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1. Introduction
This document discusses the need for additional UE categories between UE category 7 and UE category 8. 
2. Discussion

At RAN#61 contribution [1] proposed adding three new UE categories between UE category 7 and 8 . This topic was further discussed at RAN#62 where [2] was considered and ultimately the way forward was agreed in [3]. 

RAN plenary agreed in [3] to create a new UE category 7.1 with a DL peak data rate of 450 Mbps and the UL paired with the same processing requirements as the existing UL Cat.6 and UL Cat.7. During the February TSG meetings RAN1 and RAN2 decided to adopt two new UE categories called UE category 9 and UE Category 10 (called 7.1 in [3]). Both UE category 9 and UE category 10 have a 450 Mbps maximum peak DL data rate, the difference between the two UE categories is that UE category 9 is paired with UL UE category 6 and UE category 10 is paired with UL UE category 7. There were a couple of options discussed on how to treat UL 64 QAM, however there was no consensus on this topic. 
Contributions [4] and [5] proposed expanding the number of UE categories to address areas where the 450 Mbps approved in [3] limits the DL data rate. 
2.1  TDD DL UE Category Discussion
UE categories 9 and 10 are able to address most of the 3DL CA possibilities however they fail to address the increased peak data rates possible using combinations of 4X4 MIMO, TDD frame configurations/FDD channel bandwidths, and CA.  Table 1 shows the possible deployment combinations that warrant new UE categories.  
Table 1 TDD Peak DL Throughput for 20 MHz carrier
	Number CA Carriers 
	Number MIMO DL Chains
	Frame Config
	Special Frame config
	Transport Block Size
	DL Frames
	Special Frames
	DwPTS %
	DL Peak Data Rate (Mbps)
	DL UE Category

	2
	2
	1
	4
	75376
	4
	2
	85.7%
	172.29
	Cat 5

	2
	4
	1
	4
	75376
	4
	2
	85.7%
	344.58
	Cat 7.1

	2
	2
	2
	3
	75376
	6
	2
	78.6%
	228.28
	Cat 5

	2
	4
	2
	3
	75376
	6
	2
	78.6%
	456.56
	Cat 8

	3
	2
	1
	4
	75376
	4
	2
	85.7%
	258.43
	Cat 5

	3
	4
	1
	4
	75376
	4
	2
	85.7%
	516.86
	Cat 8

	3
	2
	2
	3
	75376
	6
	2
	78.6%
	342.42
	Cat 7.1

	3
	4
	2
	3
	75376
	6
	2
	78.6%
	684.84
	Cat 8

	4
	2
	1
	4
	75376
	4
	2
	85.7%
	344.58
	Cat 7.1

	4
	4
	1
	4
	75376
	4
	2
	85.7%
	689.15
	Cat 8

	4
	2
	2
	3
	75376
	6
	2
	78.6%
	456.56
	Cat 8

	4
	4
	2
	3
	75376
	6
	2
	78.6%
	913.13
	Cat 8


For the TDD case the next logical DL peak data rate break points are at 516 Mbps and 689 Mbps.  These are designed to support 3 carrier CA 4X4 frame configuration 1 and 4 carrier CA 4X4 frame configuration 1 respectively. A slight increase in the UE categories 9 and 10 DL peak data rate is needed to address the configurations requiring 456 Mbps.
PROPOSAL 1: Create two UE categories, one with a peak DL throughput of 516 Mbps and the other with a peak DL data rate of 689 Mbps. Both new DL categories need to be able to use UE category 6 and 7 for UL.  
2.2 UL TDD UE category Discussion

Table 2 shows that the existing UE categories are sufficient to address the needs for UL data rates using 16 QAM. The UL data rates show that the existing UL UE categories are sufficient to address current needs. Give the number of permutations it may make sense to make the UL UE category independent of the DL UE category. 
Table 2 TDD UL Peak Throughput for 20 MHz carrier using 16 QAM
	# Carriers 
	Number of Chains
	Frame Config
	Special Frame config
	Transport Block Size
	UL Frames
	Special Frames
	UPTS %
	UL Peak Data Rate (Mbps)
	UL UE Category

	1
	1
	1
	4
	32856
	4
	2
	7.1%
	13.61
	Cat 2

	1
	2
	1
	4
	32856
	4
	2
	7.1%
	27.22
	Cat 6

	1
	1
	2
	3
	32856
	2
	2
	7.1%
	7.04
	Cat 2

	1
	2
	2
	3
	32856
	2
	2
	7.1%
	14.08
	Cat 2

	2
	1
	1
	4
	32856
	4
	2
	7.1%
	27.22
	Cat 3,4,or 6

	2
	2
	1
	4
	32856
	4
	2
	7.1%
	54.45
	Cat 7

	2
	1
	2
	3
	32856
	2
	2
	7.1%
	14.08
	Cat 2

	2
	2
	2
	3
	32856
	2
	2
	7.1%
	28.16
	Cat 3,4,or 6


The introduction of next generation PA’s makes UL 64 QAM a feasible technology.   As can be seen in Table 3 there are two UE categories that enable UL 64 QAM and there is a wide disparity in capability.  The use of Category 5 limits the DL data rate for several of the options shown in Table 1 and therefor isn’t a feasible option.  Given that not all UE implementations will use the newest generation of PA’s it makes sense to have UL 64 QAM as an optional feature for UL UE categories 2, 3, 4, 6 and 7. 
Table 3 TDD UL Peak Throughput for 20 MHz carrier using 64 QAM
	Number CA Carriers 
	Number MIMO of Chains
	Frame Config
	Special Frame config
	Transport Block Size
	UL Frames
	Special Frames
	UPTS %
	UL Peak Data Rate (Mbps)
	UL UE Category

	1
	1
	1
	4
	75376
	4
	2
	7.1%
	31.23
	Cat 5

	1
	2
	1
	4
	75376
	4
	2
	7.1%
	62.45
	Cat 5

	1
	1
	2
	3
	75376
	2
	2
	7.1%
	16.15
	Cat 5

	1
	2
	2
	3
	75376
	2
	2
	7.1%
	32.30
	Cat 5

	2
	1
	1
	4
	75376
	4
	2
	7.1%
	62.45
	Cat 5

	2
	2
	1
	4
	75376
	4
	2
	7.1%
	124.91
	Cat 8

	2
	1
	2
	3
	75376
	2
	2
	7.1%
	32.30
	Cat 5

	2
	2
	2
	3
	75376
	2
	2
	7.1%
	64.61
	Cat 5


PROPOSAL 2: Add UL 64 QAM as an optional feature to UL UE categories 2, 3, 4, 6 and 7.
2.3 FDD UE category Discussion

The highlighted values in Table 4 show the channel bandwidth and MIMO combinations where the FDD DL data rate would be restricted by the UE category for 3 or 4 DL carrier CA. 


UE categories 9 and 10 address the 10 MHz 4X4 MIMO case however they fall short for the 3 component carrier 15 MHz 4X4 case and the 3 component carrier 20 MHz 4X4 case. Addressing the latter two cases require the UE to support 661 Mbps for 15 MHz channel bandwidth and 900 Mbps for 20 MHz channel bandwidth. 
Table 4 FDD Peak Data Rate Throughput for various channel Bandwidths
	
	Channel Band Width

	
	1.4
	3
	5
	10
	15
	20

	SISO DL
	4.392
	11.064
	18.336
	36.696
	55.056
	75.376

	2X2 DL
	8.760
	15.264
	36.696
	73.712
	110.136
	149.776

	4X4 DL
	17.568
	43.816
	73.712
	146.856
	220.296
	299.856

	SISO UL (16 QAM)
	1.9
	4.97
	7.99
	16.41
	24.50
	32.86


The UL 64 QAM discussion in section 2.2 equally applies to FDD so the same proposal is made here; 

PROPOSAL 2: Add UL 64 QAM as an optional feature to UL UE categories 2, 3, 4, 6 and 7
3. Conclusion

The lack of new UE categories will force chipset and operators to use category 8 devices for deployment scenarios that are currently supported in the standard or could be deployed in the near future.  For several TDD and FDD configurations the category 8 capabilities place an undue burden on UE manufacturers.  This contribution proposes two solutions to address the problem:

PROPOSAL 1: Create two UE categories, one with a peak DL throughput of 516 Mbps and the other with a peak DL data rate of 689 Mbps. Both new DL categories need to be able to use UE category 6 and 7 for UL.  
PROPOSAL 2: Add UL 64 QAM as an optional feature to UL UE categories 2, 3, 4, 6 and 7
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