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One of the remaining issues for eMTC after the RAN1 #83 meeting is whether to introduce a new UE category or new UE capability for eMTC UEs. In this contribution, we give our considerations on the introduction of UE capability for Rel-13 eMTC and a resolution for the “LC/CE” (low complexity / coverage enhancement) placeholder currently used in the RAN1 specification drafts.
Capability or Category 
The Rel-13 eMTC UE supports coverage enhancement and the low complexity technique of bandwidth reduction. The techniques of bandwidth reduction and coverage enhancement were investigated and discussed in Rel-12, and the standardization work on these two features were delayed to Rel-13 due to limited time in Rel-12. Therefore, the Rel-13 eMTC standardization work on bandwidth reduction and coverage enhancement was actually to complete the remaining work on Rel-12 MTC. From this point of view, bandwidth reduction and coverage enhancement can be regarded as newly added capabilities on top of Rel-12 Category 0 UEs.
In addition, both Rel-13 eMTC UEs and normal UEs operating MTC traffic can support coverage enhancement, so the feature of coverage enhancement should not be coupled to a certain UE category. That is, the feature of coverage enhancement should be considered as a capability for low complexity UEs and normal UEs operating MTC traffic. Low complexity UEs or normal UEs can report the capability of coverage enhancement[footnoteRef:1] via capability reporting.  [1:  Note that here by coverage enhancement we refer to the “modeB” large coverage enhancement targeted by the WI. The small “modeA” coverage compensation is primarily intended to allow the LC UE to make up for lost coverage from cost/complexity reduction features such as one receive antenna and reduced bandwidth. The assumption in this paper is that LC and “modeA” are therefore tied to each other (no LC without modeA) and that other UE that mimic CE do so with modeB. A capability for small CE corresponding to modeA could also be introduced if desired.] 

It is the reduced UE bandwidth that mainly contributes to the complexity reduction. In R13 eMTC this has been the basic technique that is associated with almost all related physical procedure changes. RAN1 has defined a narrowband in the specification which is applicable to both LC and regular UEs operating MTC. Then the design of repetition of physical channels in time and frequency hopping patterns can be unified based on the same “bandwidth” restriction. Within each narrowband, the M-PDCCH ECCE mapping, search space design and dynamic scheduling schemes are also unified between LC and regular UEs. From technical perspective, it is beneficial to specify the reduced UE bandwidth also as an operation, i.e. a capability of whether the UE supports BW reduction.
In addition, introducing a new UE category for Rel-13 eMTC UEs may not alleviate the editors’ work. At the end of RAN1#83, it was proposed to let RAN2 finalize the UE category/capability discussion, but RAN1 decided that it should be discussed in RAN1 as per the usual procedure, and 36.212 was agreed with the condition that LC/CE is a placeholder to be revisited in RAN1#84. The “LC/CE” UE means a UE supports the capability of low complexity techniques and/or coverage enhancement. As a result, even if no new UE category is defined for Rel-13 eMTC UE, there is no ambiguity in the descriptions about UE’s capability of bandwidth reduction and coverage enhancement.
Proposal 1: Bandwidth reduction and coverage enhancement can be regarded as newly added capabilities on top of Rel-12 Category 0 UEs.
There may be concern on how to finalize the term of narrowband operation for LC/CE UEs and the corresponding specification work in TS36.306. In the current specifications of TS36.211, TS36.212 and TS36.213, the placeholder term of LC/CE UE is widely used. To replace all of them by the definition of UE category or capability signalling will significantly complicate the specification text. In this sense to provide the definition at the beginning of each specification could be a cleaner way. This text must cover:
· UE category 0 with the reduced bandwidth capability, with and without coverage enhancement
· Other UE categories “mimic’ing” the coverage enhancement of UE category 0 with reduced bandwidth capability
· All UEs with enhanced coverage capability that enter the system in a coverage hole and require coverage enhancement before they can communicate their capability
Example text proposals are provided below.
Conclusions 
In this contribution, we give our considerations on the introduction of UE capability for Rel-13 eMTC and provide our text proposals as examples of specification change:
Proposal 1: Bandwidth reduction and coverage enhancement can be regarded as newly added capabilities on top of Rel-12 Category 0 UEs.

Text Proposal to TS36.306 as an example related to UE categoryUL
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Start of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
(Note 4)
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	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

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 6
	301504
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)
	3654144
	2 or 4



…

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8

	NOTE 1:	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.
NOTE 2:	Within one TTI, a UE indicating category 0 and not indicating UE bandwidth reduction shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI. 
NOTE 3: 	The UE indicating category x shall reach the value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of category x. The UE shall determine the required value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme).
NOTE 4: 	Within one TTI, a UE indicating UE bandwidth reduction shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI /RA-RNTI and is not required to be able to simultaneously receive more than one transport block.




~~~~~~~~~~~~~~~~~~~~~~~~~~~~ End of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Text Proposal to TS36.306 related to UE capability of bandwidth reduction
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Start of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[bookmark: _Toc440033033]4.3.5.19			skipFallbackCombinations-r13
This field defines whether the UE supports receiving reception of skipFallbackCombinations that requests UE to exclude fallback band combinations from capability signalling.
4.3.5.20			bandwidthReduction-r13
This field defines whether the UE supports the operation with reduced UE bandwidth of 6 consecutive resource blocks.
4.3.5.21		coverageEnhancement-r13
This field defines whether the UE supports operation with coverage enhancement.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ End of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Text Proposal to TS36.211 as an example related to the definition of LC/CE UEs
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Start of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[bookmark: _Toc439749856][bookmark: _Toc414281174]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
…
 [10]	3GPP TS 36.304, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode”
 [11]	3GPP TS 36.306, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio access capabilities”
…
3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
…
VRB	Virtual Resource Block
LC/CE (Note)	Low-complexity or coverage enhancement

NOTE:	A LC UE is a category 0 UE that indicates the capability of support of bandwidthReduction as defined in [11]. A CE UE denotes a UE that indicates the capability of coverageEnhancement as defined in [11]. A LC/CE UE may also be another UE category that indicates the capability to support bandwidth reduction and also is configured with CEModeA or CEModeB. A LC/CE UE also refers to a UE that indicates via PRACH it requires CE before it signals its capability

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ End of TP ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

