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1 Introduction

In RAN1 Meeting # 77, initial agreement was reached on the UE category handling for 256QAM [1]:
· Introduce signaling to indicate UE support for 256QAM 

· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4 

· One new UE category with 256QAM is introduced 

· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM 

· “Total number of soft channel bits” [47 431 680 bits] 

· FFS: Support existing UE categories or new UE category 
It is still open for more UE categories with 256QAM capabilities to make the feature been more supported among Rel-12 UEs. In this contribution, we provide our views on further design of UE category for 256QAM.
2 UE category

The existing UE categories in TS 36.306 are showed as follows. Categories 9 & 10 are introduced in Rel-12 to support 3 DL CA and meet around 450 Mbps peak rate, while Categories 6 & 7 are introduced in Rel-10 to support at most 2 CA to achieve around 300 Mbps peak rate. Category 8 is configured with at most 5 CC and 8 layers, aiming to fully explore the peak rate in LTE system. The other categories were basically introduced for single carrier. 

Table 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


Introduction of 256QAM requires new UE categories due to increased TBS. One option to design new UE categories is allowing 256QAM in the existing categories. Since the main parameter related to UE complexity is “Total number of soft channel bits”, the increase in UE complexity is small if both of the “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of DL-SCH transport block bits received within a TTI” are modified. “Total number of soft channel bits” should be left unchanged. By enhancing these two parameters, the eNodeB can configure 256QAM more frequently, within certain bandwidth, transmission layers and carriers. This will maximize benefit of 256QAM.
However, low-class UE categories, e.g. Categories 1 – 3 and possibly even Category 4 – 5, may not need to be enhanced to support 256QAM. A 256QAM UE category based on the enhanced low-class categories will not achieve more gain than an enhanced CA category by 256QAM, due to limited total bandwidth.
In addition, the UE should signal a capability bit if the 256QAM for downlink is supported. By indicating this, the UE can support higher spectral efficiency.

Proposal 1: 

· Except low-class UE categories, the existing UE categories can be enhanced to support 256QAM.
· Modify both the “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of DL-SCH transport block bits received within a TTI”
· Leave the “Total number of soft channel bits” unchanged.
· Low-class UE categories, e.g. Categories 1/2/3 and even 4/5 are unchanged.

· UE signals a capability bit to notify that if 256QAM is supported or not.
A new category aims to fully improve the peak rate and system throughput is introduced, as the conclusion of the RAN1 #77 meeting. New set of parameters are needed for this category. By enabling 256QAM, new category extending from category 8 achieves a peak rate around 4 Gbps with 5 CC and 8 layers. Besides that, two more categories for CA scenarios may also be defined. For example, based on UE categories 9&10 or Categories 6&7, new UE categories support 256QAM can target at peak rates of around 400 Mbps or 600 Mbps. It may not be needed to extend the “Total number of soft channel bits” for non-CA UE. Then, not more than 3 new categories can be attached on top of the current table, i.e., one based on Categories 9&10, one based on Categories 6&7, and the other based on Category 8.
Motivated by the above consideration, Table 2 shows an example of 256QAM UE categories. The values are based on the TBS design of Option 2 [2]. Note the modifications of cate3~5 are for illustration.
Proposal 2: 

· Totally no more than three new UE categories supporting 256QAM for CA scenarios, in which the “Total number of soft channel bits” is extended, can be introduced.

Table 2: Downlink physical layer parameter values set by the field ue-Category supporting 256QAM
	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
[133184](if 256QAM supported)
	75376
[97896]( if 256QAM supported)
	1237248
	2

	Category 4
	150752 
[195792]( if 256QAM supported)
	75376
[97896]( if 256QAM supported)
	1827072
	2

	Category 5
	299552
[387536]( if 256QAM supported)
	149776
[193768]( if 256QAM supported)
	3667200
	4

	Category 6
	301504
[391584](256QAM)
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers, 256QAM)

[97896](2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504
[391584](256QAM)
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers, 256QAM)

[97896](2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560
[3875600] (256QAM)
	299856
[387560](256QAM)
	35982720
	8

	Category 9
	452256
[587376](256QAM)
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers, 256QAM)

[97896](2 layers, 256QAM)
	5481216
	2 or 4

	Category 10
	452256
[587376](256QAM)
	149776 (4 layers)

75376 (2 layers)
[193768](4 layers, 256QAM)

[97896](2 layers, 256QAM)
	5481216
	2 or 4

	Category 6/7A
	[391584]
	[193768] (4 layers)
[97896] (2 layers)
	[4743168]
	2 or 4

	Category 8A
	[3875600]
	[387560]
	[46940160]
	8

	Category 9/10A
	[587376]
	[193768] (4 layers)
[97896] (2 layers)
	[7114752]
	2 or 4


3 Conclusions

In summary, we propose to consider supporting 256QAM for DL in UE categories as listed:

Proposal 1: 

· Except low-class UE categories, the existing UE categories can be enhanced to support 256QAM
· Modify both the “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of DL-SCH transport block bits received within a TTI”
· Leave the “Total number of soft channel bits” unchanged.
· Low-class UE categories, e.g. Categories 1/2/3 and even 4/5 are unchanged.
· UE signals a capability bit to notify that if 256QAM is supported or not.
Proposal 2: 

· Totally no more than three new UE categories supporting 256QAM for CA scenarios, in which the “Total number of soft channel bits” is extended, can be introduced.
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