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1. Introduction & Background
At RAN#62, the introduction of higher order modulation for Small-Cell Enhancement was agreed in R1-136079, which indicates [1]:

· RAN1 finds DL higher order modulation, i.e. 256QAM is beneficial in evaluated indoor sparse small cell scenarios with low mobility.
· RAN1 recommends to support DL higher order modulation, i.e. 256QAM.
In this contribution, we will discuss the modification of the existing UE categories to support 256QAM.
2. Discussion on UE categories supporting 256QAM
Existing ‘Maximum number of DL-SCH transport block bits received within a TTI’  parameter restricts the peak data rate of each  UE category by assuming 64QAM.  From the perspective of marketing effects for 256QAM, it is best to add new UE categories to address the performance enhancement of 256QAM. Nonethless, the number of UE categories would be doubled in this way. This is inconsistant with the design principle for UE category, which is to avoid market fragmentation by not introducing too many UE categories. Thus, to balance the increased number of UE categories and the marketing effect of 256QAM, it is proposed to modify some of the existing UE categories, e.g., 4-7,9,10, to support 256QAM, and add a new UE category that achieve the peak data rate of ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM.
Proposal 1 : It is proposed to modify existing UE categories 4-7,9,10, to support 256QAM, and add a new UE category that achieve the peak data rate of ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM.
By observing the Table 4.1-1 in TS36.306, we can find that the factors distinguishing different UE categories include: ‘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’，and ‘Maximum number of supported layers for spatial multiplexing in DL’. In these factors, the key one that affects the UE cost and design is the total number of soft channel bits. To reduce the cost of UEs, it is desirable to keep the total number of soft channel bits in the existing UE categories when introducing 256QAM [2]. 
Proposal 2 : Keep the total number of soft channel bits for each existing UE categories unchanged when introducing 256QAM for each existing UE category.
Without changing soft buffer sizes in the existing UE categories, the “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” can be increased to address the higher peak data rate of 256QAM. Specifically, an example is shown in Table 1. In the Table, the red marked data within the braket are suggested to be added in the Table 4.1-1 in TS36.306 to support the larger transport block size and peak data rate of the UE with 256QAM. The specific values in the braket can be further studied and modified according to the discussion of TBS of 256QAM. 
New UE capability parameters can be added in the RRC signalling to indicate whether the UE supports the higher transport block size and peak data rate or not. For R12 UEs that do not support the capability of increased TBS, 256QAM may be supported with reduced bandwidth.
The UEs that support 256QAM should be able to store larger TBS, i.e., TBS designed for 256QAM, in each transmission interval. For the initial transmission of a new data packet, the TBS designed for 256QAM can be used. If the UE fails to decode successfully, it can store only part of soft channel bits related to the original transport block, to save the buffer for the retransmission. With such method, the larger transport block size and peak data rate of the UE with 256QAM can be reflected without increase of soft channel bits.

Proposal 3 : Add a new class of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” for UE categories 4-7,9,10. The new values of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” shall be determined based on 256QAM transmission.
Proposal 4 : Introduce UE capability signalling to indicate additional values for “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” of the same UE category.

Table 1 Example of physical layer parameter values for downlink UE category with supporting of 256 QAM
	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 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
[195792]
	75376
[97896]
	1827072
	2

	Category 5
	299552
[387536]
	149776
[193768]
	3667200
	4

	Category 6
	301504
[387536]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	3654144
	2 or 4

	Category 7
	301504
[387536]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256

[581304]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	5481216
	2 or 4

	Category 10
	452256

[581304]

	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	5481216
	2 or 4

	Category A
	[3875600] 
	 [387560]
	[46507200]
	8


Note a UE indicating category A (for 256QAM, 5CCs, 8-layers) shall also indicate category 8.
3. Conclusions
In this contribution, we discussed the design of UE categories to support 256QAM. We propose that:
Proposal 1 : It is proposed to modify existing UE categories 4-7,9,10, to support 256QAM, and add a new UE category that achieve the peak data rate of ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM.
Proposal 2 : Keep the total number of soft channel bits for eachexisting UE categories unchanged when introducing 256QAM.

Proposal 3 : Add a new class of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” for UE categories 4-7,9,10. The new values of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” shall be determined based on 256QAM transmission.
Proposal 4 : Introduce UE capability signalling to indicate additional values for “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” of the same UE category.
And the proposed Table 4.1-1 in TS36.306 is as follows:
	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 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
[195792]
	75376
[97896]
	1827072
	2

	Category 5
	299552
[387536]
	149776
[193768]
	3667200
	4

	Category 6
	301504
[387536]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	3654144
	2 or 4

	Category 7
	301504
[387536]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256

[581304]
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	5481216
	2 or 4

	Category 10
	452256

[581304]

	149776 (4 layers)

75376 (2 layers)
[193768](4 layers)
[97896](2 layers)
	5481216
	2 or 4

	Category A
	[3875600] 
	 [387560]
	[46507200]
	8
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