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1 Introduction
In RAN1#76bis, it has been agreed that there is no explicit restriction on the resource allocation size for low-complexity UEs for both broadcast and unicast transmission. With that, there is a need to specify a low-complexity UE type supporting the following capabilities:

· Single receive antenna
· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.
· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.
This contribution discusses these capabilities for the low-complexity UE.
2 Discussion
2.1 Downlink and uplink physical layer parameter values
A new UE category with reduced peak rate (1 Mbps) and reduced maximum TBS can be introduced in the relevant tables in TS 36.306 [3]. Below we use “Category X” to denote the new UE category.  
The parameters in the UE category table, TS 36.306 Table 4.1-1, are intended to cover DL-SCH other than those carrying BCCH.  For low-complexity UE, since the TB for BCCH can be higher than that of unicast traffic (2216 bits > 1000 bits), the definition of “Maximum number of bits of a DL-SCH transport block received within a TTI” needs to be updated to explicitly point this out. One way to achieve this is to put a NOTE in TS 36.306 Table 4.1-1, as shown below. 
In terms of “Total number of soft channel bits”, the calculation is based on the unicast PDSCH with max TBS of 1000 bits and 8 HARQ processes. Using max TBS = 1000 bits, the number of soft channel bits is 3168 bits per HARQ process. In aggregate the required soft buffer size should be 25344 bits for 8 HARQ processes.
Note that for half-duplex FDD (HD-FDD) UEs, the maximum number of HARQ processes for the UE is 4. Thus the “Total number of soft channel bits” for a UE operating in HD-FDD mode would actually be 12672 bits. Considering that a UE may be operating in full-duplex mode in one carrier configuration and in half-duplex mode in another carrier configuration, the “Total number of soft channel bits” is left as 25344 bits. In a given UE implementation, if the UE is only designed to operate in HD-FDD mode, the UE manufacturer can dimension the storage for “Total number of soft channel bits” to be 12672 soft bits without affecting UE performance. A reduced buffer size for soft channel bits can help to further reduce complexity of a MTC UE.
In terms of DL-SCH referenced by SI-RNTI and RA-RNTI, their TB sizes are inherently upper limited to 2216 bits. This is because their PDSCH is associated with two DCI formats:

· DCI format 1A

· For DCI format 1A, TS 36.212 defines that [image: image1.wmf]1A
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= 3. When the number of PRB is 3, the single-layer TBS table (TS 36.213, "Table 7.1.7.2.1-1: Transport block size table (dimension 27×110)”) gives the maximum TBS of 2216 bits.

· DCI format 1C

· For DCI format 1C, its TBS table (TS 36.213, “Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C”) gives the maximum TBS of 1736 bits.

For paging channel, while its transport channel is PCH, its physical channel is also defined to be a PDSCH associated with either DCI format 1A or 1C.  Thus there is no need to explicitly define the maximum TB size for data referenced by SI-RNTI, RA-RNTI, and P-RNTI.
TS 36.306 Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	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 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category X
	1000
	1000
	25344
	1

	NOTE:
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:
For Category X, “maximum number of DL-SCH transport block bits received within a TTI” and “maximum number of bits of a DL-SCH transport block received within a TTI” include neither the bits of a DL-SCH transport block scheduled with SI-RNTI or RA-RNTI nor the bits of a PCH transport block scheduled with P-RNTI in the same subframe. The maximum number of bits is 2216 in these cases.


For the uplink, the “Maximum number of UL-SCH transport block bits transmitted within a TTI” is 1000 bits, as described in the WID.
TS 36.306 Table 4.1-2: 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 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No

	Category X
	1000
	1000
	No


2.2 Maximum number of bits of a MCH transport block
TS 36.306 Table 4.1-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE. 

MCH is carried by PMCH at the physical layer. A single transmission is used for MCH (i.e. neither blind HARQ repetitions nor RLC quick repeat). A single Transport Block is used per TTI for MCH transmission. MTCH and MCCH use the RLC-UM mode. This is similar to CCCH/ BCCH/PCCH. Hence the maximum number of bits of a MCH transport block received within a TTI for the low-complexity UE category can be specified to be aligned with the maximum number of bits of a DL-SCH transport block received within a TTI, which is 2216 bits.
Note that with the max MCH TBS being 2216 bits, MCCH cannot be transmitted in cells with 15-20 MHz system bandwidth. This may be reasonable since using the whole bandwidth of a 15-20 MHz band to send such small TBs seems rather inefficient. However, if it is desired that Category X UE should be able to operate MBMS in such large system bandwidth, then it is required that MBMS-capable low-complexity UEs support MCH TBS up to 4584 bits.
TS 36.306 Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-Category for an MBMS capable UE 
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376

	Category 6
	75376

	Category 7
	75376

	Category 8
	75376

	Category 9
	75376

	Category 10
	75376

	Category X
	2216


3 Conclusions

This contribution discussed the UE capabilities for the low-complexity MTC UE category. The parameters discussed can be agreed in RAN1 and captured in the specification TS 36.306. An LS can be sent to RAN2 to provide the view of RAN1.
Proposal:

· Adopt the parameters for the low-complexity UE category as shown in the Tables.

· For low-complexity UE, explicitly exclude DL-SCH transport blocks referenced by SI-RNTI or RA-RNTI from the scope of “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI”  in TS 36.306.
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