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1. Introduction

In RAN1#77, RAN1 discussed how to introduce UE capability/category to support 256QAM in Rel-12. There were several proposals [1][2] on whether and how to support 256QAM capability for existing UE categories while other proposals suggest introducing new UE categories for 256QAM. There was an agreement for some aspects as follows while many aspects are still to be discussed [3].
	Agreements:
· 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


In this paper, we discuss further aspects on 256QAM UE capability/category and make suggestions.
2. Mandating 256QAM capability to new UE categories
Even thought it was agreed to introduce signaling to indicate UE support for 256QAM, it seems unclear whether support of 256QAM should be mandated to some UE categories or not. In RAN1#77, it was agreed to introduce a new UE category (so called, category X) of ~4Gbps targeting 5CC and 8 layer MIMO with 256QAM. Since 4Gbps cannot be achieved without supporting 256QAM even with maximum 5 CCs and 8 layers, it is clear category X UE should signal 256QAM capability as True. On the other hand, a potential new UE category supporting lower peak rates than category X should be possible even without supporting 256QAM, for example, by supporting more number of CCs or supporting more number of layers. Considering deployment scenarios of 256QAM would be restricted to isolated small cell or other favourable radio conditions, it is not desirable to mandate 256QAM to all the high category UEs to be introduced in the future.
Observation 1: It is not desirable to mandate 256QAM capability to the new UE categories to be introduced further.

3. Support of 256QAM capability for existing UE categories
In RAN1#77, it was proposed to support 256QAM capability optionally for some existing UE categories (4, 5, 6, 7, 9 and 10), where total peak rate (defined by “Maximum number of DL-SCH transport block bits received within a TTI” in TS36.306 [4]) and peak rate per TB (defined by “Maximum number of bits of a DL-SCH transport block received within a TTI”) are increased while soft buffer size (defined by “Total number of soft channel bits”) is kept same with current value [1].
In principle, UE category in DL is defined considering two aspects, that is, supportable total peak rate and UE cost to support the total peak rate in Turbo decoding process and soft buffering. Therefore, another option to introduce 256QAM capability to the existing UE categories is not to increase the total peak rate as well as soft buffer size. Still, peak rate per TB can be increased in the existing UE categories since eNB scheduler can allocate larger TBS for 256QAM to a TB considering the limitation of total peak rate defined in the existing UE categories. Therefore, two options can be considered:
Option 1) For 256QAM capable UE with an existing category, total peak rate and peak rate per TB in the existing UE category are increased while soft buffer size is kept same as it is

Option 2) For 256QAM capable UE with an existing category, peak rate per TB in the existing UE category is increased while total peak rate and soft buffer size is kept same as they are.

In our view, option 1 is actually equivalent with introducing a new UE category since increasing total peak rate requires increasing Turbo decoding capability. Considering it has been recommended not to introduce too many UE categories to prevent managing too many types of UEs in a network, option 2 is a reasonable way for introducing 256QAM capability to existing UE categories.
Suggestion 1: Introduce 256QAM capability to the existing UE categories without increasing total peak rate and soft buffer size while peak rate per TB can be increased.

The following is an example of introducing 256QAM capability in TS36.306 to existing UE categories 4, 5, 6, 7, 8, 9 and 10 based on option 2.
	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 (64QAM)
97896 (256QAM)
	1827072
	2

	Category 5
	299552
	149776 (64QAM)
195816 (256QAM)
	3667200
	4

	Category 6
	301504
	149776 (64QAM, 4 layers)
195816 (256QAM, 4 layers)
75376 (64QAM, 2 layers)
97896 (256QAM, 2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (64QAM, 4 layers)
195816 (256QAM, 4 layers)
75376 (64QAM, 2 layers)
97896 (256QAM, 2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856 (64QAM)
391656 (256QAM)
	35982720
	8

	Category 9
	452256
	149776 (64QAM, 4 layers)
195816 (256QAM, 4 layers)
75376 (64QAM, 2 layers)
97896 (256QAM, 2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (64QAM, 4 layers)
195816 (256QAM, 4 layers)
75376 (64QAM, 2 layers)
97896 (256QAM, 2 layers)
	5481216
	2 or 4


4. Introduction of new UE categories for 256QAM
During RAN1#77, it was also discussed whether more new UE categories in addition to category X (~4Gbps category) should be introduced to support 256QAM or not. In our view, it is unclear if we need a new UE category to support middle range of peak rate, for example, between 150Mbps and 300Mbps, or between 300Mbps and 450Mbps. In the UE implementation aspect, we don’t see much benefit from allowing UE categories with finer resolution in the peak rate. However, it may be discussed further whether there is such a market demand. 
Suggestion 2: It is FFS whether to introduce more new UE categories for 256QAM in addition to the new UE category with ~4Gbps.

5. Summary and conclusions
In this contribution, we discussed the issues related to the UE capability/category to support 256QAM. The observations/suggestions can be summarized as follows.
Observation 1: It is not desirable to mandate 256QAM capability to the new UE categories to be introduced further.

Suggestion 1: Introduce 256QAM capability to the existing UE categories without increasing total peak rate and soft buffer size while peak rate per TB can be increased.

Suggestion 2: It is FFS whether to introduce more new UE categories for 256QAM in addition to the new UE category with ~4Gbps.
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