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1
Introduction

In RAN Plenary #62, small cell enhancements work item was approved [1]. The WID stated that RAN1 should work on specifying physical layer aspects of downlink 256 QAM, while keeping the existing size of CQI feedback field and MCS indication field. A way forward presented in RAN1 #76bis proposed the following [2]: 
· 256QAM is supported in existing UE categories 3-10
· The field “Total number of soft channel bits” is not changed
· Update two fields in UE category “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” to support 256QAM peak data rate
· Use one UE capability bit to signal the new processing capabilities
· At least one new UE category with 256QAM is introduced
· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM
· FFS introduce other new UE categories with 256QAM
In this contribution, we discuss UE category issues with the introduction of downlink 256 QAM.
2
Discussion of new UE categories
List of options to handle 256 QAM in the UE category field has been discussed extensively in [3] and can be summarized into 4 options as described in Table 1.
Table 1: Available 256QAM UE category baseband adjustment options [3]. 

	256QAM Options
	Increase the Maximum number of DL-SCH transport block bits received within a TTI
	Increase the Maximum number of bits of a DL-SCH transport block received within a TTI
	Increase the Total number of soft channel bits

	Option 1
	No
	No
	No

	Option 2
	No
	Yes
	No

	Option 3
	Yes
	Yes
	No

	Option 4
	Yes
	Yes
	Yes


All the proposals made in RAN1 #76bis can be classified into options described above.

2.1 Changes to existing UE categories
The support of 256 QAM is most likely for the high end UE categories and we do not anticipate large need for support of 256QAM in the lower existing UE categories 1~4. Although the support of 256QAM may be possible is those UE categories, our preference is keep the maximum TB bits within a TTI, maximum single TB bit within a TTI, number of soft channel bits the same for UE categories 1 ~ 4, which is essentially option 1 from Table 1.
For UE categories 5 ~ 10, we prefer not to change the maximum number of TBS bits within a TTI as this value is the absolute maximum supported data rate that defines a UE category. Existing definition of the UE category allowed meeting the maximum supported data rate with various numbers of supported CCs and MIMO layers. Creating new maximum data rate for each existing UE category is equivalent to adding new UE categories and may result in larger fragmentation of the deployed UE categories in the market. Furthermore, some of the increased data rates can be fairly close to existing maximum data rates and can be questionable to support such maximum data rates. For example, optimizing UE category 6 for 256 QAM results in approximately 450Mbps maximum data rate, which is fairly close to the current UE category 9, which is at approximately 400Mbps.

To allow benefits of supporting higher spectral efficiencies with 256 QAM in existing UE categories, increasing the maximum number of single TB bits within a TTI seems to be a good comprise, i.e. option 2.
Our preference can be expressed into following proposals:

Proposal 1: No changes to “Maximum number of DL-SCH transport block bits received within a TTI” for UE category 1 ~ 10.
Proposal 2: No changes to “Total number of soft channel bits” for UE category 1 ~ 10.

Proposal 3: Update “Maximum number of bits of a DL-SCH transport block received within a TTI” to support 256QAM peak data rate for single codeword transmissions for UE category 5 ~ 10.
The details of the proposed changes to the existing UE categories are shown in Table 2.
Table 2. Changes to existing 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 
	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 
[195816] (256 QAM)
	3667200 
	4 

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

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

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

	Category 9
	452256


	149776 (4 layers) 
[195816] (4 layers, 256 QAM)
75376 (2 layers) 
[97896] (2 layers, 256 QAM)
	5481216
	2 or 4

	Category 10
	452256


	149776 (4 layers) 
[195816] (4 layers, 256 QAM)
75376 (2 layers) 
[97896] (2 layers, 256 QAM)
	5481216
	2 or 4


2.2 New UE categories optimized for 256QAM
In order to exploit the increased maximum data rates available with 256QAM, introduction of new UE categories is needed. The proposed target UE category to optimize is the highest UE categories available now, which is UE Category 8 and 10 (5-CC and 3 DL-CC with 2 UL-CC). Other new UE categories based on lower UE categories, such as 4~9 should not be precluded in the future and should be specified based on market needs.
Proposal 4: Define new UE Category based on UE Category 8 and 10 that meet the ~4Gbps and ~600Mbps spectral efficiencies provided by 256 QAM.
The details of the proposed UE categories are shown in Table 2.

Table 3. New 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 
	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 11
	[587424]
	[195816] (4 layers) 

[97896] (2 layers)  
	[7114752]
	2 or 4 

	Category 12 
	[3916560]
	[391656]
	[46998720]
	8 


2.3 Band Specific 256QAM support

256QAM requires quite well optimized design for each frequency band. Frequency bands have different characteristics making difficulty of implementation vary quite a lot between bands. Furthermore, most likely 256QAM will not be used in all frequencies. Thus our preference is to define band-specific 256QAM support capability. 
Proposal 5: 256 QAM shall be a band-specific capability.
3
Conclusions

In this contribution, we discuss UE category issues with the introduction of downlink 256 QAM. The following is our proposals:
Proposal 1: No changes to “Maximum number of DL-SCH transport block bits received within a TTI” for UE category 1 ~ 10.

Proposal 2: No changes to “Total number of soft channel bits” for UE category 1 ~ 10.

Proposal 3: Update “Maximum number of bits of a DL-SCH transport block received within a TTI” to support 256QAM peak data rate for single codeword transmissions for UE category 5 ~ 10.
Proposal 4: Define new UE Category based on UE Category 8 and 10 that meet the ~4Gbps and ~600Mbps spectral efficiencies provided by support of 256 QAM.
Proposal 5: 256 QAM shall be a band-specific capability.
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