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1. Introduction

To support 256QAM, UE Categories shall be adjusted for Rel 12 UE. In this contribution, we discuss and share our views of how to handle legacy UE categories and introduce new UE categories for 256QAM PDSCH transmission.  

2. Legacy UE Categories
Table 1 Downlink physical layer parameter values set by existing 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


It is feasible to support 256QAM on legacy UE categories by some adjustments. However such adjustments should strive to minimize standards impact, UE cost and market fragmentation. In general increased spectral efficiency due to 256QAM is limited to extremely high SINR, e.g. greater than 20dB, within a noise-limited scenario, e.g. isolated small cell. Therefore adjusting physical layer parameters of legacy UE categories shall take into account practical implementation whilst harvesting the gain of 256QAM. 
With respect to the total number of soft channel bits, we may reuse the rate matching parameter values of the legacy UE categories to mitigate the UE cost due to introducing 256QAM. The UE may store the same number of soft channel bits if the decoding is not successful. The impact to HARQ operation due to reduced buffer size can be minimized by implementation. 
On the other hand, adjusting the peak data rate of the legacy UE categories is not preferred. Firstly, the peak data rate is one of most important messages to the market to differentiate UEs. Similar to CA, MIMO capability, and UL modulation, increasing peak data rate of a UE normally means a new UE category, for example, Cat 6 and 7 are differentiated by UL MIMO capability, cat 4, 7 and 9 are differentiated by CA capability.  It would be really confusing if a single UE category could have two or more different peak data rates. Secondly, actually achieving the theoretical peak data rate of 256QAM, for example Cat 6 with the peak rate increased to around 301504*8/6, is extremely unlikely. Taking Cat 6 as an example, such increased peak data rate needs 2 CCs both with SINR simultaneously greater than 20dB at least, each CC with 20MHz bandwidth, four layer transmission where both TBs must achieve the highest layer-two MCS of 256QAM MCS table, and be served by a CA-capable small cell within an isolated or noise-limited propagation scenario on both carriers.  
With respect to the maximum number of bits of a DL-SCH transport block received within a TTI, it is up to 256QAM MCS table design which shall be able to be sufficient to harvest most of the 256QAM gain.  Even if 256QAM capable UEs cannot achieve a higher peak data rate than 64QAM UEs within the same UE category, the network still can benefit from more efficient usage of resources to improve network throughput when the channel conditions for a UE are good enough, and therefore the user experience and network capacity will be increased. The UE can also reduce power consumption since a file of a given size downloaded via PDSCH transmission may use less resource allocation and transmission time due to the higher modulation order.   
In terms of which legacy UE categories shall be adjusted, we think that supporting 256QAM within UE Cat 9 and 10 would be sufficient since 256QAM will be only supported by high-end Rel 12 UEs which are more likely Cat 9 and 10 UEs in the future. We do not see foresee a strong motivation to support Cat 1-8 UEs with 256QAM.  
Proposal 1: Only the maximum number of bits of a DL-SCH transport block received within a TTI is updated to support 256QAM for legacy UE categories. 

Proposal 2: Out of the legacy categories, only Cat 9 and 10 are updated to support 256QAM.
3. New UE Category

It has been agreed that 256QAM can support up to 8 layers. Similar to Cat 8 UEs, one new UE category may be introduced to support simultaneous 8 layer transmission, 5CC and 256QAM mainly for the marketing reason to support a higher peak data rate, e.g. 4Gbps.  

Proposal 3: Cat 11 can be introduced to support 256QAM, 5CC and 8 layer transmissions.   

To support a higher peak data rate for sustaining the technology competitiveness of LTE, more UE categories may be added, e.g. mirroring Cat 9 and 10 to Cat 12 and 13 with 33% increased data peak rate (600 Mbps). UE Cat 12 and 13 can be achieved roughly by 3 CC+ 2 layer + 256 QAM or 2 CC+ 4 layer +64QAM. 
Proposal 4: Similar with Cat 9 and 10, Cat 12 and 13 can be introduced to support 256QAM with higher peak data dates. 
Table 2   Downlink physical layer parameter values set by new 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, 64QAM)
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)

~199702 (4 layers, 256QAM)

75376 (2 layers)

~100502 (2 layers 256QAM)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

~199702 (4 layers, 256QAM)

75376 (2 layers)

~100502 (2 layers 256QAM)
	5481216
	2 or 4

	Category 11
	~3998080
	~399808
	~47976960
	8

	Category 12
	~603008
	149776 (4 layers)

~199702 (4 layers, 256QAM)

75376 (2 layers)

~100502 (2 layers 256QAM)
	~7308288
	2 or 4

	Category 13
	~603008
	149776 (4 layers)

~199702 (4 layers, 256QAM)

75376 (2 layers)

~100502 (2 layers 256QAM)
	~7308288
	2 or 4


4. Conclusions

In this contribution, we discuss how to support 256QAM by modifying existing UE categories and introducing new UE categories. In conclusion, we make the following proposals and summarize in Table 2: 

Proposal 1: Only the maximum number of bits of a DL-SCH transport block received within a TTI is updated to support 256QAM for legacy UE categories. 

Proposal 2: Out of the legacy categories, only Cat 9 and 10 are updated to support 256QAM.

Proposal 3: Cat 11 can be introduced to support 256QAM, 5CC and 8 layer transmissions.

Proposal 4: Similar with Cat 9 and 10, Cat 12 and 13 can be introduced to support 256QAM with higher peak data dates.   
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