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1   Introduction
In RAN plenary meeting #72, it is proposed [1] [2]:

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

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.

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.  

Based on table 2, the Downlink physical layer parameter values set by the field ue-CategoryDL for 1.2G and 1.6G is listed in table 3.
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

Which UL categories should be used in combination with the new DL categories? 

The existing UL categories are shown as below: 
	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	UL Category M1
	1000
	1000
	No

	UL Category 0
	1000
	1000
	No

	UL Category 3
	51024
	51024
	No

	UL Category 5
	75376
	75376
	Yes

	UL Category 7
	102048
	51024
	No

	UL Category 8
	1497760
	149776
	Yes

	UL Category 13
	150752
	75376
	Yes

	UL Category 14
	9585664
	149776
	Yes


In order to allow different options, for DL categories 18 and 19, UL categories 3, 5, 7 and 13 can be reused, and we do not see the immediate need to introduce new ones. In summary, we can allow the following DL/UL combinations:
	UE DL Category
	UE UL Category

	DL Category 18
	UL Category 3

	DL Category 18
	UL Category 5

	DL Category 18
	UL Category 7

	DL Category 18
	UL Category 13

	DL Category 19
	UL Category 3

	DL Category 19
	UL Category 5

	DL Category 19
	UL Category 7

	DL Category 19
	UL Category 13


Therefore we have the following proposal:

Proposal 2: reuse UL cat 3, 5, 7 and 13 for DL cat 18 and 19 as corresponding UL categories.
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: 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 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 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 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 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 and UL Category 7

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

DL Category 16. 12 and UL Category 13


Proposal 3:  agree above fallback table for cat 18 and 19;
From which release the new DL categories should be introduced? 

We noticed recently the trend to unnecessarily delay the introduction of new feature to future releases, and then the following consequence of operators asking to back-port newly introduced categories to legacy releases. This is clearly not logical and among the other issues, it causes problems to chipset implementation roadmaps, that need to be planned properly and well in advance (hardware impacts). 

Considering that clear market requirements to introduce the DL peak data rate of 1200 and 1600Mbps were already observed, in order to satisfy these requirements we propose to not delay the definition of these new categories:
Proposal 4: Introduce new UE DL categories 18 and 19 for 1200 and 1600Mbps from Rel-13.
3   Conclusion
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.
Proposal 3:  agree fallback table as below:
	UE DL Category
	UE UL Category
	UE categories

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

DL Category 15 and UL Category 3

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

DL Category 15, 11 and UL Category 5

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

DL Category 15 and UL Category 7

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

DL Category 15, 12 and UL Category 13

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

DL Category 16 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 and UL Category 7

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

DL Category 16. 12 and UL Category 13


Proposal 4: Introduce new UE DL categories 18 and 19 for 1200 and 1600Mbps from Rel-13.
Corresponding CRs are provided in [3]and [4].
4   Reference
[1] RP-161007, “New UE DL categories for 1.2 Gbps and 1.6 Gbps for Rel-13”, Huawei, Sprint, Orange, China Unicom, HTC, HiSilicon, Huawei Device 
[2] RP-161217, “Way forward on new UE categories”, NTT DOCOMO, INC., Qualcomm, Huawei, Sprint, Orange, China Unicom, Deutsche Telekom, Telecom Italia, Softbank Corp., HiSilicon, Huawei Device, [HTC]
[3] 36331_CR2318_(Rel-13)_R2-165504 - Introduction of 1.2Gbps and 1.6Gbps UE categories in Rel-13
[4] 36306_CR1346_(Rel-13)_R2-165729 - Introduction of 1.2Gbps and 1.6Gbps UE categories in Rel-13.






3GPP


