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New UE categories have been discussed for the last RAN plenaries. The discussion has focused on UE categories applicable for 4 and 5 carriers together with 2 or 4 MIMO layers. In parallel to this discussion RAN1 has discussed the introduction of 256QAM together with how 256QAM relates to UE categories. The result of the RAN1 discussion is provided in the LS [1] to RAN.
It can be observed from the LS that RAN1 agreed to make 256QAM applicable for UE category 6/7. If a UE of category 6/7 indicates support for 256QAM the maximum data rate for the UE category is also changed. In addition RAN1 has agreed to introduce 3 new UE categories. 
· UE category 13 provides the theoretical maximum data rate of LTE with the introduction of 256QAM, which is about 4 Gbps in DL. 
· UE category 11/12 corresponds to ~600 Mbps UE categories. The UE can achieve this data rate with or without 256QAM. As an example 600 Mbps can be achieved with aggregation of 80 MHz of spectrum with 2 layers without 256QAM. Alternatively is to use carrier aggregation over 60 MHz with 256QAM supported. In addition it is also possible to support 4 DL layers with the UE category. 
Given that the above aspects are already agreed this paper focused on discussing introduction of UE categories beyond 600 Mbps.
[bookmark: _Ref346118000]Discussion
It can be observed that the there is a demand from the market to go to 80 or 100 MHz of spectrum aggregation [2] to [9]. Further it can be observed that 256QAM is promising features as such and should be considered in the UE category discussion. For new UE categories it is essential that the data rates are defined so that they can be reached in several different ways, e.g. by combination of aggregated spectrum, number of MIMO layers and with/without 256QAM supported. Further the design principle of making the same UE categories for both TDD and FDD deployments should be kept. This to be able to take full reuse advantage of the chipset design, together with not diverging the market. 
Observation
· New UE category data rates should be possible to reach with combination aggregated spectrum, number of MIMO layers and with/without 256QAM
Based on the above analysis it can be observed that the next clear step in data rate from 600 Mbps is 750 Mbps UE categories. This as 750 Mbps corresponds for example to:
· 100 MHz of spectrum aggregation with 2 layers without 256QAM support (754 Mbps)
· 80 MHz of spectrum aggregation with 2 layers with 256QAM support (783 Mbps)
· 40 MHz of spectrum aggregation with 4 layers with 256QAM support (783 Mbps)
· 40 MHz of spectrum aggregation with 4 layers and 20 MHz spectrum aggregation with 2 layers, without 256QAM (750 Mbps)
· Other combinations are also possible
Given that the UE category need to comply with the achievable data rate in at least one of its signaled band combinations according to section 4.3.5.2 in [10] the resulting data rate would be 750 Mbps. The same situation is true for the 600 Mbps UE categories agreed in RAN1, for these categories there will however be a discussion in the next RAN1 meeting if it is possible in the above situation to select the highest data rate in the specification that does not strictly need to always be followed. If that is the case a similar approach could be applied for the 750 Mbps UE categories as well.
Proposal
· Introduce a ~750 Mbps UE category pair

The next step after 750 Mbps would be a UE category operating around 1000 Mbps in data rate. These data rates can be achieved by the following operations
· 100 MHz of spectrum aggregation with 2 layers with 256QAM support (980 Mbps)
· 40 MHz of spectrum aggregation with 4 layers and 20 MHz spectrum aggregation with 2 layers, with 256QAM (980 Mbps)
· 50 MHz of spectrum aggregation with 4 layers with 256QAM support (980 Mbps)
· 60 MHz of spectrum aggregation with 4 layers and 20 MHz of spectrum aggregation with 2 layers without 256QAM (1050 Mbps)
· Other combinations are also possible
As observed above the maximum theoretical data rates varies a bit given the exact example. It should be observed in order for the UE category to be able to operated according to the current definition in 36.306 the maximum data rate needs to be about 980 Mbps. Similar as for the discussion for the 750 Mbps UE category the exact details to what data rate that can be defined can be left for RAN1 to decide. 
Proposal
· Introduce a ~1000 Mbps UE category pair

The remaining discuss is which release the UE categories should target. It can be observed that carrier aggregation and MIMO support is mainly a Rel-10 or Rel-11 feature (depends on which transmission modes that are targeted). However some of the MIMO and CA work is also Rel-12 features such as the new code book design introduced in Rel-12 and FDD-TDD CA. It can be further observed that the 256QAM is a Rel-12 feature. Based on this we propose that the new UE categories shall be defined for Rel-12.
Proposal
· The new UE categories are defined from Rel-12 and onwards


Conclusion
In this contribution we discuss the introduction of new UE categories targeting data rates above 600 Mbps. We observer that there is a market demand for UE categories targeting data rates above 600 Mbps and more specifically that of a data rate of about 750 and 1000 Mbps in DL. An example on how to implement these new UE categories is available in the Appendix. We propose the following:
· RAN WG1 and RAN WG2 should introduce two new UE category pairs with a target data rate of 750 and 1000 Mbps until RAN #66
· The UE categories should be able to reach the given data rate with several different combinations of aggregated bandwidth, number of MIMO layers and with or without support of 256QAM
· The exact data rate can be selected by the working groups in order to fit as many combinations as possible to reach the target data rate.
· The new UE categories are defined for Rel-12 and onwards
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Appendix
· Table 4.1-1: 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 (-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504(-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	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 11
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 13
	3916560
	391656
	47431680
	8

	Category 14
	[749838]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[9084672]
	2 or 4

	Category 15
	[749838]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[9084672]
	2 or 4

	Category 16
	[978960]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	 [11857920]
	2 or 4

	Category 17
	[978960]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[11857920]
	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.




