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1. Introduction
This document discusses the need for additional UE categories between UE category 7.1 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#61 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 should be paired with the same processing requirements as the existing UL Cat.6 and UL Cat.7
While this approach addresses most of the 3DL CA possibilities it fails to address the increased peak data rates possible using combinations of 4X4 MIMO, TDD frame configurations/FDD channel bandwidths, and CA.  The table below shows the possible deployment combinations that are only possible using category 8 UE’s
TDD 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

	
	
	
	
	
	
	
	
	
	

	TDD UL Throughput for 20 MHz carrier
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	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 3

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

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

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

	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 4

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


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 category 7.1 DL peak data rate would address the configurations requiring 456 Mbps. 

	FDD DL Throughput for Single Carrier
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UE category 7.1 is designed to meet the DL peak data rate speeds using 3 carrier CA with 2X2 DL and thus limits the DL throughput when 4X4 MIMO and 3 or more 10 MHz carriers are aggregated. The highlighted values show 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. 


The same two break points work for the FDD case. For example using 3 carrier CA,  4X4 MIMO on a 10 MHz carrier would utilize the 689 Mbps UE category.    
Another option is to sue a single UE category to address the needs of TDD 4 Carrier CA 4X4 MIMO and FDD 3 carrier 4X4 MIMO on a 10 MHz channel. In this case the upper limit would be set to 689 Mbps. 

UL UE category Discussion

For the foreseeable future the current UE categories address the UL throughput needs, one area that needs to be addressed is support for UL 64 QAM. With newer PA designs it appears that UL 64 QAM will be practical in the near future. Therefore UL 64 QAM should be added as an optional feature when new UE categories are added to the specification.   
Option 1:  Create two UE categories, one with a peak DL throughput of 516 and the other with a peak DL data rate of 689 Mbps. UL 64 QAM should be added as an optional feature
Option 2: Add a single new UE category that supports DL 689 Mbps. UL 64 QAM should be added as an optional feature
2. 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 options to address this problem:

Option 1:  Create two UE categories, one with a peak DL throughput of 516 and the other with a peak DL data rate of 689 Mbps. UL 64 QAM should be added as an optional feature
Option 2:    Add a single new UE category that supports DL 689 Mbps. UL 64 QAM should be added as an optional feature
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