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1. Introduction
RAN agreed in the RAN#62 meeting to introduce a DL “450Mbps class” UE category addressing 3DL CA with total aggregated bandwidth of 60MHz. In this document we discuss necessary RAN1 actions based on the way forward as agreed in [1].

2. Discussion

The following way forward was agreed in RAN#62 meeting [1].

	RAN agrees to task RAN WGs (starting from RAN1) to introduce a new UE category(ies) with the following principles:

· Define DL “450Mbps class” addressing 3DL CA with total aggregated bandwidth of 60MHz (example shown in [2])

· The above DL category should be paired with UL categories with the same processing requirements as the existing UL Cat.6 and UL Cat.7

· New UE category(ies) should be defined in release-11

· RAN WGs should  further discuss

· “Physical layer parameter values”, “Total layer 2 buffer sizes“ and “Maximum number of bits of a MCH transport block received within a TTI” as defined in TS36.306

· Mechanisms to address backward compatibility
· RRC signalling


2.1. Pairing with UL category

RAN agreed that the new DL category should be paired with UL categories with the same processing requirements as the existing UL Cat.6 and UL Cat.7. This can be done by introducing two new UE categories with the same DL capability and different UL capabilities.

Proposal 1:
Introduce UE category 9 and 10 with the following principles;

· Category 9:
DL 450Mbps class paired with the UL processing requirement as defined for UL Cat. 6

· Category 10:
DL 450Mbps class paired with the UL processing requirement as defined for UL Cat. 7
2.2. Downlink physical layer parameter values

Downlink physical layer parameter values for each UE category are defined today in [3]. A set of new values should be captured in the same table for the new UE category to be defined as shown below. Table 1 shows the proposed physical layer parameter values based on [2]. 
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)
	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

	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)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4


Proposal 2:
Adopt the downlink physical layer parameter values for the new UE categories shown in Table 1 above. 

2.3. Uplink physical layer parameter values

Uplink physical layer parameter values for each UE category are defined today in [3]. Table 2 shows the proposed physical layer parameter values based on [2]. 
Table-2: Uplink physical layer parameter values set by the field ue-Category
	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

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No


Proposal 3:
Adopt the uplink physical layer parameter values for the new UE categories shown in Table 2 above. 

2.4. Maximum number of bits of a MCH transport block
We do not see a compelling reason why for the new UE category the maximum number of bits of a MCH transport block received within a TTI shall be larger than the existing maximum value defined in [3].

Table-3: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-Category for an MBMS capable UE
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376

	Category 6
	75376

	Category 7
	75376

	Category 8
	75376

	Category 9
	75376

	Category 10
	75376


Proposal 4:
Define the values for the “Maximum number of bits of a MCH transport block received within a TTI” for the new UE categories shown in Table 3 above. 
2.5. Rate matching parameters
In [4], rate matching for the PDSCH are defined.  Some modifications are proposed as shown below with change marks.
Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:
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where NIR is equal to:
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where:

If the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].

If Nsoft = 35982720, 
KC= 5, 

elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

elseif Nsoft = [5481216] and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 3

elseif Nsoft = [5481216] and the UE is capable of supporting more than two spatial layers for the DL cell, 
KC  = 1.5

else 

KC  = 1

End if.
Proposal 5:
Modify the PDSCH rate matching parameters in [4] by introducing KC  = 3 for up to two layer MIMO and KC  = 1.5 for more than two layer MIMO for the new UE categories.
2.6. Backward compatibility and fall-back mechanism

Today we have “release-8” UE categories (Cat. 1-5) and “release-10” UE categories (Cat. 6-8). In UE capability, a UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category 8 shall also indicate category 5. For backward compatibility, transmission mode configuration is used to align the UE category which the eNB and the UE should assume for physical layer operations [3].

Now that RAN agreed to introduce a new UE category in release-11, a similar backward compatibility scheme is needed. For the alignment between the eNB and the UE, we think explicit network signalling as part of radio resource configuration is cleaner solution and should be introduced starting from release-11. We therefore propose the following:
Proposal 6:
[RAN2] A UE indicating category 9 shall also indicate category 6 and category 4.

Proposal 7:
[RAN2] A UE indicating category 10 shall also indicate category 7 and category 4.

Proposal 8:
[RAN2] Introduce explicit network signalling to indicate the UE category among the signalled up to three categories that the UE shall assume.
3. Conclusion
In this document, we discussed the physical layer parameters for the new 450Mbps UE categories. The following proposals were made.  
Proposal 1:
Introduce UE category 9 and 10 with the following principles;

· Category 9:
DL 450Mbps class paired with the UL processing requirement as defined for UL Cat. 6

· Category 10:
DL 450Mbps class paired with the UL processing requirement as defined for UL Cat. 7

Proposal 2:
Adopt the downlink physical layer parameter values for the new UE categories shown in Table 1

Proposal 3:
Adopt the uplink physical layer parameter values for the new UE categories shown in Table 2

Proposal 4:
Define the following values for the “Maximum number of bits of a MCH transport block received within a TTI” for the new UE categories

· Category 9:

75376 bits

· Category 10: 

75376 bits

Proposal 5:
Modify the PDSCH rate matching parameters in TS36.212 [4] by introducing KC  = 3 for up to two layer MIMO and KC  = 1.5 for more than two layer MIMO for the new UE categories.
Proposal 6:
[RAN2] A UE indicating category 9 shall also indicate category 6 and category 4.

Proposal 7:
[RAN2] A UE indicating category 10 shall also indicate category 7 and category 4.

Proposal 8:
[RAN2] Introduce explicit network signalling to indicate the UE category among the signalled up to three categories that the UE shall assume. 
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