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1. Introduction
New LTE UE categories were discussed during RAN#62 and the following way forward [1] was agreed:
RAN agrees to task RAN WGs (starting from RAN1) to introduce a new UE category(ies) with the following principles:

· Define DL “450Mbps class” addressing 3DL CA with total aggregated bandwidth of 60MHz (example shown in [1])

· The above DL category should be paired with UL categories with the same processing requirements as the existing UL Cat.6 and UL Cat.7

· New UE category(ies) should be defined in release-11

· RAN WGs should  further discuss

· “Physical layer parameter values”, “Total layer 2 buffer sizes“ and “Maximum number of bits of a MCH transport block received within a TTI” as defined in TS36.306

· Mechanisms to address backward compatibility
· RRC signalling
In this contribution, we discuss and provide our views for the introduction of the new UE categories for LTE in accordance with the above way forward agreement.
2. Introducing new UE categories for LTE Release 11
LTE UE categories defined in TS36.306 [2] essentially establish the maximum UE processing capability in terms of peak data throughput of the radio interface for downlink (DL) and uplink (UL). Additionally, the UE category also mandates a given maximum number of supported layers for spatial multiplexing in downlink as well as the support (or exclusion) of 64QAM in uplink. Categories 1-5 exist since LTE Release 8. Categories 6 and 7 were introduced in Release 10 in order to address the increase in DL peak throughput brought up by carrier aggregation (CA) assuming 2 DL component carriers. New work item proposals targeting 3 DL CA with a total aggregated bandwidth of up to 60 MHz have been approved starting from RAN#60. This motivates the introduction of new UE categories addressing an increase of the maximum peak throughput in the downlink direction of up to 450 Mbps.
Decoupling between DL and UL categories

Based on earlier discussions as well as factoring in the input from network operators, network vendors and UE manufacturers, it is not expected that the future evolution/deployment of LTE in terms of DL and UL carrier aggregation capability will materialize at the same pace. For instance, although RAN4 is currently specifying 2 UL CA, the newly introduced 3 DL CA work items assume a single uplink. Also, the current framework for LTE UE categories might prove too rigid in the future in the face of other applications such as e.g. machine-to-machine, device-to-device, small cell scenarios, which have different and variable needs in terms of UL/DL throughput.
For these reasons, in relation to the evolution of LTE CA deployments, RAN decided that the DL “450Mbps class” “should be paired with UL categories with the same processing requirements as the existing UL Cat.6 and UL Cat.7”. In other words, this means that the main use case of 3 DL CA may be coupled to either 1 UL or 2 UL CA. In practice, this introduces a de-facto “decoupling” of UL/DL capabilities for the new UE categories.
We have identified three different ways to introduce the RAN agreements [1] into TS36.306: 
a)  Completely decouple UL and DL categories for newly defined UE categories;
b)  Allow for the possibility to link a single new DL UE category addressing 450 Mbps peak throughput, e.g. “Category 7.1” with either existing Category 6 (for 1 UL) or Category 7 (for 2 UL CA) in uplink;
c)  Introduce two new UE categories, e.g. ”Category 6.1” and “Category 7.1”, both addressing 450 Mbps DL peak throughput, where ”Category 6.1” supports 1 UL while “Category 7.1” supports 2 UL CA.
Unlike LTE, the UTRA standard has chosen right from the start to decouple UL and DL UE capabilities, hence following the path of Option a) above. Option b) implements a more restricted decoupling of UL and DL capabilities for CA. Finally, Option c) follows the same principles as behind existing categories, i.e. a one-to-one coupling of DL/UL categories, at the expense of duplicate DL categories. 
Although all three options above target the same goal, Options a) and b) have more significant implications in terms of specification work (e.g. signalling). On the other hand, they have the main advantage of being more future proof. Option a) and b) are thus seen as the most suited in the sense that they provide a robust solution towards the evolution of LTE beyond Rel-11. However, Rel-11 is currently in a very late stage which allows only critical corrections to be made to the standard. From that perspective, Option c) is likely in practice the only way to promptly introduce the needed changes to the specifications and allow operating for instance 3 DL / 1 UL carrier aggregation up to 450 Mbps in downlink in Rel-11 timeframe. Therefore, we propose:
Proposal 1: 
Introduce two new UE categories in LTE Rel-11, e.g. 
· ”Category 6.1” , addressing 3 DL CA with 2 layers, assuming 1 UL carrier;
· “Category 7.1”, addressing 3 DL CA with 2 layers, assuming 2 UL CA.
Physical layer parameter values

Building on top of Proposal 1, we have sketched a proposal for discussion at RAN1#76 for physical layer parameter values (see Table 1 for downlink, Table 2 for uplink), total layer-2 buffer sizes (see Table 3) and the maximum number of bits of a MCH transport block received within a TTI (see Table 4). The logic behind this proposal goes as follows:

· UL Category 6.1 aims at establishing a one-to-one linkage with DL Category 6.1. Besides this, the physical layer parameters are the same as for UL Category 6 which assumes 1 UL carrier.   
· UL Category 7.1 aims at establishing a one-to-one linkage with DL Category 7.1. Besides this, the physical layer parameters are the same as for UL Category 7 which assumes 2 UL CA. 
Related to the support of 64QAM in uplink, strictly speaking, the RAN level agreement excludes it, since it states that the processing requirements should be the same as for the existing UL Category 6 and UL Category 7. In case 64QAM support is deemed as needed, it could be for instance introduced with an additional UE Category 6.2 built along the lines of the proposed Category 6.1 with the exception that Category 6.2 would support 64QAM UL.
Layer-2 buffer sizes are under the responsibility of RAN2. A proposal is provided here for information in Table 3. The L2 buffer size is defined the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers [2]. It was initially set for UE Categories 1-5 by calculating the minimum RLC buffer size needed to reach the maximum throughput assuming a RLC RTT of 75ms [4]
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[5]. The same method was applied to UE Categories 6-8 [6].
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 6.1
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7.1
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


Table 2: Uplink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 6.1
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 7.1
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


Table 3: Total layer-2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]

	Category 1
	150 000

	Category 2
	700 000

	Category 3
	1 400 000

	Category 4
	1 900 000

	Category 5
	3 500 000

	Category 6
	3 300 000

	Category 6.1
	4 800 000

	Category 7
	3 800 000

	Category 7.1
	5 200 000

	Category 8
	42 200 000


Table 4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-Category for an MBMS capable UE
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376

	Category 6
	75376

	Category 6.1
	75376

	Category 7
	75376

	Category 7.1
	75376

	Category 8
	75376


3. Conclusion 
In this contribution, we discussed and provided our views on the introduction of the new UE categories for LTE Release 11 in accordance with the agreements [1] reached during RAN#62. Based on our analysis, it is seen that decoupling DL and UL categories would yield the most future proof solution towards the evolution of LTE. However, given the late stage of LTE Release 11 standardization, there is most likely no other choice than to follow the earlier way of introducing UE categories. The discussion on the decoupling of UL/DL categories could then be deferred to Release 12 timeframe. Therefore, we propose that:
Proposal 1: 
Introduce two new UE categories in LTE Rel-11, e.g. 
· ”Category 6.1” , addressing 3 DL CA with 2 layers, assuming 1 UL carrier;

· “Category 7.1”, addressing 3 DL CA with 2 layers, assuming 2 UL CA.

Building on top of Proposal 1, we have provided a proposal for discussion at RAN1#76 for physical layer parameter values, total layer-2 buffer sizes and the maximum number of bits of a MCH transport block received within a TTI.
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