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1 Introduction

In the last RAN Plenary meeting, based on [1] the following agreements were achieved for new UE categories in Rel-12:
Agreements:
Show of hands:

1. 
750/800Mbps only:


9 companies

2. 
750/800Mbps and 1 Gbps:
       20 companies
Conclusion:
noted; will go for option 2; RAN1 will decide if 750Mbps or 800Mbps and the feature 



combination to get to the category.
In addition, the CRs on DL/UL categories split [2] [3] have been agreed in last RAN2 meeting. 

In this contribution, we provide the analysis and discussion on new UE categories, including the application scenarios and the standard impacts (based on DL/UL categories split approach).
2 Discussion on scenarios and standard impacts of new UE categories
In table 1, we have listed potential feature combinations to achieve peak data rate for 750Mbps, 800Mbps and 1Gbps. It is noted that the scenarios in the table include both with and without 256QAM to achieve around 1Gbps peak data rate.
Table 1: Potential combinations for each DL peak data rate
	DL Peak data rate
	Potential combinations

	750Mbps
	Scenario 1: 1CC 8*8MIMO + 1CC 2*2MIMO; 
Scenario 2: 2CC 4*4MIMO + 1CC 2*2MIMO; 
Scenario 3:1CC 4*4MIMO + 3CC 2*2MIMO; 
Scenario 4:5CC 2*2 MIMO;

	800Mbps
	Scenario 1:1CC 8*8MIMO 256QAM; 
Scenario 2:2CC 4*4MIMO 256QAM; 
Scenario 3:1CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM; 
Scenario 4:4CC 2*2MIMO 256QAM;

	1000Mbps
	Scenario 1:1CC 8*8 MIMO 256QAM + 1CC 2*2 MIMO 256QAM; 
Scenario 2:2CC 4*4MIMO 256QAM + 1CC 2*2MIMO 256QAM; 
Scenario 3:1CC 4*4MIMO 256QAM +3CC 2*2MIMO 256QAM; 
Scenario 4:5CC 2*2MIMO 256QAM;

	1050Mbps
	Scenario 1:1CC 8*8MIMO + 1CC 4*4MIMO+1CC 2*2MIMO;
 Scenario 2:1CC 8*8MIMO + 3CC 2*2MIMO; 
Scenario 3:3CC 4*4MIMO + 1CC 2*2 MIMO; 
Scenario 4:2CC 4*4 MIMO +3CC 2*2MIMO;


From the discussions in the previous RAN plenary meetings, companies have different preferences on which feature to use to achieve higher peak data rates, i.e. some companies would like to achieve them based on higher MIMO layers, some companies prefer more CCs. 
To meet operators’ marketing requirement, it is proposed to merge the feature combinations for 750Mbps and 800Mbps into one new DL category 15. In addition, it is proposed to merge the feature combinations for 1G and 1050Mbps into one new DL category 16. Since these data rates can be achieved relying on CA and up to 4x4MIMO, which is expected to be available earlier in the market than 8x8 MIMO, it is proposed not to consider 8*8 MIMO for these new categories.
Proposal 1: Introduce DL category 15 to cover feature combinations for 750Mbps and 800Mbps, including CA and up to 4*4 MIMO; 

Proposal 2: Introduce DL category 16 to cover feature combinations for 1000Mbps and 1050Mbps, including CA and up to 4*4 MIMO; 
To determine the downlink physical layer parameter values set by the field ue-CategoryDL, we should select the maximum value among all supported feature combinations for the peak data rate, and the soft buffer size should be calculated accordingly. The parameter values in the field ue-CategoryDL for different scenarios of DL Categories 15 and 16 are provided in Table 2, while the maximum values are highlighted. Accordingly the downlink physical layer parameter values for categories 15 and 16 are selected as the maximum values from table 2 for each field, and are summarized in table 3
Proposal 3: Agree on the values of “Maximum number of DL-SCH transport block bits received within a TTI” and “Total number of soft channel bits” for DL categories 15 and 16 in table 3.

Table 2: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
	Application scenario
	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

	DL Category 15
	750Mbps

2CC 4*4MIMO + 1CC 2*2MIMO;

	749856
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)

	9084672
	4 

	
	750Mbps

1CC 4*4MIMO + 3CC 2*2MIMO;
	751808
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)

	9110016
	4

	
	750Mbps

5CC 2*2 MIMO;
	753760
	75376 (2 layers, 64QAM)

	9135360
	2 

	
	800Mbps

2CC 4*4MIMO 256QAM;
	783264
	195816 (4 layers, 256QAM)

	9486336
	4

	
	800Mbps

1CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM;
	783216
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)

	9486336
	4

	
	800Mbps

4CC 2*2MIMO 256QAM;
	783168
	97896 (2 layers, 256QAM)

	9486336
	2

	DL Category 16
	1000Mbps

2CC 4*4MIMO 256QAM + 1CC 2*2MIMO 256QAM; 

	979056
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)

	11857920
	4

	
	1000Mbps

1CC 4*4MIMO 256QAM +3CC 2*2MIMO 256QAM; 

	979008
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)

	11857920
	4

	
	1000Mbps

5CC 2*2MIMO 256QAM;
	978960
	97896 (2 layers, 256QAM)

	11857920
	2 

	
	1050Mbps

3CC 4*4MIMO + 1CC 2*2 MIMO;
	1049108
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)

	12713472
	4

	
	1050Mbps

2CC 4*4 MIMO +3CC 2*2MIMO;
	1051360
	149776 (4 layers, 64QAM)
75376 (2 layers, 64QAM)

	12738816
	4


Table 3 Downlink physical layer parameter values for categories 15 and 16
	DL 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

	DL Category 15
	783264
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9486336
	2 or 4

	DL Category 16
	1051360
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	12738816
	2 or 4


Regarding corresponding UL peak data rate for DL category 15/16, similar to what has been designed for 600Mbps, it is  preferred to support all possible UL peak data rate, i.e. 50Mbps, 75Mbps, 100Mbps and 150Mbps. 
For backward compatibility, the UE that indicates DL category 15/16 should also indicate the legacy category field as in table 4:

Table 4: Supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category 15
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 15
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 15
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 15
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;

	DL Category 16
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 16
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 16
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 16
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;


Proposal 4:  Agree on supported DL/UL Categories combinations for DL categories 15 and 16 in table 4
In addition, it is required that RAN1 send an LS to RAN2 to include the possible agreements on UE categories 15 and 16.
Proposal 5:  RAN1 sends an LS to RAN2 to indicate agreements on new UE categories.

3 Conclusions

This contribution provides the analysis and discussion on new UE categories in Rel-12, includes the application scenarios, and the standard impacts based on DL/UL categories split approach. The following are proposed:
Proposal 1: Introduce DL category 15 to cover feature combinations for 750Mbps and 800Mbps, including CA and up to 4*4 MIMO; 

Proposal 2: Introduce DL category 16 to cover feature combinations for 1000Mbps and 1050Mbps, including CA and up to 4*4 MIMO; 
Proposal 3: Agree on the values of “Maximum number of DL-SCH transport block bits received within a TTI” and “Total number of soft channel bits” for DL categories 15 and 16 in table 3.

Table 3 Downlink physical layer parameter values for categories 15 and 16
	DL 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

	DL Category 15
	783264
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9486336
	2 or 4

	DL Category 16
	1051360
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	12738816
	2 or 4


Proposal 4:  Agree on supported DL/UL Categories combinations for DL categories 15 and 16 in table 4

Table 4: Supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category 15
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 15
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 15
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 15
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;

	DL Category 16
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 16
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 16
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 16
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;


Proposal 5:  RAN1 sends an LS to RAN2 to indicate agreements on new UE categories.

The text proposals of TS 36.306 can be found in Appendix 1. The draft LS can be found in [4].
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Appendix 1 
--------------------------< Start of text proposal for TS36.306 >---------------------------

Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	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

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	DL Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	DL Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 13
	391632
	195816 (4 layers)
97896 (2 layers)
	3654144
	2 or 4

	DL Category 14
	3916560
	391656
	47431680
	8

	DL Category 15
	783264
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	9486336
	2 or4 

	DL Category 16
	1051360
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	12738816
	2 or4

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI


Table 4.1A-6: supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category 0
	UL Category 0
	N/A

	DL Category 6
	UL Category 5
	Category 6, 4

	DL Category 7
	UL Category 13
	Category 7, 4

	DL Category 9
	UL Category 5
	Category 9, 6, 4

	DL Category 10
	UL Category 13
	Category 10, 7, 4

	DL Category 11
	UL Category 5
	Category 11, 9, 6, 4

	DL Category 12
	UL Category 13
	Category 12, 10, 7, 4

	DL Category 13
	UL Category 3
	Category 6, 4

	DL Category 13
	UL Category 5
	Category 6, 4

	DL Category 13
	UL Category 7
	Category 7, 4

	DL Category 13
	UL Category 13
	Category 7, 4

	DL Category 14
	UL Category 8
	Category 8, 5

	DL Category 15
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 15
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 15
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 15
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;

	DL Category 16
	UL Category 3
	Category 11, 9, 6, 4

DL category 13 and UL category 3;

	DL Category 16
	UL Category 5
	Category 11, 9, 6, 4

DL category 13 and UL category 5;

	DL Category 16
	UL Category 7
	Category 12, 10, 7, 4

DL category 13 and UL category 7;

	DL Category 16
	UL Category 13
	Category 12, 10, 7, 4

DL category 13 and UL category 13;


--------------------------< End of text proposal for TS36.306 >---------------------------
