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1 Introduction

In RAN#62, the following objective was agreed for Small Cell Enhancements work item [1]:

· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission 

In this contribution, we will provide the analysis and discussion on UE category with introduction of 256QAM.

2 Discussion on UE category to support 256QAM
From the discussions on the last RAN1 meeting, there seems to have a common understanding that the first objective of 256QAM-related UE category design is to ensure that 256QAM can be utilized in the existing UE categories, i.e. category1-10. In addition, since the key factor to impact the UE cost and design is the soft buffer size, it is desirable that the introduction of 256QAM in existing UE categories would not change the “Total number of soft channel bits” for each category.
Proposal 1
· All Existing UE categories,i.e, Category 1-10, should support 256QAM
· It also applies to the potential UE categories that may be defined in Rel-11.

· Maintain the value of  “Total number of soft channel bits” field for each category.
There are two alternatives to support 256QAM in existing categories without modification of the soft buffer size.

Alternative1: Maintain the existing UE category table in 36.306 to support 256QAM.
With this method, all the fields in the UE category table do not need to be changed. For example, for Category 4, the maximum number of bits of a DL-SCH transport block received within a TTI is 75376, however 256QAM could offer a TBS of [97896], which may cause soft buffer overflow with maximum transport block size, HARQ number and bandwidth allocation. Bandwidth limitation could be considered when 256QAM is applied, which is purely eNB implementation issue. 
Alternative 2: Increase the value of “Maximum number of DL-SCH transport block bits received within a TTI” field and “Maximum number of bits of a DL-SCH transport block received within a TTI” field to support 256QAM
With this method, the maximum transport block size and peak data rate of the UE will be increased if the UE is configured with 256QAM transmission. If the UE does not decode successfully, it can only store the same number of soft buffer bits as defined by the current “Total number of soft channel bits”/8, which means only part of the 256QAM transmission bits will be stored. This is similar to UE storage behaviour for Rel-10 multiple CC scenarios[4]. There is no limitation of the allocated bandwidth while some standard effort is needed to define the UE category table.
Another objective for 256QAM-related UE category design is that new UE categories may be introduced for different application scenarios. For example, a 600Mbps UE category was brought up in the RAN #63, which could be achieved with two options.
Proposal 2

· Introduce new UE category A to achieve 600Mbps, targeting 3DL CA + 2 layer MIMO with 256QAM and 2DL CA + (4 layer + 2 layer) MIMO with 256QAM
· It is noted that 600Mbps can also be achieved by 4DL CA + 2 layer MIMO and 2DL CA + 4 layer MIMO [6]. If it is agreed, the support of 256QAM is then the same as the two alternatives above.
The third objective for 256QAM-related UE category design is that new UE category should be introduced to support maximum achievable data rate with 256QAM, i.e. 4Gbps increased from category 8 with 64QAM.
Proposal 3
· Introduce new UE category to achieve 4Gbps, targeting 5DL CA + 8 layer MIMO with 256QAM
We show examples of these two categories in Table 1 and Table 2, with both alternatives. The exact values in the table are related to the entries of TBS table and the entries in [2] were used in the examples, 

Table 1. Downlink physical layer parameter values set by the field ue-Category with alternative 1
	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 
	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

	Category A
	[587424]
	[195816] (4 layers) 

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

	Category B 
	[3916560]
	[391656]
	[46998720]
	8 


Table 2. Downlink physical layer parameter values set by the field ue-Category with alternative 2
	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 (64QAM)
13536 (256QAM)
	10296 (64QAM)
13536 (256QAM)
	250368 
	1 

	Category 2 
	51024  (64QAM)

[66592](256QAM)
	51024  (64QAM)

[66592](256QAM)
	1237248 
	2 

	Category 3 
	102048  64QAM)

[133184](256QAM)
	75376  (64QAM)

[97896](256QAM)
	1237248 
	2 

	Category 4 
	150752  (64QAM)

[195792](256QAM)
	75376  (64QAM)

[97896](256QAM)
	1827072 
	2 

	Category 5 
	299552  64QAM)

[391632](256QAM)
	149776  (64QAM)

[195816](256QAM)
	3667200 
	4 

	Category 6 
	301504  64QAM)

[391584](256QAM)
	149776 (4 layers) (64QAM)
75376 (2 layers) (64QAM)
[195816](4 layers, 256QAM)
[97896](2 layers, 256QAM)
	3654144 
	2 or 4 

	Category 7 
	301504  (64QAM)

[391584](256QAM)
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)

[195816](4 layers, 256QAM)
[97896](2 layers, 256QAM)
	3654144 
	2 or 4 

	Category 8 
	2998560(64QAM)

[3916560](256QAM)
	299856 (64QAM)
[391656](256QAM)
	35982720 
	8 

	Category 9
	452256(64QAM)

[587376](256QAM)
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)

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

	Category 10
	452256(64QAM)

[587376](256QAM)
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)

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

	Category A
	[587424]
	[195816] (4 layers) 

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

	Category B 
	[3916560]
	[391656]
	[46998720]
	8 


When the UE reports a high UE category to eNB, it also needs to report the corresponding lower category index in case the eNB does not support the high categories.
Proposal 4:
· A UE indicating category A shall also indicate category 9/10, category 6/7 and category 4. A UE indicating category B shall also indicate category 8 and category 5.

Since the limited buffer rate matching (LBRM) [3] pattern can be different for each category, UE needs to know which LBRM pattern size is assumed at the eNB side. For support of category A2 and B, a straightforward solution, which is similar as Release 10 [4]

 REF _Ref378257683 \r \h 
 \* MERGEFORMAT [5], is described as follows:

Where KC = 3/2 is used to ensure that in 2-CC transmission, eNB assumes 300kb buffer size for each transport block (
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where:

If the UE signals ue-Category-v12xx, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v12xx, else if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v1020. Otherwise, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category.

If Nsoft = 35982720 or [46998720], 
KC= 5, 

else if Nsoft = [7114752],
if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC = 3

else

KC = 3/2
elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

else 

KC  = 1

End if.

3 Conclusions

In this contribution, UE category with introduction of 256QAM is discussed, and the proposals are summarized as follows. 
Proposal 1

· All Existing UE categories, i.e, category 1-10, should support 256QAM

· It also applies to the potential UE categories that may be defined in Rel-11.

· Maintain the value of  “Total number of soft channel bits” field for each category

Proposal 2

· Introduce new UE category A to achieve 600Mbps, targeting 3DL CA + 2 layer MIMO with 256QAM and 2DL CA + (4 layer + 2 layer) MIMO with 256QAM

· It is noted that 600Mbps can also be achieved by 4DL CA + 2 layer MIMO and 2DL CA + 4 layer MIMO [6]. If it is agreed, the support of 256QAM is then the same as the two alternatives
Proposal 3
· Introduce new UE category B to achieve 4Gbps, targeting 5DL CA + 8 layer MIMO with 256QAM
Proposal 4:

· A UE indicating category A shall also indicate category 9/10, category 6/7 and category 4. A UE indicating category B shall also indicate category 8 and category 5.

Examples of the UE category designs with two alternatives are given in table1 and 2.
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