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Discussion and Decision
1
Introduction
At RAN#62, the WI of Small Cell Enhancements work item was agreed with one following objective,
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission 

In this contribution, we provide the analysis on UE category adjustment with introduction of 256QAM. 
2
UE category adjustment with 256QAM
RAN1 has agreed to introduce two new UE categories as UE categories 9 and 10 [2], defining DL “450Mbps class” addressing 3DL CA with total aggregated bandwidth of 60MHz. These two new UE categories support same date rate in the downlink but different data rates in the uplink. The current LTE UE categories are listed in Table.1 below,
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

	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.


With the introduction of 256QAM, one option for the UE category adjustment is by treating 256QAM as a new dimension besides MIMO layers and carrier aggregation. Therefore it needs to define several new additional UE categories for 256QAM, e.g., 7 as analysed in [3]. Considering 256QAM is only used in very favourable channel conditions and scenarios, e.g., in small cell indoor with very limited inter-cell interference, defining so many new UE categories for 256QAM is not desirable. Furthermore, one known criterion of UE category definition is to restrict the total number of UE categories, in order not to cause additional costs due to loss of economies of scale and not to have large signalling overhead. Taking these factors into consideration, defining such kind of new UE categories for 256QAM is not necessary. Another option supported by many companies is to introduce one capability bit to signal the 256QAM capability on top of current UE categories, e.g., [3][4][ 5], which we think is cost-effective and could be applicable to support 256QAM feature.
Proposal1: Introduce UE capability signalling of 256QAM for the existing UE categories, instead of defining new UE categories.
With 256QAM capability supported for current UE categories, the “total number of soft channel bits” defined for UE category should not be changed, in order not to increase the UE modem cost. This is similar with that of CA operation and only has very limited HARQ performance impact. Besides, to harvest higher peak data rate and also the higher system throughput provided by 256QAM, the “Maximum number of bits of a DL-SCH transport block received within a TTI” and even “Maximum number of DL-SCH transport block bits received within a TTI” could be correspondingly increased, the actual parameter values are decided by the final TBS for 256QAM. Furthermore similar with the views of many companies, our view is also that it is not necessary to introduce 256QAM capability for low category UEs. Table.2 shown our preference on the downlink parameter values with 256QAM capability (marked with red).
Table.2 Downlink physical layer parameter values with 256QAM capability
	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

[~130000]
	75376

[~100000]
	1237248
	2

	Category 4
	150752

[~200000]
	75376

[~100000]
	1827072
	2

	Category 5
	299552

[~400000]
	149776

[~200000]
	3667200
	4

	Category 6
	301504

[~400000]
	149776 (4 layers)
75376 (2 layers)

[~200000] (4 layers)

[~100000] (2 layers)
	3654144
	2 or 4

	Category 7
	301504

[~400000]
	149776 (4 layers)
75376 (2 layers)

[~200000] (4 layers)

[~100000] (2 layers)
	3654144
	2 or 4

	Category 8
	2998560

[~4000000]
	299856

[~4000000]
	35982720
	8

	Category 9
	452256
[~600000]
	149776 (4 layers)
75376 (2 layers)
[~200000] (4 layers)

[~100000] (2 layers)
	5481216
	2 or 4

	Category 10
	452256
[~600000]
	149776 (4 layers)
75376 (2 layers)
[~200000] (4 layers)

[~100000] (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.


Proposal2: The “total number of soft channel bits” defined for each category supporting 256QAM capability should not be changed.    
3
Conclusion

In this contribution, we provide the analysis and discussion on UE category adjustment with introduction of 256QAM. Basically we have the following proposals,
Proposal1: Introduce UE capability signalling of 256QAM for the existing UE categories, instead of defining new UE categories.

Proposal2: The “total number of soft channel bits” defined for each category supporting 256QAM capability should not be changed.    
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