	

	Max. # of DL-SCH TBs bits received per TTI
	10296
	1000

	Max. # of bits of a DL-SCH TB received per TTI
	10296
	1000

	Total # of DL-SCH soft channel bits
	250368
	~24000

	Max. # of bits of a MCH TB received per TTI
	10296
	TBD

	UL transport channel
	
	

	Max. # of bits of an UL-SCH TBs transmitted per TTI
	5160
	1000

	Max. # of UL-SCH TB bits transmitted per TTI
	5160
	1000

	DL PHY channel
	
	

	Max. # of supported layers for spatial multiplexing
	1
	1

	UL PHY channel
	
	

	Support for 64QAM in UL
	No
	No

	Total L2 buffer size [bytes]
	
	

	
	150 000
	TBD

	Instantaneous peak data rate (per subframe), Mbit/s
	
	

	Downlink
	~10
	1 (FDD/HD-FDD/TDD)

	Uplink
	~5
	1 (FDD/HD-FDD/TDD)

	Maximum data rate (averaged over frames), Mbit/s
	
	

	Downlink
	~10(FDD); ~5 (H-FDD);  
(TDD) depends on UL-DL configuration
	~0.5 (H-FDD);  ~1(FDD)

(TDD) depends on UL-DL configuration

	Uplink
	~5(FDD); ~2.5 (H-FDD);  
(TDD) depends on UL-DL configuration
	~0.5 (H-FDD);  ~1(FDD)

(TDD) depends on UL-DL configuration 


6 Conclusions

In this contribution, we provided our views on the definition of the new UE category for “Low cost & enhanced coverage MTC UEs”. It was noticed that ue-Category mainly relates to the new minimum requirements on the instantaneous peak data rate of MTC devices, which is expected to be 10 times lower comparing to the existing Category-1 devices. Based on the analysis presented in the contribution we have following list of observations and proposals:

Observation 1:
· Current set of UE categories does not explicitly restrict bandwidth for transmission of the control and/or data channel but imposes minimum requirement on the instantaneous peak data rate that device should meet.

· None of the UE categories is tailored to the particular application. Instead, the set of applications is constrained by the ue-Category.

· Low data rates and latency requirements targeted by MTC devices can be supported by any existing device category.

· The soft buffer sizes are independent from the duplexing mode (the same for FDD and TDD duplexing mode).
Observation 2:
· The major set of the UE capability physical parameters does not depend on ue-Category; instead it is controlled by capability signaling.
· For low data rate and latency tolerant MTC devices, the only parameter that can be potentially constrained by introduction of the new ue-Category is the maximum transport block size.
Observation 3:
· In general, the UE device category is not tailored to the particular application and therefore the use cases and requirements for the new UE category need to be carefully studied, since the device category may not be dependent on the MTC device attributes only.

· The minimum requirement on the peak data rate is the only motivation that can be used to introduce the new ue-Category.

· The coverage enhancement techniques to be specified during the WI can be optionally supported by existing UE categories.

Proposal 1:
· Coverage enhancement techniques to be specified during the WI phase should not be associated with any existing or new ue-Category.

· Considering the maximum transport block size of 1000 bits, the introduction of the new ue-Category is a reasonable option, however requires further discussion and additional input from network operators as well as assessment of market demands.
Proposal 2:
· Coverage enhancement solutions should support half-duplex (HD-FDD) operation for low cost MTC devices.

· Consider to reduce amount of HARQ processes taking into account coverage limitations of low cost MTC devices.
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Appendix A
The following table provides the parameters defined by ue-Category for DL and UL transmission directions.
Table 2: Parameters set by UE category field.
	
	Category 1
	Category 2
	Category 3
	Category 4
	Category 5
	Category 6
	Category 7
	Category 8

	DL transport channel
	
	
	
	
	
	
	
	

	Max. # of DL-SCH TBs bits received per TTI
	10296
	51024
	102048
	150752
	299552
	301504
	301504
	2998560

	Max. # of bits of a DL-SCH TB received per TTI
	10296
	51024
	75376
	75376
	149776
	149776 
(4 layers)

75376 
(2 layers)
	149776 
(4 layers)

75376  
(2 layers)
	299856

	Total # of DL-SCH soft channel bits
	250368
	1237248
	1237248
	1827072
	3667200
	3654144
	3654144
	35982720

	Max. # of bits of a MCH TB received per TTI
	10296
	51024
	75376
	75376
	75376
	(75376 TBD)
	(75376 TBD)
	(75376 TBD)

	UL transport channel
	
	
	
	
	
	
	
	

	Max. # of bits of an UL-SCH TBs transmitted per TTI
	5160
	25456
	51024
	51024
	75376
	51024
	102048
	1497760

	Max. # of UL-SCH TB bits transmitted per TTI
	5160
	25456
	51024
	51024
	75376
	51024
	51024
	149776

	DL PHY channel
	
	
	
	
	
	
	
	

	Max. # of supported layers for spatial multiplexing
	1
	2
	2
	2
	4
	2 or 4
	2 or 4
	8

	UL PHY channel
	
	
	
	
	
	
	
	

	Support for 64QAM in UL
	No
	No
	No
	No 
	Yes
	No
	No
	Yes

	Total L2 buffer size [bytes]
	
	
	
	
	
	
	
	

	
	150 000
	700 000
	1 400 000
	1 900 000
	3 500 000
	3 300 000
	3 800 000
	42 200 000

	Minimum requirement on peak data rate, Mbit/s 
	
	
	
	
	
	
	
	

	Downlink
	10
	50
	100
	150
	300
	300
	300
	1200

	Uplink
	5
	25
	50
	50
	75
	50
	150
	600
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