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1. Introduction

According to the discussion in RAN5#55, a remaining open action should be done to investigate if Notes 3 in table 6.5.2B.1.4.1-1 of [1] is redundant with respect to UE category 1 and align  UE category numbers for all test cases for UL multiple antennas LTE test cases. Here, we firstly analyze the principles for Notes 3 being in the original table 6.5.2.1.4.1-1 and then give the correct style when aligned with UL MIMO cases. And finally our proposals and conclusions are proposed for the research point.
2. Discussion on UE categories for UL MIMO
Based on the definition of UE categories in [1], we can obtain the maximum number of UL-SCH transport block bits transmitted within a TTI as shown in table 4.1-1 in the same specification. Strictly speaking, the maximum number of UL-SCH transport block bits is only the number of information bits not considering cyclic redundancy check (CRC) bits. And then the information bits will be input into the channel coding module and the number of output coded bits is 3x if the number of input bits is x without considering bits punching. Hence, the maximum number of UL-SCH transport block bits transmitted within a TTI from physical layer point of view can be obtained as shown in table 1.
On the other hand, we can also analyze the maximum transport capability for each reference measurement channel (RMC) as shown in table 6.5.2B.1.4.1-1[2] and examples can make this more clearly. Firstly, we set the parameters as follows: Bandwidth is 10MHz, modulation scheme is 16 QAM and the number of resource block allocation is 50. And each slot carries 7 SC-FDMA symbols in case of normal cyclic prefix configuration and SC-FDMA symbol number 3 carries the reference signal for channel demodulation [3]. Then, the maximum number of UL-SCH transport block bits transmitted within a TTI from the physical layer point of view can be calculated as (here without considering SRS and PRACH):
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When the bandwidth is 15MHz, modulation scheme is 16QAM and the number of resource block allocation is 75, the maximum number of UL-SCH transport block bits transmitted within a TTI from the physical layer point of view can be calculated as:
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Similarly, when the bandwidth is 20MHz , modulation scheme is 16QAM and the number of resource block allocation is 100, the maximum number of UL-SCH transport block bits transmitted within a TTI from the physical layer point of view can be calculated as:
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Considering the maximum number of UL-SCH transport block bits transmitted within a TTI, we can obtain the maximum coded bits from PHY point of view shown in table 1 when target code rates are 3/4, 1/2, 1/3 for bandwidth 10MHz, 15MHz and 20MHz with full PRB allocation, respectively. From table 1, we can obtain the below inequations for UE category 1:
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For UE categories 2~8 and bandwidth 10MHz:

[image: image7.wmf]bits

 

28800

bits

 

3

/

4

25456

>

´



[image: image8.wmf]bits

 

28800

bits

 

3

/

4

51024

>

´



[image: image9.wmf]bits

 

28800

bits

 

3

/

4

75376

>

´



[image: image10.wmf]bits

 

28800

bits

 

3

/

4

102048

>

´



[image: image11.wmf]bits

 

28800

bits

 

3

/

4

1497760

>

´


For UE categories 2~8 and bandwidth 15MHz:
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And for UE categories 2~8 and bandwidth 20MHz:
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So, we can derive the conclusions that all UE categories can meet the PHY layer data rate when full PRB is allocated and the modulation scheme is 16QAM except for UE category 1. For UL-MIMO scenario, only Release 10 UE categories 6~8 can support this feature but UE categories 1~5 can’t support this feature because they are only Release 8 and 9 UEs. If there are two layers in UL-MIMO and the RMC configuration is the same as table 6.5.2B.1.4.1-1, the maximum number of UL-SCH transport block bits transmitted within a TTI from the physical layer point of view for bandwidth 10MHz, 15MHz and 20MHz, respectively, can be written as: 
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For UE categories 6~8, we can obtain the below inequations:

When bandwidth is 10MHz and modulation is 16QAM
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When bandwidth is 15MHz and modulation is 16QAM
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When bandwidth is 20MHz and modulation is 16QAM
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Therefore, based on the above analysis for UL-MIMO, we can draw the conclusions that when UL-MIMO is configured the UE categories 6~8 can support the data rate of the configured RMC and notes 3 in table 6.5.2B.1.4.1-1 is redundant.

Proposal: notes 3 in table 6.5.2B.1.4.1-1 is redundant and should be deleted in UL MIMO configuration cases 

Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category[1]
	UE 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

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


Table 1: Maximum number of coded bits supported by UE ue-Category
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of coded bits of an UL-SCH transport block transmitted within a TTI (10M full RB allocation)
	Maximum number of coded bits of an UL-SCH transport block transmitted within a TTI (15M full RB allocation)
	Maximum number of coded bits of an UL-SCH transport block transmitted within a TTI (20M full RB allocation)

	Category 1
	5160
	5160x4/3
	5160x2
	5160x3

	Category 2
	25456
	25456x4/3
	25456x2
	25456x3

	Category 3
	51024
	51024x4/3
	51024x2
	51024x3

	Category 4
	51024
	51024x4/3
	51024x2
	51024x3

	Category 5
	75376
	75376x4/3
	75376x2
	75376x3

	Category 6
	51024
	51024x4/3
	51024x2
	51024x3

	Category 7
	102048
	102048x4/3
	102048x2
	102048x3

	Category 8
	1497760
	149776x4/3
	149776x2
	149776x3


Table 6.5.2B.1.4.1-1: Test Configuration Table for PUSCH[2]
	Initial Conditions

	Test Environment

(as specified in TS 36.508 [7] subclause 4.1)
	NC

	Test Frequencies

(as specified in TS36.508 [7] subclause 4.3.1)
	See Table 6.5.1.4.1-1

	Test Channel Bandwidths

(as specified in TS 36.508 [7] subclause 4.3.1)
	See Table 6.5.1.4.1-1

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	N/A for PUSCH EVM testing
	Mod’n
	RB allocation

	
	
	
	FDD
	TDD

	1.4MHz
	
	QPSK
	6
	6

	1.4MHz
	
	QPSK
	1
	1

	1.4MHz
	
	16QAM
	6
	6

	1.4MHz
	
	16QAM
	1
	1

	3MHz
	
	QPSK
	15
	15

	3MHz
	
	QPSK
	4
	4

	3MHz
	
	16QAM
	15
	15

	3MHz
	
	16QAM
	4
	4

	5MHz
	
	QPSK
	25
	25

	5MHz
	
	QPSK
	8
	8

	5MHz
	
	16QAM
	25
	25

	5MHz
	
	16QAM
	8
	8

	10MHz
	
	QPSK
	50
	50

	10MHz
	
	QPSK
	12
	12

	10MHz
	
	16QAM
	50

(Note 3)
	50

(Note 3)

	10MHz
	
	16QAM
	12
	12

	15MHz
	
	QPSK
	75
	75

	15MHz
	
	QPSK
	16
	16

	15MHz
	
	16QAM
	75

(Note 3)
	75

(Note 3)

	15MHz
	
	16QAM
	16
	16

	20MHz
	
	QPSK
	100
	100

	20MHz
	
	QPSK
	18
	18

	20MHz
	
	16QAM
	100

(Note 3)
	100

(Note 3)

	20MHz
	
	16QAM
	18
	18

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.
Note 2:
For partial RB allocation, the RBstart shall be RB #0 and RB# (max+1 - RB allocation) of the channel bandwidth.
Note 3:
Applies only for UE-Categories [FFS].


3. Conclusions

In this contribution, we provide our views and the principles on UL-MIMO UE categories and investigate if note 3 in table 6.5.2B.1.4.1-1 is redundant with respect to UE category 1. Finally, we align category number for all test cases for UL MIMO. Based on the analysis in section 2, we have the following proposal:
Proposal: notes 3 in table 6.5.2B.1.4.1-1 is redundant and should be cancelled in UL MIMO configuration cases 
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