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1 Introduction
During RAN #62 support for new UE categories was discussed. The following aspects were concluded:

· Define DL “450Mbps class” addressing 3DL CA with total aggregated bandwidth of 60MHz (example shown in RP-131747)

· 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 Discussion

2.1 UE category and PHY parameters

According the RAN plenary decision a 450 Mbps DL class UE category should be introduced. This UE category should be paired with a corresponding UL UE category in a similar manner as UE Cat 6 and Cat 7. The straight forward solution would be to introduce two new UE categories, i.e Cat 9 and Cat 10 according to the table 4.1-1, 4.1-2 and 4.1-4.

Table 4.1-1: 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

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 4.1-2: 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


Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the fieldue-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


2.2 Operate in an backward compatible manner

In order to operate the Rel-10 UE categories 6 to 8 in a backwards compatible manner, a UE that indicates one of these UE categories needs to indicate one of the Rel-8 UE categories in addition. One of the reasons to introduce this was that a UE that indicates for example category 6 can operate in a network that is not aware that category 6 UEs exists.

The additional operational scenario that can be considered when adding Rel-11 UEs categories is the case when an eNB understands the Rel-10 UE category signalling but do not understand the Rel-11 UE category signalling. The applicable UE category to indicate for that case would be UE category 6 for UE category 9 and UE category 7 for UE category 10. In addition the UE would need also to be Rel-8 compliant so the UE would need to indicate UE category 4 as well. 

Proposal

· UE category 9 and 10, should in addition indicate UE category 6 and 7 respectively

The remaining question is then what UE category the UE should assume during different configurations. The soft buffer storing process and rate matching handling on the UE and eNB side is different based on number of configured DL carriers and transmission mode. One the UE side the softer buffer is divided by the number of configured DL carrier and on the eNB side this is not the case. We note that on the UE side we can follow the same procedure as in Rel-10. The reason is that the soft buffer size for storing will than follow as close as possible what is used for rate matching on the eNB size. 

Proposal

· A UE indicating category 9 or 10 shall assume that the indicated UE category when deriving it soft buffer size Nsoft for storing purposes
For the encoding on the eNB side it is important the UE and eNB has the same understanding of the soft buffer size. The actually encoding is however not considering the number of configured DL carriers. It do however consider the existence of category 4 UEs. Here it is then possible to reuse the Rel-10 principle. This by the eNB assuming UE category 9 and 10 soft buffer size for encoding only if the UE is configured with TM10. Further we note that Kc=3 needs to be introduced to support the category 4 rate matching size for category 9/10 UEs when they are not operated with 4 layers. For other TMs then TM 10 the eNB would assume the soft buffer sizes according to the Rel-10 specification. The resulting soft buffer/rate matching sizes are available in the appendix.

Proposal

· For the purpose of rate matching and for a UE that indicates category 9 or 10 

· If the UE is configured with TM1-8, Nsoft is defined according to Cat. 4 soft buffer size

· If the UE is configured with TM9, Nsoft is defined according to Cat. 6/7 soft buffer size

· If the UE is configured with TM10, Nsoft is defined according to Cat. 9/10 soft buffer size

· If Nsoft = 5481216 and the UE is not capable of more than 2 spatial layers for the configured DL cell
· Kc = 3

3 Conclusion
In this contribution we discuss how to introduce the new UE categories supporting 450 Mbps. These UE categories are for example applicable for 3 DL carriers when operating with larger system bandwidth on each carrier. In the Appendix we have outline the soft buffer and rate matching division based per component carrier(s) based on the above proposals in the contributions. Based on the discussion in this contribution we propose

· Agree the draft CRs [2] to [4] that reflects the proposals above

· Before finally agreeing the CR on 36.212 and 36.213, RAN1 should check so that the correct RRC IE is used

· Send the draft LS [5] to RAN2
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5 Appendix

5.1 Resulting soft buffer sizes

Table 1: eNB encodes the transport block(s) assuming the following soft buffer size per DL cell

	UE category
	Total number of soft channel bits
	eNB encodes the transport block(s) assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 1
	250368
	250368
	250368
	250368
	250368
	250368

	Cat 2
	1237248
	1237248
	1237248
	1237248
	1237248
	1237248

	Cat 3
	1237248
	1237248
	1237248
	1237248
	1237248
	1237248

	Cat 4
	1827072
	1827072
	1827072
	1827072
	1827072
	1827072

	Cat 5
	3667200
	3667200
	3667200
	3667200
	3667200
	3667200

	Cat 6,7
	3654144
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**

	Cat 8
	35982720
	7196544
	7196544
	7196544
	7196544
	7196544

	Cat 9/10
	5481216
	1827072*
3654144**
5481216***
	1827072*
3654144**
5481216***
	1827072*
3654144**
5481216***
	1827072*
3654144**
5481216***
	1827072*
3654144**
5481216***


*) Maximum of 1-2 layers is supported by the UE, **) Maximum of 4-8 layers is supported by the UE with TM9, ***) Maximum of 4-8 layers is supported by the UE with TM10

Table 2: UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell
	UE category
	Total number of soft channel bits
	UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 1
	250368
	250368
	125184
	83456
	62592
	50073

	Cat 2
	1237248
	1237248
	618624
	412416
	309312
	247449

	Cat 3
	1237248
	1237248
	618624
	412416
	309312
	247449

	Cat 4
	1827072
	1827072
	913536
	609024
	456768
	365414

	Cat 5
	3667200
	3667200
	1833600
	1222400
	916800
	733440

	Cat 6,7
	3654144
	1827072*
3654144**
	1827072
	1218048
	913536
	730828

	Cat 8
	35982720
	7196544
	7196544
	7196544
	7196544
	7196544

	Cat 9/10
	5481216
	1827072*
3654144**
5481216***
	1827072* 
2740608 ***, **
	1827072
	1370304
	1096243


*) Maximum of 1-2 layers is supported by the UE or a UE configured with TM1-8, **) Maximum of 4-8 layers is supported by the UE with TM9, ***) Maximum of 4-8 layers is supported by the UE with TM10

