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1 Introduction

At RAN1#62 an LS [1] was sent to RAN2 and RAN4 which outlines the general principle for the UE categories in Rel-10. There were several details in it that were left open; in this contribution we try to address those details. 
2 Discussion

In [1] the UE categories for Rel-10 are outlined according to Table 1.

Table 1: New Rel-10 UE categories

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	[Max. num. of DL-SCH 
bits 

per TB

per TTI]
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	[299552]
	[TBD]
	[3667200]
	[51024 ]
	[TBD]
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	[299552]
	[TBD]
	[TBD]
	[150752/
102048 (Up-to RAN4)]
	[TBD]
	Yes/No

(Up-to RAN4)

	Category 8
	DL [1200] Mbps / 

UL[600] Mbps
	[1200000]
	[TBD]
	[TBD]
	[600000]
	[TBD]
	Yes


Following the assumption that UE category 6/7 should have a maximum DL data rate of 300 Mbps as in [1], the Max. num. of DL-SCH TB bits per TTI for UE categories 6/7 can be derived by selecting the scenario in the appendix in [1] together with the TBS table in [2], that results in the combination of the maximum number of received bits within one TTI.  This combination would correspond to 2x2 DL MIMO on two 20 MHz cells, and the Max. num. of DL-SCH TB bits per TTI will become 301504 bits (75376(4). 

Similar for the UL, in line with the assumption in [1], UE category 6 shall support a maximum UL bit rate of 50 Mbps and UE category 7 supports a maximum UL bit rate of 150/100 Mbps. The Max. num. of UL-SCH TB bits per TTI for UE category 6/7 can be derived by selecting the scenario in the appendix in [1] together with the TBS table in [2], that results in the maximum number of transmitted bits within one TTI. For UE category 6 this combination is 1 UL layer and 20 MHz bandwidth, which gives 51024 bits. For UE category 7 the two maximum combinations are 2 UL carriers and 1 layer on 20 MHz bandwidth and 1 carrier and 2 layers on 20 MHz, which gives 150752/102048 bits (75376(2/51024(2), depending on whether or not 64QAM is supported. 

Proposal: 

· Max. num. of DL-SCH TB bits per TTI for UE categories 6/7 is 301504 bits

· Max. num. of UL-SCH TB bits per TTI for UE category 6 is 51024 and for UE category 7 it is 150752/102048 bits, depending on whether or not 64QAM is supported.

For UE category 8 the corresponding value of Max. num. of DL-SCH TB bits per TTI and Max. num. of UL-SCH TB bits per TTI should be [3000000] bits and 1497760 (149776(2(5) bits respectively, corresponding to the largest possible combination that is possible, i.e. with 5 carriers in DL with 8x8 MIMO and 5 carriers in UL with 4x4 MIMO, showing the full potential of LTE Rel-10. To determine the exact values in DL the one-layer to four-layers TBS translation table is required, this is however missing detail in [2]. The UE category 8 value in DL needs to be updated based on the design of one-layer to four-layers TBS translation table.

Proposal:

· Max. num. of DL-SCH TB bits per TTI for UE categories 8 is [3000000] bits, the exact value will be defined when the one-layer to four-layer TBS translation table has been agreed

· Max. num. of UL-SCH TB bits per TTI for UE category 8 is 1497760 bits

The columns “[Max. num. of DL-SCH bits per TB per TTI]” and “[Max. num. of UL-SCH bits per TB per TTI]” are marked within brackets in the header of Table 1. This was done to our understanding because of carrier aggregation, more precisely it was unclear if this column should be split into several columns depending on whether the UE is aggregating carriers or not. We propose to simply remove the brackets, because from UE perspective the dimensioning factor would be the total number of received bits within one TTI (“Max. num. of DL-SCH TB bits per TTI”) together with the number of soft channel bits, and the total number of transmitted bits within one TTI (“Max. num. of UL-SCH bits per TB per TTI”).

Proposal:

· Remove brackets from “[Max. num. of DL-SCH bit per TB per TTI]” and “[Max. num. of UL-SCH bits per TB per TTI]”

The Max. num. of DL-SCH bit per TB per TTI can be derived for UE categories 6 and 7 with the assumption that both these UE categories should have support for 4x4 DL MIMO over 20 MHz as in [1]. From the transport block table in section 7.1.7.2.2 in [2] for one-layer to two-layer TBS translation table the corresponding size should be 149776 bits.
For UE category 8 the assumption is that the UE category should support 8x8 MIMO and therefore the table translation table for one-layer to four-layers should be used. This table is currently not defined in [2], hence the exact value is not possible to define. An approximate value for the time being would be 300000 bits.

Proposal:

· In column “Max. num. of DL-SCH bit per TB per TTI” UE categories 6 and 7 should have 149776 bits and UE category 8 should have [300000] bits

· Exact values for UE category 8 in column “Max. num. of DL-SCH bit per TB per TTI” should be updated when the one-layer to four-layer TBS translation table have been finalized.

In Rel-8 the total number of soft channel bits for the higher UE categories was designed so that available soft channels bits would give a mother code rate of 2/3 of the maximum transport block. It would be natural to keep the same principle also for the Rel-10 design of the UE categories. In Rel-10 however some consideration needs also to be taken for the carrier domain. With the assumption that the mother code rate should be 2/3, the scenario relevant for the total number of soft channel bits is when a TB with 75376 bits is scheduled on 2 layers on two carriers. The resulting total number of soft channel bits becomes 3618048 (75376(3/2(2(2(8). The corresponding value for UE category 5 is in Rel-8 slightly larger (3667200 bits). However, as a Rel-10 category 6/7 UE may operate as a category 5 UE in a Rel-8/9 network, the UE would then need to support the slightly higher (~1.3%) number of soft channel bits in any case. 

Based on the above principle it is possible to derive an approximated value for the total number of soft channel bits for UE category 8. The total number of soft channel bits would correspond to [36000000] bits (300000(3/2(2(5(8). The UE category 8 value could be updated based on the design of one-layer to four-layers TBS translation table, if it is seen crucial to optimise the total number of soft channel bits.

Proposal:

· The total number of soft channel bits for UE categories 6/7 are 3667200 bits and for UE category 8 [36000000] bits

· The total number of soft channel bits could be revised when the design of one-layer to four-layer TBS translation table is complete.

The max. num. of UL-SCH bit per TB per TTI can be determined for UE category 6 as the maximum number of received bits per TTI for the case of 20 MHz bandwidth and 1 UL layer  according to the TBS tables in [2], which results in 51024 bits. The same value can be determined for UE category 7 with the assumption that it supports 2 UL layers over 20 MHz, resulting in 75376/51024 bits (depending on whether or not the UE category supports 64QAM). The similar value for UE category 8 can be derived based on that it supports 4 UL layers over 20 MHz, which gives 149776 bits. 

Proposal:
· The max. num. of UL-SCH bit per TB per TTI is 51024 bits for UE category 6, 75376/51024 bits (depending on whether or not the UE category supports 64 QAM) for UE category 7 and 149776 bits for UE category 8.

3 Conclusion
In this contribution we discussed further details on UE categories for Rel-10, and in summary we propose the following

· Adopt the table below:

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 
bits 

per TB

per TTI
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	301504
	149776
	3667200
	51024
	51024
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	301504
	149776
	3667200
	150752/
102048 (Up-to RAN4)
	75376/51024 (Up-to RAN4)
	Yes/No

(Up-to RAN4)

	Category 8
	DL 3000 Mbps / 

UL 1500 Mbps
	[3000000]
	[300000]
	[36000000]
	1497760
	149776
	Yes


· The values within brackets should be revised when the one-layer to four-layer TBS translation table have been agreed.
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