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1 Introduction

In RAN1 Meeting # 76bis, initial discussion was made on the UE category handling for 256 QAM. However, there is no progress for including 256QAM into UE category definition. In this contribution, we provide our views on the UE category design.
2 UE category

The latest UE categories in 3GPP 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, aims to fully explore the peak rate in LTE system. The other categories are for non-CA UEs. 

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 256 QAM requires new UE categories due to increased TBS. However, new UE category for 256 QAM means extra UE complexity. Since the essential factor in Table 1 for UE complexity is “Total number of soft channel bits”, minimum impact on existing UE categories is to only enhance 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” while leave the “Total number of soft channel bits” unchanged. Then, the eNodeB can configure 256 QAM for those existing categories,. However, low-class UE categories, e.g. Categories 1 – 2 and even Category 3, do not need to be enhanced to support 256 QAM, since the small cell enhancement is more likely to be operated in CA capable devices. 
Proposal 1: 

· Except Categories 1 /2/ 3, the existing UE categories can be enhanced to support 256 QAM.
· 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 are unchanged.
New UE categories for 256 QAM should define all the parameters. A new category aims to fully improve the peak rate and system throughput can be introduced with certain increasing of the UE complexity. By enabling 256 QAM, new category extending from category 8 can achieve the peak rate around 4 Gbps with 5 CC and 8 layers. Besides that, in practical use, one or two more categories for CA scenarios may be also defined. For example, based on UE categories 9&10 or Categories 6&7, new UE categories support 256 QAM can target at peak rates of around 400 Mbps or 600 Mbps. It may not be needed to introduce new categories extending 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 256 QAM UE categories. The values are based on the TBS design in our contribution [2].
Proposal 2: 

· A new category supporting 256 QAM aiming at ~4 Gbps peak rate can be introduced. 

· Totally no more than three new UE categories supporting 256 QAM 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 256 QAM
	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](256QAM)
	75376
[97896](256QAM)
	1237248
	2

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

	Category 5
	299552
[391632](256QAM)
	149776
[195816](256QAM)
	3667200
	4

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

75376 (2 layers)
[195816](4 layers, 256QAM)

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

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

75376 (2 layers)
[195816](4 layers, 256QAM)

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

	Category 8
	2998560
[3916560](256QAM)
	299856
[391656](256QAM)
	35982720
	8

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

75376 (2 layers)
[195816](4 layers, 256QAM)

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

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

75376 (2 layers)
[195816](4 layers, 256QAM)

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

	Category 6/7A
	[391584]
	[195816] (4 layers)
[97896] (2 layers)
	[4743168]
	2 or 4

	Category 8A
	[3916560]
	[391656]
	[47431680]
	8

	Category 9/10A
	[587376]
	[195816] (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 Categories 1 /2/ 3, the existing UE categories can be enhanced to support 256 QAM.
· 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 are unchanged.
Proposal 2: 

· A new category supporting 256 QAM aiming at ~4 Gbps peak rate can be introduced. 

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