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1 Introduction

In RAN plenary meeting #78, the proposals in [1] to introduce LTE DL UE category 21 for 1.4Gbps was endorsed:
· The following new DL category should be added.
· Cat 21: 1.4Gbps DL  

· The 1.4Gbps DL category should be defined for Rel-14. 
· The pairing with UL categories for DL Category 21 is the same as for DL Category 18.

In this contribution, we will provide the analysis on how to introduce this new UE category to achieve peak data rate around 1.4Gbps in Rel-14. And CRs for RAN2 are summarized for RAN1 review [4][5][6].
2 DL-SCH transport block bits and soft channel bits
In table 1, we listed some potential scenarios to achieve peak data rate around 1.4 Gbps.

Table 1: 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 21 (1400Mbps)
	3CC 4-layer MIMO 256QAM 
+ 
1CC 2-layer MIMO 256QAM
	1370688-1413120
	195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	16601088-17052672
	2, 4 

	
	2CC 4-layer MIMO 256QAM
+
3CC 2-layer MIMO 256QAM 

	1370640-1412256
	195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	16601088-17052672
	2, 4

	
	1CC 4-layer MIMO 256QAM
+
5CC 2-layer MIMO 256QAM
	1370592-1411392
	195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	16601088
	2, 4 

	
	4CC 4-layer MIMO 64QAM

+

1CC 2-layer MIMO 64QAM (1350Mbps)
	1348960
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	16342272
	2, 4

	
	9CC 2-layer MIMO 64QAM (1350Mbps)
	1356768
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	16443648
	2

	
	1CC 8-layer MIMO 256QAM 

+ 

1CC 4-layer MIMO 256QAM

+

1CC 2-layer MIMO 256QAM
	1370736-1388688
	391656 (8 layers, 256QAM)
195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	16601008
	2, 4, 8

	
	1CC 8-layer MIMO 64QAM

+

2CC 4-layer MIMO 64QAM

+

1CC 2-layer MIMO 64QAM (1350Mbps)
	1349568
	299856 (8 layers, 64QAM)
149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	16347648
	2, 4, 8


According to the analysis of these application scenarios, the following entry is inserted in 36.306 to introduce the LTE UE DL Category 21 [4].
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 (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 21
	1348960 - 1413120 (Note 3)
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)]

149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	17052672
	2 or 4 [or 8]


3 Layer 2 buffer sizes
Layer 2 buffer size is calculated by the methods from [2] and [3]. The results are listed in table 3. 
Table 3: Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL

	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	DL Category 21
	UL Category 3
	13 700 000
	23 500 000

	DL Category 21
	UL Category 5
	13 900 000
	23 700 000

	DL Category 21
	UL Category 7
	14 200 000
	24 000 000

	DL Category 21
	UL Category 13
	14 600 000
	24 400 000

	DL Category 21
	UL Category 15
	15 300 000
	25 200 000

	DL Category 21
	UL Category 16
	14 200 000
	24 000 000

	DL Category 21
	UL Category 18
	15 200 000
	25 000 000

	DL Category 21
	UL Category 20
	16 200 000
	26 000 000


4 DL/UL Categories combinations
The pairing with UL categories for DL Category 21 is the same as for DL Category 18. 
Table 4: supported DL/UL Categories combinations and maximum UE channel bandwidth set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category 21
	UL Category 3
	Category 11, 9, 6, 4

DL Category 16 and UL Category 3
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

	DL Category 21
	UL Category 5
	Category 11, 9, 6, 4

DL Category 16, 11 and UL Category 5
	

	DL Category 21
	UL Category 7
	Category 12, 10, 7, 4

DL Category 16 and UL Category 7
	

	DL Category 21
	UL Category 13
	Category 12, 10, 7, 4

DL Category 16, 12 and UL Category 13
	

	DL Category 21
	UL Category 15
	Category 12, 10, 7, 4

DL Category 16,12 and UL Category 13
	

	DL Category 21
	UL Category 16
	Category 11, 9, 6, 4

DL Category 11 and UL Category 5

DL Category 16 and UL Category 5

DL Category 18 and UL Category 5
	

	DL Category 21
	UL Category 18
	Category 12, 10, 7, 4

DL Category 12 and UL Category 13

DL Category 16 and UL Category 13
	

	DL Category 21
	UL Category 20
	Category 12, 10, 7, 4

DL Category 12 and UL Category 13

DL Category 16 and UL Category 13

DL Category 18 and UL Category 15
	


5 Other modifications
Modification for MCH transport block:
Table 5: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-CategoryDL for an MBMS capable UE capable of reception via MBSFN

	UE DL Category
	Maximum number of bits of a MCH transport block received within a TTI

	DL Category 21
	75376 (64QAM)
97896 (256QAM)


Modification for half-duplex FDD operation type:
Table 6: Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE

	UE DL Category
	Half-duplex FDD operation type

	DL Category 21
	Type A


Modification for DL PDCP SDU:
Table 7: Maximum values for DL PDCP SDUs per TTI

	UE Category / ue-CategoryDL
	Maximum number of PDCP SDUs per TTI

	DL Category 21
	240


6 Conclusion

We propose to technically endorse the changes above for introducing LTE UE DL Category 21 of 1.4Gbps, and send an LS to RAN2 confirming the endorsement.
Proposal: RAN1 technically endorses the RAN2 changes for introducing LTE UE DL Category 21 of 1.4Gbps from RAN1 perspective. And send LS to RAN2 with the confirmation of technical endorsement from RAN1 perspective.
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