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1   Introduction
The Small Cell Enhancements WI includes the specification of further higher order modulation (i.e. 256-QAM) for the downlink.  In this document, we discuss some aspects of UE capability/category signalling in support of 256-QAM on the DL.

2   Discussion

In RAN1#76, two new UE categories (9 and 10) were introduced in Rel-11 to address Carrier Aggregation with three component carriers, corresponding to a DL data rate of 450 Mbps and uplink data rates of 50Mbps/100 Mbps [2][3].

In RAN1#76, some contributions discussed how to address UE category aspects with 256QAM [2][3]. The introduction of 256-QAM on the downlink provides yet another feature (in addition to MIMO, CA, etc) to improve the peak data rate as well as increased spectral efficiency on the downlink. 256-QAM can provide roughly 8/6 ~ 33% improvement in peak data rate over 64-QAM. Thus, in principle, if a new UE category supporting 256-QAM with increased peak rate is to be defined corresponding to each UE category defined in Rel-11, it will lead to ten additional new UE categories (each supporting 256-QAM on DL). The introduction of such a large number of UE categories would clearly undesirable, as it can lead to market fragmentation, confusion, lack of economy of scale, and likely not providing any meaningful system benefits, potentially rendering 256-QAM as an ineffective feature. Therefore, it is desirable to ensure that the support of 256-QAM is introduced in LTE specifications in a manner that is consistent with how other features were handled in LTE so far. 
Based on the above, we have two proposals to address 256QAM support. 
For existing UE categories, support of 256-QAM can be added as a UE capability without changing the UE category definition (i.e. peak data rate per TTI, peak TBS per TTI, soft buffer size). This is similar to how CA is supported for UE categories 1-5, i.e. the peak data rate and soft buffer sizes are not increased for these categories even though CA could have provided the increased peak rates for larger channel bandwidths. With this proposal, a UE supporting 256-QAM can experience increased peak rate support at lower channel bandwidths (e.g. at 5 MHz, the peak rate can improve from 36 Mbps to 48 Mbps). At larger channel bandwidths, though there is no peak data rate increase for the UE, it can use lesser resources (i.e., RBs) to achieve the same peak rate; thereby resulting in an overall benefit to the system e.g. improved data rates for other users in the cell, lesser inter-cell interference due to improved resource utilization.  However, it should be discussed further which categories can support 256-QAM.
Proposal 1: For existing UE categories (i.e. as per Rel-11), capability signaling is introduced for support of 256-QAM. FFS which categories can include support of 256-QAM. 
New UE category can also be defined to support 256-QAM for increased UE peak data rate and with larger soft buffer size.  Defining a large number of UE categories solely for the sake of supporting 256-QAM could be undesirable. Since 256-QAM is yet another peak rate enhancing feature in addition to carrier aggregation, multi-layer MIMO, etc, any new UE categories should be defined in such a way as to provide a choice of which features a UE implements for increased peak rates. For instance, 256-QAM support could be provided for a non-CA UE. Based on Cat-4, a Cat4a with 256-QAM support can be defined with DL rate of 200Mbps as shown in Annex A. Also, 256-QAM support for a CA UE that supports only two carriers (rather than 3 carriers). Based on Cat-6, a Cat6a with 256-QAM support can be defined with DL rate of 400Mbps as shown in Annex A. Finally, a new UE category Cat8a with peak rate of 4Gbps based on Category 8 with approximately 33% larger data rate and 33% larger soft buffer size can also be specified. In our view, defining at most these three new Categories as described above would be sufficient. In future, additional UE categories could be added as was done in Rel-11 for Cat-9/10.
Proposal 2: The number of new UE categories introduced in Rel-12 solely for support of 256QAM is less than 3.
3   Conclusions

In this document we discussed design aspects for introducing 256-QAM and propose the following. 

Proposal 1: For existing UE categories (i.e. as per Rel-11), capability signaling is introduced for support of 256-QAM. FFS which categories can include support of 256-QAM. 
Proposal 2: The number of new UE categories introduced in Rel-12 solely for support of 256QAM is less than 3.
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Annex A
	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

	[Category 4a]
	[200000]
	[100000]
	[2436096]
	[2]

	[Category 6a]
	[400000]
	[200000] (4 layers)

[100000] (2 layers)
	[4872192]
	[2 or 4]

	[Category 8a]
	[3998080]
	[399808]
	[47976960]
	[8]

	Note : Categories [4a,6a,8a] shall support 256QAM on the downlink
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