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1 Introduction
In the SI “Study on provision of low-cost MTC UEs based on LTE”, the following three techniques were discussed for reduction of peak rate which is one of the concepts to provide cost savings [1]: 

“1. Reduction of maximum transport block sizes for DL and UL

2. Restricting the number of PRBs in an assignment/grant

3. Restricting the maximum modulation order”

At RAN #60 meeting, the work item “Low cost & enhanced coverage MTC UE for LTE” [2] was approved. The capabilities for a new UE category/type were captured as:
“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.”

The first technique of peak rate reduction was specified to restrict maximum DL and UL transport block size to 1000 bits. Restricting the number of PRBs to 6 for the DL data channel is also in the context of DL bandwidth reduction, which leads to the maximum DL transport block size of 4392 bits. Since the 1000 bits is smaller than the value for the bandwidth reduction, this contribution just analyzes the impact of 1000 bits on new UE category. Some suggestions on the related parameters set are also given.
2 Impact on the new UE category related parameters
2.1 Parameters set by the new UE category 0
According to section 8 in the low-cost MTC TR [1], a new UE category needs to be defined specifically for low-cost MTC devices. We refer this new category as UE category 0. The parameters listed in Tables 1-2 are set by the field UE category [3]. The suggested values of these parameters for UE category 0 are provided. We analyze the impact on the parameters by maximum DL and UL transport block sizes reduction in the tables and in the following section.
Table 1: Downlink physical layer parameter values set by the field ue-Category

	
	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 soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0
	1000
	1000
	[25344]
	1

	Reason for the value considered the impact by max TBS reduction
	Downlink max TBS is restricted to 1000 bits and there is one TB per TTI
	Downlink max TBS is restricted to 1000 bits
	Refer to section 2.2
	Only support rank 1 by 1 Rx antenna


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

	Reason for the value considered the impact by max TBS reduction
	Uplink max TBS is restricted to 1000 bits and there is one TB per TTI
	Uplink max TBS is restricted to 1000 bits
	No need to support higher modulation order than the reference category 1 UE


In [3], there are another two parameters set by the field UE Category. One is the total layer 2 buffer size which is not RAN1 related parameter and TBD by RAN2. The other is the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE. 
In the initial phase of coverage improvement study for MTC UEs, MBMS was not taken into consideration as stated in section 9.3 in TR36.888 [1]: “Channels and signals associated with Multimedia broadcast services and location services are not included in the initial phase of study and are excluded from the analysis for coverage improvement.” However, it does not indicate whether low-cost MTC UEs should support MBMS. To support some broadcast applications such as firmware update, support of MBMS should be considered further.

Proposal: Liaise with RAN2 to define the parameters set by the new UE category with the consideration of the suggested values.
2.2 Total number of soft channel bits calculation
The total number of soft channel bits is calculated based on maximum DL transport block size. In the calculation below, the meaning of the symbols (e.g., 
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When the DL transport block size is restricted to 1000, the sequence length B with transport block CRC attached is 1024. As 1024 is smaller than the maximum code block size 6144, segmentation of the sequence is not performed and number of code blocks C equals to 1. No code block CRC is needed so that 
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. Filler bits are not added because the filler bits number 
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=0. Turbo coding is used for the code block and the number of encoded bits per output stream D = 
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 + 4 = 1028. Then rate matching is performed for the turbo coded bits. At the first stage of rate matching, each bit stream is sub-block interleaved using a matrix with 
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The calculation of the total number of soft channel bits for UE category 0 follows the procedure in section 5.1.4.1.2 of [4]. The soft buffer size for one HARQ process is 3subblock interleaver size. Hence for one HARQ process, the soft buffer size for a 1000 bit transport block size is 3168. Assuming that the maximum number of FDD DL HARQ processes is 8, the total number of soft channel bits needed at the UE is 25344 (=31688).  
Reducing the number of HARQ processes could have some additional small cost savings, which is not considered in the cost reduction evaluation in the TR. Transmitting control channel and its scheduled data within the separate subframes as analyzed in [5] could reduce the HARQ processes number to get cost savings. When considering other cost reduction and coverage improvement techniques, repetition/TTI bundling can reduce the number of HARQ processes. However, there will be category 0 UEs which do not require coverage improvement with no repetition/TTI bundling applied in the DL. The bracket of the number of soft channel bits could be removed after we get some conclusions for HARQ handling.
3 Conclusions

The impact on UE category related parameters by 1000 bits maximum downlink and uplink transport block size is analyzed in this contribution. We suggest the values for some of the parameters and propose:
Proposal: Liaise with RAN2 to define the parameters set by the new UE category with the consideration of the suggested values.
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