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1
Introduction
The introduction of 256QAM modulation for LTE Rel. 12 PDSCH operation also requires some handling with respect to UE categories and UE capability signalling. In this contribution, we discuss potential ways to adjust existing UE categories and the potential introduction of new UE categories for 256QAM PDSCH operation.

2
Potential options on UE category adjustments
Before going into details, let us first note the current status of LTE UE categories after the introduction of UE Cat. 9&10 supporting 3DL CA at RAN1#76 [1,2]. The DL PHY parameters of the current LTE UE categories are correspondingly noted in Table 1.
	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 1: DL physical layer parameter values of the existing Rel.12 UE categories. 

Enabling 256QAM on top of the currently supported PDSCH modulations will increase the spectral efficiency. Depending on handling of the 256QAM UE capability in terms of UE categories, the spectral efficiency increase can be used to improve the achievable overall system throughput or alternatively also increase the UE peak data rate.

For a UE supporting 256QAM demodulation different options summarized in Table 2 exist in terms of UE baseband capabilities. 
	256QAM Options
	Increase the Maximum number of DL-SCH transport block bits received within a TTI
	Increase the Maximum number of bits of a DL-SCH transport block received within a TTI
	Increase the Total number of soft channel bits

	Option 1
	No
	No
	No

	Option 2
	No
	Yes
	No

	Option 3
	Yes
	Yes
	No

	Option 4
	Yes
	Yes
	Yes


Table 2: Available 256QAM UE category baseband adjustment options. 

In case of the Option 1, the UE category definitions of baseband capabilities are not changed and the UE could just in addition signal the support of 256QAM demodulation as a UE capability on top of any of the existing UE categories [3]. 256QAM demodulation capability requires some improvements on the UE RX performance, as discussed in terms of RX_EVM during the SI phase. One might therefore think, that consequently also improvements in terms of baseband operation should be possible which this option totally neglects. In addition, Option 1 is not able to harvest most the 256QAM benefits identified during the SI phase, namely improvements in small cell deployments where mostly a single UE is served at a time by the small cell base station. Moreover, enabling 256QAM capabilities for low price/complexity/capability UE modem categories seems to be rather questionable as such. 
The strategy of Option 2 is to only increase the maximum transport block size. Option 1 is not increasing the nominal peak-data rate of the UE but tries to provide a reasonable compromise between hardware complexity and real-world usage & performance. Taking the new UE categories 9 & 10 (3DL CA) as an example, Option 2 would still reach the maximum peak data rate of ~400Mbps for 2 aggregated DL carriers in contrast to the ~300Mbps of Cat. 6/7 and the Option 1 interpretation of Cat. 9/10. Only increasing the max. TBS might make very much sense for UE categories supporting DL CA, as the probability of having 
a. the maximum number of supported cells aggregated in the UE where each of them is a 

b. 256QAM capable small cell and which is at the same time transmitting 

c. full band on each carrier to the UE with the 

d. maximum rank/layer transmission on each of the component carriers with the 
e. highest MCS on each layer of each carrier 

is just negligible. The 256QAM capability definition of Option 2 would get the 256QAM benefits of increased user data rates in most realistic cases without the need to increase the baseband capabilities and related UE modem costs too much.
Option 3 proposed in [4] is increasing not only the max. TBS size but also the maximum number of transport block bits per TTI. In contrast to Option 2, the nominal peak data rate is increased but as discussed above, the possibility for having any profit seems to be rather limited (i.e. points a. to e. above need to be fulfilled within a single TTI) at a cost of higher UE processing requirements/speed. But still, Option 3 tries to keep the UE modem cost increase within limits by keeping the soft-buffer sizes unchanged, which has a very minor impact on the HARQ decoding performance. As discussed above, the additional benefit compared to Option 2 is according to our understanding rather limited but clearly will increase UE processing requirements.
Option 4 improves on all the aspects, increasing the UE modem complexity and cost to be able to provide the optimal HARQ decoding performance on top of Option 3. Option 4 basically comes then close to defining a bunch of new, additional 256QAM UE categories as outlined e.g. in [3]. Looking at the cost & complexity increase, this might only make sense for the highest performance UEs. 

Based on the discussions of the available UE category adjustment options having the cost/complexity/benefit trade-off in mind, we suggest to:
· Proposal 1: Define a new UE category (UE Cat. 11) with mandatory 256QAM PDSCH support as a UE category 8 extension, increasing the LTE peak data rate to ~4Gbps.
· Proposal 2: Enable 256QAM UE capability signalling for UE categories 6, 7, 9 & 10 and increase only the respective maximum transport block sizes.

Taking these two proposals into account, the resulting downlink physical layer parameters for the UE categories are given in Table 3. 

	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 (64QAM 4 layers)
[~200000] (256QAM 4 layers)

75376 (64QAM 2 layers)
[~100000] (256QAM 2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (64QAM 4 layers)
[~200000] (256QAM 4 layers)

75376 (64QAM 2 layers)
[~100000] (256QAM 2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (64QAM 4 layers)
[~200000] (256QAM 4 layers)

75376 (64QAM 2 layers)
[~100000] (256QAM 2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (64QAM 4 layers)
[~200000] (256QAM 4 layers)

75376 (64QAM 2 layers)
[~100000] (256QAM 2 layers)
	5481216
	2 or 4

	Category 11
	[~4000000]
	[~400000]
	[~48000000]
	8

	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 3: DL physical layer parameter values including 256QAM Rel.12 UE category adjustments. 

4
Conclusion
In this contribution, we discussed different options on how to handle the 256QAM PDSCH support in terms of UE category adjustments. Taking the cost/complexity/benefit trade-offs into account we suggest:

· Proposal 1: Define a new UE category (UE Cat. 11) with mandatory 256QAM PDSCH support as a UE category 8 extension, increasing the LTE peak data rate to ~4Gbps.
· Proposal 2: Enable 256QAM UE capability signalling for UE categories 6, 7, 9 & 10 and increase only the respective maximum transport block sizes.
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