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1 Introduction

As shown in the appendix, a series of working assumptions and agreements have been made with regard to max TB size, and other properties related to UE category / UE capabilities.
In this contribution we discuss remaining issues of max TBS, soft buffer size, and other properties related to UE category / UE capabilities.
2 Discussion
2.1 Downlink physical layer parameter values set by the field ue-CategoryDL
TS 36.306, Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
	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 M1 (Note 1A)
	1000
	1000
	25344
	1

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	…
	…
	…
	…
	…

	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 1A:
Within one TTI, a UE indicating category M1 shall be able to receive up to 1000 bits for a single transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI. 
NOTE 2:
Within one TTI, a UE indicating category 0 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.




As shown above, a new “DL Category M1” is defined for Rel-13 LC/CE UE. Here the naming “M1” can be mapped to “-1” (minus 1) for specifications where numerical values of UE category is needed. For example, RAN4 and RAN5 specifications use conventions like “UE Category > 2”, “UE Category <= 0”, etc.

For future MTC categories, for example, NB-IOT, Rel-14 MTC, etc., naming convention like “M2” “M3”, etc, can be used. They can be mapped to “-2” (minus 1),  “-3” (minus 1), etc., when numerical values of UE category names are needed in specifications.

Proposal 1 A new “DL Category M1” is introduced for Rel-13 LC UE.
Proposal 2 Maximum number of DL-SCH transport block bits received within a TTI is equal to 1000 bits.
Proposal 3 Maximum number of DL-SCH transport block bits received within a TTI is equal to 1000 bits for both unicast and broadcast.
2.2 Uplink physical layer parameter values set by the field ue-CategoryUL
TS 36.306, Table 4.1A-2: Uplink physical layer parameter values set by the field ue-CategoryUL

	UE UL 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

	UL Category M1
	1000
	1000
	No

	UL Category 0
	1000
	1000
	No

	…
	…
	…
	…


Similar to DL, a new “UL Category M1” is recommended, as shown in the table above. 
Although the TBS numbers etc are the same as “UL Category 0” in the table above, a new UL category is required, considering the many aspects of Rel-13 LC/CE UE UL requirements compared to UL Category 0.  For example, the RAN4/RAN5 RF requirements are expected to be different between UL Category M1 and UL Category 0 because of different UE power class, RF bandwidth of only 1.4MHz, and limited number of PRBs.
Proposal 4 A new “UL Category M1” is introduced for Rel-13 LC UE.
Proposal 5 Maximum number of UL-SCH transport block bits transmitted within a TTI is equal to 1000 bits.
2.3 Supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
Table 4.1A-6: supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category -M
	UL Category 0
	N/A

	DL Category 0
	UL Category 0
	N/A

	…
	…
	…


As shown above, a new combination of “DL Category M1” and “UL Category M1” need to be introduced.

There is no need to define a new UE category in Section 4.1, TS 36.306. In fact, it has been agreed that from Rel-12 onwards TS 36.306 will NEVER add any new UE category in 4.1 UE-category. From Rel-12 onwards only the specification will only add categories for UL and categories for DL.
Proposal 6 A new combination of “DL Category M1” + “UL Category M1” is introduced for Rel-13 LC UE.
2.4 Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL
TS 36.306, Table 4.1A-3: Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL

	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	DL Category M1
	UL Category M1
	20 000
	N/A

	DL Category 0
	UL Category 0
	20 000
	N/A

	…
	…
	…
	…


Our view is to define a new combination of “DL Category M1” and “UL Category M1”. 

Normally, “Total layer 2 buffer size” is RAN2 topic, and should be decided by RAN2. For Category M1 though, the TBS numbers are proposed to be the same as those of Cat 0, the number of HARQ process for no/low repetition is the same as Cat 0 as well. That is, all parameters affecting “Total layer 2 buffer sizes” are the same as those of Category 0. Hence it is reasonable to put a note to RAN2 that “Total layer 2 buffer sizes” should be 20 000 bytes, from RAN1 perspective. 
Proposal 7 Total layer 2 buffer size is 2000 bytes for Rel-13 LC UE.
2.5 Other

Other issues related to UE category is PMCH support, Half-duplex FDD operation type, and CE mode A/B support. We have the following proposals.
Proposal 8 PMCH is not supported by Rel-13 LC/CE UE.
Proposal 9 Half-duplex FDD operation type is “Type B” for Rel-13 LC/CE UE.
Proposal 10 CE mode A is mandatorily supported by Rel-13 LC UE, while CE mode B is optionally supported by Rel-13 LC UE.
3 Conclusions
In this contribution we discussed further aspects of max TBS, soft buffer size, and other properties related to UE category / UE capabilities. We have the following proposals.
Proposal 1 A new “DL Category M1” is introduced for Rel-13 LC UE.
Proposal 2 Maximum number of DL-SCH transport block bits received within a TTI is equal to 1000 bits.
Proposal 3 Maximum number of DL-SCH transport block bits received within a TTI is equal to 1000 bits for both unicast and broadcast.

Proposal 4 A new “UL Category M1” is introduced for Rel-13 LC UE.
Proposal 5 Maximum number of UL-SCH transport block bits transmitted within a TTI is equal to 1000 bits.
Proposal 6 A new combination of “DL Category M1” + “UL Category M1” is introduced for Rel-13 LC UE.
Proposal 7 Total layer 2 buffer size is 2000 bytes for Rel-13 LC UE.
Proposal 8 PMCH is not supported by Rel-13 LC/CE UE.
Proposal 9 Half-duplex FDD operation type is “Type B” for Rel-13 LC/CE UE.
Proposal 10 CE mode A is mandatorily supported by Rel-13 LC UE, while CE mode B is optionally supported by Rel-13 LC UE.
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Appendix
	RAN1#78bis working assumption (confirmed by RAN2 in LS in R2-150731/R1-151252):
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

RAN1#79 agreement:

· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

RAN1#79 agreement:

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
RAN1#80bis agreement:

· Lower modulation order (e.g., pi/2 BPSK) is not supported in Rel-13 for eMTC

RAN1#81 agreement:

· Rel-13 low complexity UE supports only QPSK and 16QAM as modulation schemes for PDSCH

RAN1#82 agreement:

· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:

· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

· FFS the case of small coverage enhancement

· Soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8
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