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1 Introduction

In RAN plenary meeting #72, it was proposed in [1] [2] that:
1. Introduce new DL UE categories for 1.2 Gbps and 1.6 Gbps in Rel-13

2. The new DL UE categories for 1.2 Gbps and 1.6 Gbps are paired with the existing UL UE category 3, 5, 7 and 13.

3. Ask RAN1/2 provide the corresponding CRs for RAN#73.

The RANP conclusion is that this topic will be further discussed in WGs. In this contribution, we will provide the analysis and discussion on how to introduce new UE categories to achieve peak data rate around 1.2Gbps and 1.6Gbps in Rel-13.

2 Discussion on introduction of 1.2Gbps and 1.6Gbps UE categories 
In table 1, we listed potential feature combinations to achieve peak data rate around 1.2 Gbps and 1.6 Gbps.

Table 1: Potential feature combinations for each peak data rate

	DL Peak data rate
	Deployment
	Potential combinations

	1.2Gbps
	For normal CA operation
	· 4CC 4*4MIMO;
· 1CC 4*4 MIMO 256QAM + 4CC 2*2MIMO 256QAM; 

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

· 2CC 8*8MIMO; 
· 1CC 8*8MIMO+ 2 CC 4*4MIMO; 
· 1CC 8*8MIMO + 1CC 4*4MIMO + 2CC 2*2MIMO; 
· 1CC 8*8MIMO + 4CC 2*2MIMO; 
· 1CC 8*8 MIMO 256QAM + 1CC 4*4MIMO 256QAM; 
· 1CC 8*8 MIMO 256QAM + 2CC 2*2 MIMO 256QAM;

	
	For more than 5CCs
	· 8CC 2*2 MIMO; 
· 1CC 4*4 MIMO + 6CC 2*2MIMO;

· 6CC 2*2 MIMO 256QAM;
NOTE: we did not list all possible combinations for more than 5CCs.

	1.6Gbps
	For normal CA operation
	· 4CC 4*4 MIMO 256QAM;
· 2CC 8*8MIMO 256QAM; 
· 1CC 8*8MIMO 256QAM +2CC 4*4MIMO 256QAM; 
· 1CC 8*8MIMO 256QAM + 1CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM; 
· 1CC 8*8MIMO 256QAM +4CC 2*2MIMO 256QAM;

	
	For more than 5CCs
	· 11CC 2*2 MIMO 

· 4CC 4*4 MIMO + 3CC 2*2MIMO 

· 8CC 2*2 MIMO + 2CC 2*2MIMO 256QAM;

· 8CC 2*2 MIMO 256QAM; 
NOTE: we did not list all possible combinations for more than 5CCs.


The peak data rate and required soft buffer for each scenario are summarized in Table 2. The soft buffer size calculation is based on actual requirement. 
Table 2: New DL UE categories
	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 18 (1200Mbps)
	8CC 2*2 MIMO
	1206016
	75376 (2 layers, 64QAM)

	14616576
	2 

	
	4CC 4*4MIMO;

	1198208
	149776 (4 layers, 64QAM)

	14515200
	4

	
	1CC 4*4 MIMO 256QAM + 4CC 2*2MIMO 256QAM
	1174800
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)

	14229504
	2, 4 

	
	3CC 4*4MIMO 256QAM
	1174896
	195816 (4 layers, 256QAM)

	14229504
	4

	
	2CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM
	1174848
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)

	14229504
	2, 4

	
	1CC 4*4 MIMO + 6CC 2*2MIMO
	1204064
	75376 (2 layers, 64QAM)
149776 (4 layers, 64QAM)

	14591232

	2, 4

	
	6CC 2*2 MIMO 256QAM
	1174752
	97896 (2 layers, 256QAM)

	14229504
	2

	
	2CC 8*8MIMO
	1199424
	299856 (8 layers, 64QAM)

	14525952

	8

	
	1CC 8*8MIMO+ 2 CC 4*4MIMO
	1198816
	149776 (4 layers, 64QAM)
299856 (8 layers, 64QAM)

	14520576

	4, 8

	
	1CC 8*8MIMO + 1CC 4*4MIMO + 2CC 2*2MIMO
	1200768
	75376 (2 layers, 64QAM)
149776 (4 layers, 64QAM)
299856 (8 layers, 64QAM)

	14545920
	2, 4, 8

	
	1CC 8*8MIMO + 4CC 2*2MIMO
	1202720
	75376 (2 layers, 64QAM)
299856 (8 layers, 64QAM)

	14571264
	2, 8

	
	1CC 8*8 MIMO 256QAM + 1CC 4*4MIMO 256QAM
	1174944
	195816 (4 layers, 256QAM)
391656 (8 layers, 256QAM)

	14229504
	4, 8

	
	1CC 8*8 MIMO 256QAM + 2CC 2*2 MIMO 256QAM
	1174896
	97896 (2 layers, 256QAM)
391656 (8 layers, 256QAM)

	14229504
	2, 8

	DL Category 19 (1600Mbps)
	11CC 2*2 MIMO
	1658272
	75376 (2 layers, 64QAM)

	20097792
	2

	
	4CC 4*4 MIMO + 3CC 2*2MIMO 
	1650464
	75376 (2 layers, 64QAM)
149776 (4 layers, 64QAM)

	19996416
	2, 4

	
	4CC 4*4MIMO 256QAM
	1566528
	195816 (4 layers, 256QAM)

	18972672
	4

	
	8CC 2*2 MIMO 256QAM
	1566336
	97896 (2 layers, 256QAM)

	18972672


	2 

	
	8CC 2*2 MIMO + 2CC 2*2MIMO 256QAM
	1597600
	75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)

	19359744
	2

	
	2CC 8*8MIMO 256QAM
	1566624
	391656 (8 layers, 256QAM)

	18972672


	8

	
	1CC 8*8MIMO 256QAM +2CC 4*4MIMO 256QAM
	1566576
	195816 (4 layers, 256QAM)
391656 (8 layers, 256QAM)

	18972672
	4, 8

	
	1CC 8*8MIMO 256QAM + 1CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM
	1566528
	97896 (2 layers, 256QAM)
195816 (4 layers, 256QAM)
391656 (8 layers, 256QAM)

	18972672
	2, 4, 8

	
	1CC 8*8MIMO 256QAM +4CC 2*2MIMO 256QAM
	1566480
	97896 (2 layers, 256QAM)
391656 (8 layers, 256QAM)

	18972672
	2, 8


NOTE: we did not list all possible combinations for more than 5CCs.  

The soft buffer size above is listed following the principle in legacy categories, i.e., linearly increased with the number of CCs. The exact values of the parameters for DL category 18 and 19 depend on the combinations of number of CCs, number of layers and modulation schemes. Considering that DL category 18 and 19 shall also support 8*8 MIMO deployment and they are not supposed to also indicate category 14 or 8, the corresponding soft buffer assumption for 8-layer TB size encoding shall be defined.
For easier scalability, the soft buffer assumption of 8-layer encoding shall be double of that of 4-layer encoding, e.g., for 64QAM the assumption for 8-layer shall be 7308288 which is double of that of 4-layer 3654144 and 4 times of 2-layer 1827072, and for 256QAM the assumption for 8-layer shall be 9744384 which is double of that of 4-layer 4872192 and 4 times of 2-layer 2436086. Then new UE categories in future release which may also support 8-layer transmission could fall back to these categories. 
Following this principle, the largest soft buffer of DL category 18 will be 14616576 for both 2CC 8*8MIMO case and 8CC 2*2 MIMO case. The soft buffer of DL category 19 is 19488768 for 2CC 8*8MIMO 256QAM scenario. For better forward compatibility and scalability, it is beneficial to set the total number of soft channel bits of category 19 to 19488768 even this buffer is a bit smaller than the assumed buffer for some scenarios e.g., 11CC 2*2 MIMO and 4CC 4*4 MIMO + 3CC 2*2MIMO.
Table 3: 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 18
	1174752-1206016 (Note 3)
	299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	14616576
	2, 4 or 8

	DL Category 19
	1566336 -1658272 (Note 3)
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	19488768
	2, 4 or 8


Proposal 1

· Introduce DL UE categories 18 and 19 to support DL peak data rate of 1.2Gbps and 1.6Gbps respectively
The UEs with the new categories need to indicate to the network the corresponding legacy UE categories, as shown in the table below:

Table 4.1A-6: supported DL/UL Categories combinations and maximum UE channel bandwidth set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category M1
	UL Category M1
	N/A
	1.4

	DL Category 0
	UL Category 0
	N/A
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

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

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

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

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

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

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

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

	DL Category 17
	UL Category 14
	Category 8, 5
DL Category 14 and UL Category 8
	

	DL Category 18
	UL Category 3
	Category 11, 9, 6, 4

DL Category 16, 11 and UL Category 3
	

	DL Category 18
	UL Category 5
	Category 11, 9, 6, 4

DL Category 16, 11 and UL Category 5
	

	DL Category 18
	UL Category 7
	Category 12, 10, 7, 4

DL Category 16, 12 and UL Category 7
	

	DL Category 18
	UL Category 13
	Category 12, 10, 7, 4

DL Category 16, 12 and UL Category 13
	

	DL Category 19
	UL Category 3
	Category 11, 9, 6, 4

DL Category 16, 11 and UL Category 3
	

	DL Category 19
	UL Category 5
	Category 11, 9, 6, 4

DL Category 16, 11 and UL Category 5
	

	DL Category 19
	UL Category 7
	Category 12, 10, 7, 4

DL Category 16, 12 and UL Category 7
	

	DL Category 19
	UL Category 13
	Category 12, 10, 7, 4

DL Category 16, 12 and UL Category 13
	


Proposal 2
· Reuse UL cat 3, 5, 7 and 13 for DL cat 18 and 19 as corresponding UL categories 
3 Conclusions

In this contribution, UE categories to achieve peak data rate around 1.2Gbps and 1.6Gbps in Rel-13 are discussed, and the proposals are summarized as follows. 
Proposal 1

· Introduce DL UE categories 18 and 19 to support DL peak data rate of 1.2Gbps and 1.6Gbps respectively
Proposal 2
· Reuse UL cat 3, 5, 7 and 13 for DL cat 18 and 19 as corresponding UL categories
The specification impacts on TS36.212 can be found in a companion contribution [3].
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