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1. Introduction
Proposals [1][2] on adding 256QAM to Rel-10 UE Categories have been introduced.  The proposal in [1] would reduce 256QAM performance to be no better than 64QAM.  In this contribution we give our views on this topic.  
2. Discussion
Firstly, we note that 256QAM to Rel-10 UE Categories has been already introduced [3][4].  Parts of the decision is repeated from [4] below: 
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With the above decision in RAN1 and with subsequent decisions by the Plenary, the addition of 256QAM to Rel-10 Categories were accomplished as follows: 
	UE Category 6 + 256QAM  =  DL Category 13 + UL Category 3

	UE Category 7 + 256QAM  =  DL Category 13 + UL Category 7

	UE Category 8 + 256QAM  =  DL Category 14 + UL Category 8

	UE Category 9 + 256QAM  =  UE Category 11

	UE Category 10 + 256QAM  =  UE Category 12


The recommended implementation of introduction of 256QAM to Rel-10 categories from [4] is repeated below with added highlights. 
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Based on the above, the addition of 256QAM to Categories 6/7/9/10 has already been accomplished. There is no compelling reason to repeat the same in a different way. 
2.1
Discussion of the applicable scenarios
In [1], the following scenarios were described as motivations for adding new 256QAM capability signalling. 
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We do not agree with the description of Case 2b. An eNB that does not support 256QAM should still understand DL Category 13, therefore the achievable data rate should be 400Mbps instead of 300Mbps. In our view, it is bad practice and creates bad precedent if new changes are introduced instead of relying on eNBs implementing the existing Categories via simple software upgrade.  

2.2
Compromise proposal

In [7], the following alternative solution (Alt.3) was proposed: 

· For a Rel-12 UE supporting all UE radio access capability parameters for both Cat.9/10 and Cat.13,
· The UE can report both Cat.9/10 and Cat.13
· The eNB shall understand that the UE supports all UE radio access capability parameters of both Cat.9/10 and Cat.13 (i.e. union of capability parameters)
We do not believe that a ‘union of capability parameters’ is a specification compliant term and it would be best avoid using it. Instead, the following modified alternative may be an acceptable compromise: 

· For a Rel-12 UE supporting all UE radio access capability parameters for both Cat.9/10 and Cat.13,

· The UE can report both Cat.9/10 and Cat.13

· The eNB may understand that the UE supports all UE radio access capability parameters of both Cat.9/10 and Cat.13 therefore either category can be applied individually (but not a combination of parameters of different categories)  

3. Conclusion
The proposal on [1] would reduce 256QAM performance to be no better than 64QAM.  

There is no compelling reason to overturn previous decisions. The option of adding 256QAM with reduced peak date rate (i.e. peak data rate equal to 64QAM) has been discussed before but instead, the decision was to adopt the solution given in [3][4]. 
There are already 400Mbps, 600Mbps categories supporting 256QAM, no need to add 300 Mbps and 450Mbps options.  

400Mbps DL Category 13 can already support 2 CC CA as well as 3 CC CA. 
We don’t believe there is any handover problem between Scenario 1 to Scenario 2. We believe that it is an invalid assumption that deployments cannot understand categories introduced in the Rel-12 timeframe but they could understand the new changes/categories proposed to be introduced in the Rel-13 timeframe. 

As a compromise based on [7], the following may be agreed: 
· The UE can report both Cat.9/10 and Cat.13

· The eNB may understand that the UE supports all UE radio access capability parameters of both Cat.9/10 and Cat.13 therefore either category can be applied individually (but not a combination of parameters of different categories)  
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5. ANNEX
A summary of the currently defined categories are defined in Tables 1 and 2 below.

Table 1: Downlink physical layer parameter values set by the field ue-Category
	UE 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
	Examples
“Approx. Throughput”

{Total aggregated BW + # of MIMO layers + x-QAM}

	Category 1
	10296
	10296
	250368
	1
	

	Category 2
	51024
	51024
	1237248
	2
	

	Category 3
	102048
	75376
	1237248
	2
	

	Category 4
	150752
	75376
	1827072
	2
	

	Category 5
	299552
	149776
	3667200
	4
	

	Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	“300Mbps”

· 20MHz + 4 layer MIMO + 64QAM

· 40MHz + 2 layer MIMO + 64QAM


	Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	“300Mbps”

· 20MHz + 4 layer MIMO + 64QAM

· 40MHz + 2 layer MIMO + 64QAM


	Category 8
	2998560
	299856
	35982720
	8
	“3Gbps”

· 100MHz + 8 layer MIMO + 64QAM


	Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	“450Mbps”

· 60MHz + 2 layer MIMO + 64QAM
· 30MHz + 4 layer MIMO + 64QAM



	Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	“450Mbps”

· 60MHz + 2 layer MIMO + 64QAM
· 30MHz + 4 layer MIMO + 64QAM



	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	“600Mbps”
· 40MHz + 4 layer MIMO + 64QAM

· 30MHz + 4 layer MIMO + 256QAM
· 80MHz + 2 layer MIMO + 64QAM
· 60MHz + 2 layer MIMO + 256QAM


	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	“600Mbps”
· 40MHz + 4 layer MIMO + 64QAM

· 30MHz + 4 layer MIMO + 256QAM
· 80MHz + 2 layer MIMO + 64QAM
· 60MHz + 2 layer MIMO + 256QAM



Table 2: 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
	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
	Examples
“Approx. Throughput”

{Total aggregated BW + # of MIMO layers + x-QAM}

	DL Category 0
	1000
	1000
	25344
	1
	

	DL Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	

	DL Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	“450Mbps”

· 60MHz + 2 layer MIMO + 64QAM

· 30MHz + 4 layer MIMO + 64QAM


	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	“450Mbps”

· 60MHz + 2 layer MIMO + 64QAM
· 30MHz + 4 layer MIMO + 64QAM



	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	“600Mbps”
· 40MHz + 4 layer MIMO + 64QAM

· 30MHz + 4 layer MIMO + 256QAM
· 80MHz + 2 layer MIMO + 64QAM
· 60MHz + 2 layer MIMO + 256QAM


	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	“600Mbps”
· 40MHz + 4 layer MIMO + 64QAM

· 30MHz + 4 layer MIMO + 256QAM
· 80MHz + 2 layer MIMO + 64QAM
· 60MHz + 2 layer MIMO + 256QAM


	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	“400Mbps”

· 20MHz + 4 layer MIMO + 256QAM

· 40MHz + 2 layer MIMO + 256QAM


	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8
	“4Gbps”

· 100MHz + 8 layer MIMO + 256QAM



	DL Category 15
	749856-798800
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9744384
	2 or 4
	“800Mbps”

· 40MHz + 4 layer MIMO + 256QAM
· 80MHz + 2 layer MIMO + 256QAM
“750Mbps”

· 50MHz + 4 layer MIMO + 64QAM
· 100MHz + 2 layer MIMO + 64QAM

· {60MHz + 2 layer MIMO + 256QAM} + {20MHz + 2 layer MIMO + 64QAM}

· {30MHz + 4 layer MIMO + 256QAM} + {20MHz + 2 layer MIMO + 64QAM}



	DL Category 16
	978960 -1051360
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	12789504
	2 or 4
	“1Gbps”

· 50MHz + 4 layer MIMO + 256QAM
· 100MHz + 2 layer MIMO + 256QAM

· {40MHz + 4 layer MIMO + 256QAM} + {20MHz + 2 layer MIMO + 256QAM}
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UE categories 6, 7 can indicate support for 256QAM


The field “Total number of soft channel bits” is not changed


Update two fields in UE category “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI”  to support 256QAM peak data rate


No RAN1 specification impact


Introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, it will be approximately 600 Mbps


New UE categories will have an optional support of 256QAM


[…]





Cat 8 + 256QAM later renamed as DL Cat 14 + UL Cat 8





Cat 10 + 256QAM





Cat 9 + 256QAM





Cat 7 + 256QAM later renamed as DL Cat 13 +    UL Cat 7





Cat 6 + 256QAM later renamed as DL Cat 13 +    UL Cat 3





For example, according to the current specification, if an UE has the baseband processing capability designed for 450Mbps and supports the features of 3CCs, 2x2 MIMO and 256QAM, the UE will have to choose to report either UE Cat-9/10 (450Mbps) or UE DL Cat-13 (400Mbps) without knowing the network capabilities. 


Scenario 1: The deployment scenario is 2CCs + 2x2 MIMO + 256QAM (400Mbps), there are two cases:


Case 1a: If UE reports UE Cat-9/10, the achievable data rate will be 300Mbps since the current Cat-9/10 cannot support 256QAM.


Case 1b: If UE reports UE DL Cat-13, the achievable data rate will be 400Mbps according to the achievable data rate for DL Cat-13.


Scenario 2: The deployment scenario is 3CCs + 2x2 MIMO + 64QAM (450Mbps), there are two cases:


Case 2a: If UE reports UE Cat-9/10, the achievable data rate will be 450Mbps.


Case 2b: If UE reports UE DL Cat-13, the achievable data rate will be 300Mbps since the network does not support 256QAM. 
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