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1. Introduction
A new WI for MTC has been approved in RAN #60 meeting to specify a new LTE UE for MTC operation allowing enhanced coverage compared to existing LTE devices. As described in [1], one of the detailed objectives is:

· Specify a new UE category/type for MTC operation in all LTE duplex modes 
In this contribution, we provide an initial analysis on defining a new UE category.
2. Discussions
2.1. Principles of defining new UE category
The aim to introduce a new MTC-specific UE category is to restrict any adopted MTC-related low-cost technique to this new UE category only. Therefore existing UE categories are not affected. Meanwhile, the above mentioned capabilities should be captured via defining a new UE category. 
However before discussing details of each aspect related to the UE category, some general principles should be considered firstly. Accordingly the UE category definition in Rel-8/10 can be referenced: 
· For example, a combination of DL and UL should be defined in the UE category in the same way as in Rel-8/10 in order to reduce the number of combinations. 
· Some typical L1 parameters should be supported by the UE category, e.g., the maximum number of bits of transport blocks received/transmitted within one TTI and the number of supported layers.

Besides being compliant to Rel-8/10 UE category definition, we should consider whether some other parameters should be specifically covered by this new UE category or  made mandatory/optional in UE capabilities.
Proposal 1: General principles to define the new UE category should be considered firstly, which references the UE categories definition in Rel-8/10 as a starting point. 

2.2. Preliminary considerations on new UE category
The baseline for cost reduction analysis during low-cost MTC SI is Cat-1 UE. This was meant to bring down the cost of this new UE category into GSM terminal cost range. From this point of view, the new UE category is a lower-end sub-category of Cat-1 UE, mainly intended to support cases such as household smart metering. Accordingly some parameters are analyzed for this new UE category, from the perspective of specific cost angle, whether tied to the UE category or not.
· Maximum number of bits of transport blocks received/transmitted within one TTI
As mentioned in WID, the new UE category supports the maximum TBS size up to 1000 bits for UL and DL, which is with lower capability than the current Cat-1 UE. Hence, in the new UE category, the capability of supporting up to 1000 bits of transport block received/transmitted within one TTI should be determined.
· Number of DL/UL MIMO layers: 1

· Total number of soft channel bits
As for the decision of “total number of soft channel bits”, Rel 8 analysis indicated that the value of the parameter is calculated as 
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 [2], which indicates that the value is proportional to the maximum TBS, HARQ process number as well as minimum code rate. 
As concluded in TR36.888, reduction of maximum TBS for UL/DL to 1000 bits will correspondingly reduce HARQ buffer by 90% compared to the reference Cat-1 UE, which is based on the same HARQ process number assumption [3]. When discussing cost reduction techniques, reduction of HARQ process number, even removal of HARQ was proposed by some companies and finally there was no conclusion. Therefore the number of associated HARQ process for MTC UEs should remain open for discussion in MTC WI. Besides, it should be noted that this WI is intended to support the coverage deficit and also regular coverage MTC devices. If repetition/TTI bundling is adopted to enhance the coverage, HARQ timing as well as HARQ process number will be impacted. 

Proposal 2: While the total number of soft channel bits is naturally tied to the UE category, the accurate value requires further study.
· 1 Rx antenna 
As specified by [1], the new UE category supports one Rx antenna.. Current RAN4 specifications assume a dual receive RF chain UE implementation and define corresponding receiver characteristics, performance requirement, etc. If the new UE category allowing 1 Rx antenna is introduced, additional work in RAN4 to define the suited requirement, is required. 
In addition, , all the previous MTC SI analysis was based on 2 Rx antennas assumption. If the new UE category with 1 Rx antenna is defined, the real coverage deficit is larger than the WI target, when referenced to the SI analysis. The eNB should know the additional coverage loss in order to compensate and achieve an adequate DL coverage target. 
Hence, based on above analysis, the aspect of “1 Rx antenna” will require additional RAN4 study. This kind of feature could be indicated in a UE capability. 
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
Based on the WID description, only restricting reduced BW to data channel in baseband can be interpreted as limitation of allocated RBs to data channel, which is actually option DL-1 in section 6.2.1 in TR36.888. However currently it is not clear whether the frequency location of the reduced BW is semi-statically configured or statically predefined or dynamically changed using DCI grants. This kind of issue is discussed in another contribution [4].
· Maximum number of bits of a MCH transport block received within a TTI: The aspect relates to MBMS capability of one UE. Whether support MBMS capability is still FFS for the new UE category.
Based on above analysis, for defining a new UE category to support MTC operation, following table gives the new UE category containing some parameters, e.g., maximum number of transport block bits received/transmitted within a TTI, supported layer number, etc. While some other parameters need further careful discussion, e.g., total number of soft channel bits, 1 Rx antenna, reduced BW, etc.
Table1 UE categories containing the new UE category
	UE Category
	DL
	UL

	
	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
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	10296
	10296
	250368
	1
	5160
	No

	Category 2
	51024
	51024
	1237248
	2
	25456
	No

	Category 3
	102048
	75376
	1237248
	2
	51024
	No

	Category 4
	150752
	75376
	1827072
	2
	51024
	No

	Category 5
	299552
	149776
	3667200
	4
	75376
	Yes

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	51024
	No

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	51024
	No

	Category 8
	2998560
	299856
	35982720
	8
	149776
	Yes

	Category X
	1000
	1000
	TBD
	1
	1000
	No


3. Conclusions

In this contribution, we provide an initial analysis on the new UE category definition. First the general principles of defining the new UE category are discussed, after which some parameters are analyzed. The following proposals are developed:

Proposal 1: General principles to define the new UE category should be considered firstly, which references the UE categories definition in Rel-8/10 as a starting point. 
Proposal 2: While the total number of soft channel bits is naturally tied to the UE category, the accurate value requires further study.
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