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1 Introduction
In RAN#62 a new UE category has been proposed that supports 450Mbps data rate in the downlink [1]. Based on the discussion the following way forward has been agreed for introduction of new UE category.

	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 [1])

· 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


In this contribution we provide our views on the issues of “450 Mbps data rate” UE categories that should be clarified in Rel-11 specifications.
2 Review of the existing UE categories

Table 1 shows the parameters of UE category defined in TS 36.306 for Rel-8/9/10. 
Table 1. Rel-8/9/10 UE category and physical layer parameters

	UE Category
	DL parameters
	UL parameters

	
	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 UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category 1
	10296
	10296
	250368
	5160
	5160

	Category 2
	51024
	51024
	1237248
	25456
	25456

	Category 3
	102048
	75376
	1237248
	51024
	51024

	Category 4
	150752
	75376
	1827072
	51024
	51024

	Category 5
	299552
	149776
	3667200
	75376
	75376

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	51024
	51024

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	102048
	51024

	Category 8
	2998560
	299856
	35982720
	1497760
	149776


Figure 1 shows the RRC signalling of UE category from a UE to an eNB. Rel-10 UE signals the UE categories to the network using ue-Category-v1020 and also indicates Category 4 or 5 depending on the signalled UE categories in ue-Category-v1020. The UE categories in ue-Category is Rel-8/9 category (Cats 1-5) and those in ue-Category-v1020 is Rel-10 category (Cats 6-8). Signalling of two UE categories is required to provide backward compatibility access of Rel-10 Cats 6-8 UEs to the Rel-8/9 network, where eNB can interpret Cats 1-5 only.
	-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {


…


ue-Category






INTEGER (1..5),


…

}

UE-EUTRA-Capability-v1020-Ies ::=
SEQUENCE {


ue-Category-v1020




INTEGER (6..8)






OPTIONAL,

…
}




Figure 1. RRC signalling of Rel-8/9 and Rel-10 UE categories
As mentioned above a Rel-10 UE can signal both the Rel-8/9 categories (Cats 1-5) and the Rel-10 categories (Cats 6-8). Since the rate matching pattern can change according to each category, the UE needs to know whether the UE should follow rate matching pattern of the Rel-8/9 category or that of the Rel-10 category. In order to address that ambiguity problem TS 36.212 defines the rule that provides the rate matching pattern in accordance to TM9/10 configurations and MIMO capability on the considered carrier in Rel-10 and beyond. Also the existing rule ensures that Rel-10 UE Cat 6/7 for CRS based TMs (TM1-8) on any component carrier will use the same rate matching pattern as legacy Rel-8/9 UE Cat 4.

	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 [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

else 

KC  = 1

End if.


Figure 2. Determination of Nsoft parameter for rate matching 
Finally TS 36.213 defines the procedure for storing the soft channel bits, where the number of stored bits is also dependent on the soft buffer size.
3 Discussion on the required changes
Physical layer parameters

Table 2 shows a proposal on the new 450 Mbps UE categories with physical layer parameters values. The proposal is similar to the one discussed in RAN#62 meeting [1], where Rel-10 UE Cats 6 and 7 are extended to Cats 9 and 10 to support 450 Mbps data rate in the downlink. The relevant uplink parameters are kept the same.
Table 2. Physical layer parameters for new UE categories

	UE Category
	DL parameters
	UL parameters

	
	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 UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category 1
	10296
	10296
	250368
	5160
	5160

	Category 2
	51024
	51024
	1237248
	25456
	25456

	Category 3
	102048
	75376
	1237248
	51024
	51024

	Category 4
	150752
	75376
	1827072
	51024
	51024

	Category 5
	299552
	149776
	3667200
	75376
	75376

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	51024
	51024

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	102048
	51024

	Category 8
	2998560
	299856
	35982720
	1497760
	149776

	Category 9
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	51024
	51024

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	102048
	51024


Note that for Rel-11 UE Cats the maximum number of bits of a MCH transport block received within a TTI (=75376) can be kept the same as for associated Rel-10 UE Cat.
Proposal:

· Adopt physical layer parameters of a new UE category as proposed in Table 2 in TS 36.306.
· For Rel-11 UE Cats the maximum number of bits of a MCH transport block received within a TTI (=75376) can be kept the same as for associated Rel-10 UE Cats.
Support of backwards compatibility
Similar to Release 10 principles, in order to support backwards compatibility, UE that signals one Rel-11 UE category (9 or 10) using ue-Category-v11xy is also required to indicate the associated Rel-10 UE categories (6 or 7) and Rel-8/9 UE categories (4). Signalling of three UE categories is required to provide backward compatibility access of Rel-11 Cats (9 and 10) UEs to the Rel-8/9/10 networks which can interpret Cats 1-8 only.
Proposal:

· The Cat 9 and 10 UE for Rel-11 must also indicate the associated Rel-10 Cat 6 and 7 for Rel-10, respectively, and also indicate the Cat 4 for Rel-8/9 to support backwards compatibility.
Rate matching for Rel-11 UE Cats
Since the UE can signal a Rel-11, Rel-10 and Rel-8/9 categories, the rule for selection of the rate matching pattern should be defined in TS 36.212 specification. More specifically, for a new Rel-11 UE category we propose to re-use the existing rate matching patterns as associated Rel-10 UE Cats on any component carrier, which can be ensured by using the following rule:
	If the UE signals ue-Category-v1020 or ue-Category-v11xy, 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 [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

else 

KC  = 1

End if.


Figure 4. Determination of Nsoft parameter for rate matching for Rel-11 UE Cats
Proposal:

· For a new Rel-11 UE Cats reuse the existing rate matching patterns as associated Rel-10 UE Cats on any component carrier. Extend the Rel-10 rule defined in TS 36.212 as proposed in Figure 4.

Procedures for storing soft channel bits
The existing UE procedures for storing soft channel bits defined in TS 36.213 should be straightforwardly extended to Rel-11 UE Cats. The corresponding change is shown in Figure 4.

	If the UE signals ue-Category-v11xy, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v11xy [11]. If the UE signals ue-Category-v1020, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category[11]. 


Figure 5. Determination of 
[image: image4.wmf]soft

N

¢

 for storing soft channel bits
Proposal:
· Reuse the existing UE procedures for storing the soft channel bits. Extend the Rel-10 rule defined in TS 36.213 as proposed in Figure 5.

4 Summary

In this contribution we provide our views on the issues of “450 Mbps data rate” UE categories that should be clarified in Rel-11 specifications. The following proposals have been made:
Proposal:

· Adopt in TS 36.306 a physical layer parameters of a new UE categories as proposed in Table 2.
· For Rel-11 UE Cats the maximum number of bits of a MCH transport block received within a TTI (=75376) can be kept the same as for associated Rel-10 UE Cat.
· A new Rel-11 Cat 9/10 UE must signal associated Rel-10 Cat 6/7 and Rel-8 Cat 4 to support backwards compatibility with Rel-10/9/8 eNBs.
· For new Rel-11 UE Cats reuse the existing rate matching patterns as associated Rel-10 UE Cats on any component carrier. Extend the Rel-10 rule defined in TS 36.212 as proposed in Figure 4.
· Reuse the existing UE procedures for storing the soft channel bits. Extend the Rel-10 rule defined in TS 36.213 as proposed in Figure 5.
· Send LS to RAN2/RAN4 to inform about the decisions.
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