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1 Introduction

As discussed in RAN1 and RAN4 meetings ‎[1]
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‎[2], UE categories and capabilities need to be extended in Release 10 to support advanced features such as higher order MIMO, carrier aggregation, and etc. 
As discussed in ‎[1], small number (5) of UE categories are defined in Rel. 8 LTE to ease the network deployments and UE testing effort. It is also reasonable to expect that only a small number of additional UE categories are needed for Rel. 10 LTE-A. On the other hand, new features supported in Rel.10 LTE-A, such as higher order DL MIMO, UL MIMO, carrier aggregation for downlink and uplink, and Het-Net, result in a fairly wide spectrum of UE complexity and capability and requires careful selection of the set of capabilities associated to each corresponding UE categories.
In this contribution, general purposes and considerations of defining new UE categories are discussed first in Section ‎2 followed by detailed discussions of the set of capabilities associated to each new UE categories in Section ‎3. UE capabilities are then discussed in Section ‎4 related to the features for special scenarios. In Section ‎5, conclusions are given.
2 General discussion on new UE categories

To define a small number of new UE categories, it is beneficial to clarify the general purposes and considerations of these new UE categories before figuring out the exact capabilities/features associated to each of them. A set of well defined UE categories (and UE capabilities) should well serve the following purposes:
· Ensure availability of UEs for early deployments and, at the same time, obtain relatively high system performance in such an early deployment taking advantages of the new features defined in LTE-A
· Enable a wide range of UEs for tradeoff of complexity/cost, market and performance
· Easy extendibility to future releases

Therefore, a set of 3 new UE categories may be needed:
· Rel. 10 category 1: relative lower end UEs for general market. Needs not to support all the features as discussed in Section ‎4
· Rel. 10 category 2: high end UEs for superior user experience and data heavy market
· Rel. 10 category 3: UEs that can take the full advantages of Rel.10 features that may only be needed for special scenarios
3 Defining new UE Categories for Release 10 LTE-A
To define the details of each new UE category, the following key aspects have to be considered:
· Maximum DL/UL data rate

· Maximum number of layers for DL/UL MIMO

· Number of CCs for DL/UL CA

· Might need to differentiate intra- and inter- band CA scenarios.

These key aspects are largely related to the UE’s hardware complexity and capability. The maximum DL/UL data rate mainly depends on the processing speed of the UE chips and the size of its memory/buffer. The number of layers for DL/UL MIMO relies on the number of receiving and transmitting antennas and the associated RF chains at the UE. Whether CA can be supported and the number of CCs for CA in DL/UL also heavily depends on the RF capabilities of the UE. Note that, as pointed out in ‎ [2] 
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‎ and [3], maximum data rates may be achieved via increased number of layers or aggregated bandwidth and a same RF architecture at the UE may be used for UL MIMO and/or UL CA.
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Figure 1 UE categories/capabilities for Rel.10.

Figure 1 illustrates a possible design of new UE categories for Rel.10. Note that DRd8 (DRu8) is defined as the maximum downlink (uplink) data rate of Rel.8 UE category 4. For each of the key aspects of UE complexity, values are labelled into 5 categories with Release 8 as the starting point while the highest possible values are given as beyond Rel.10. The exact values associated to each category may be reconsidered, especially for the CA capabilities since they depend on the exact CA scenarios supported in Release-10 ‎[4]‎[5].
4 Features and UE Capabilities

Some features defined in Rel.10 may only be used and/or provide benefits in certain scenarios. Examples of such features include UL non-contiguous resource allocation, PUCCH/PUSCH concurrent transmission, and PRB bundling of DL DM-RS. Due to their limited benefit, they may be defined as UE capabilities.
As stated in ‎[2], it is the intention of RAN4 to define the supported CA configurations as part of UE capabilities. This may include the frequency band(s) for aggregation, supported bandwidth for each frequency band, number of CCs for intra-band aggregation, and etc. In addition, signaling of related UE RF capabilities is needed to allow flexible method of achieving the maximum data rates either via increased number of layers or aggregated bandwidth.
5 Conclusions
This contribution discusses the new UE categories for Rel.10. It is proposed to define 3 new UE categories:

· Rel. 10 category 1: relative lower end UEs for general market. Needs not to support all the features as discussed in Section ‎4
· Rel. 10 category 2: high end UEs for superior user experience and data heavy market

· Rel. 10 category 3: UEs that can take the full advantages of Rel.10 features that may only be needed for special scenarios

It is also propose to define UE capabilities for less important features and some RF capabilities for the benefit of CA and flexible maximum data rate support.
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