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1. Introduction

In current LTE Rel-8/9 specification [1], UE category is used to define a combined uplink and downlink capability, including transport channel and physical channel parameters in downlink/uplink and total layer 2 buffer size. The definition of UE category is, of course, used for Rel-8/9 UEs, which only has one pair of transmitter and receiver. 
In Rel-10 evolution, three main features, at least, are involved, including DL MIMO enhancement from 4 up to 8 layers, UL MIMO enabled up to 4 layers, and carrier aggregation with up to 5 carriers in Rel.10. These enhancement features bring pretty high UE capabilities followed with pretty high UE complexities. There are lots of possible combinations of these features/capabilities, but only some of them will be adopted in realistic implementation. UE category parameter of Rel-10 should be used to define these realistic combinations and number of categories should be limited as much as possible.  
In previous discussion [3]-[5], some proposals have suggest to have several new UE categories combining the carrier aggregation and DL/UL MIMO enhancement. It can be an approach. However, there might be more and more UE categories need to be defined in later releases since combination number of above mentioned features can pretty large and market demands in future change unpredictably. This contribution proposes another approach for the representation of UE category parameter in LTE Rel-10 and later evolution. The proposed approach is not to include indication of carrier aggregation in UE category parameter. In addition, this contribution presents several new UE categories for Rel-10 evolution from our perspective. 
2. Representation of UE category
In Rel-10 evolution, DL MIMO enhancement from 4 up to 8 layers, UL MIMO enabled up to 4 layers, and carrier aggregation with up to 5 carriers are involved. There are lots of possible combinations of these features/capabilities, but only some of them will be adopted in realistic implementation. UE category parameter of Rel-10 should be used to define these realistic combinations and number of categories should be limited as much as possible. Since Rel-10 is an evolution from Rel-8/9, UE category in Rel-10 should follow categorization principles in Rel-8/9 if possible. In Rel-8/9 specification, UE category is to define a combined uplink and downlink capability, including transport channel and physical channel parameters in downlink/uplink and total layer 2 buffer size. The main reason for a combined uplink and downlink capability is that HSDPA/HSUPA has many DL and UL categories defined respectively, but only several of these categories are commercialized. So, in LTE Rel.8, a limited set of UE categories defines combined uplink and downlink capabilities in order to avoid unnecessary UE mandatory features and simplify the interoperability test.
Proposal 1: Rel-10 UE category should follow the categorization principle in Rel-8/9 to define a combined uplink and downlink capability.
In current Rel-8/9 specification, UE category is used to define a combined uplink and downlink capability supported by means of modulation and DL MIMO of single radio transceiver. In Rel-10, DL MIMO is enhanced from 4 up to 8 layers, UL MIMO is enabled and up to 4 layers, and carrier aggregation is added with up to 5 carriers. Since Rel-8/9 UE category already addresses modulation schemes and DL MIMO, it will be a smoothly extension that Rel-10 UE category addresses modulation, enhanced DL MIMO, and UL MIMO for single radio transceiver.
In current RAN4 discussion [5], CA bandwidth classes and related issues are discussed. Carrier aggregation capability is supposed to be available from current RAN4’s CA band specification. A UE might, at most, need to transmit a parameter indicating the number of CCs (transceivers) supported. Accordingly, we think signalling of CA capability should be not necessary in UE category.
Proposal 2: Rel-10 UE category should be extended from the categorization principle in Rel-8/9 to address enhanced capability by modulation, DL MIMO, and UL MIMO for “single” radio transceiver. 
In the above proposal, definition of UE category parameter might be a little bit changed since it only addresses capability for single radio transceiver. It should be fine since eNB/network can easily know the maximum data rate a UE can support given the number of supported CCs and the above defined UE category. 

Another alternative proposal to keep UE category addressing the maximum data rate is sated in the following proposal 2a. In this proposal, UE category stands for the maximum data rate supported and the number of supported CCs is implicitly indicated. This alternative might cause increment in number of UE categories, especially in later releases. 
Proposal 2a: Rel-10 UE category should be extended from the categorization principle in Rel-8/9 to address enhanced capability by modulation, DL MIMO, and UL MIMO. 

In progress of defining Rel-10 UE categories, proposal 2 still can be applied to define category for UEs with single radio transceiver if proposal 2a is going to be adopted in RAN1. 
With the LTE evolution to Rel-10, new features are involved. Rel-10 UE category should at least address these new features properly. Three key features are DL MIMO up to 8 layers, UL MIMO up to 4 layers, and carrier aggregation up to 5 CCs. A market-purposed highest UE category can be one new category supports these features to its maximum capability in case of applying proposal 2a. In case proposal 2 can be agreed, a new category supports DL/UL MIMO 8/4 layers can be used for market purpose. 
In addition to the highest UE category, several practical and realistic UE categories should be considered in Rel.10 timeframe. From our perspective, two new UE categories should be added in Rel-10 to address UL MIMO and carrier aggregation. In case of UL MIMO a UL SU-MIMO with 2 layers should be a practical and feasible [6]. Regarding to carrier aggregation a new category addresses aggregation of 2 CCs should be considered. 
Proposal 3: Rel-10 UE category should at least address new feature in this release. The following new categories are proposed in Rel-10.

· A new UE category supports the highest capability for market purpose. 

· A new UE category supports UL SU-MIMO with 2-layer spatial multiplexing. 
· A new UE category supports Carrier aggregation with 2 CCs supported. 

3. Conclusions

Several proposals are presented to define LTE Rel-10 UE categories.  

Proposal 1: Rel-10 UE category should follow the categorization principle in Rel-8/9 to define a combined uplink and downlink capability.

Proposal 2: Rel-10 UE category should be extended from the categorization principle in Rel-8/9 to address enhanced capability by modulation, DL MIMO, and UL MIMO for “single” radio transceiver. 

Proposal 2a: Rel-10 UE category should be extended from the categorization principle in Rel-8/9 to address enhanced capability by modulation, DL MIMO, and UL MIMO. 

Proposal 3: Rel-10 UE category should at least address new feature in this release. The following new categories are proposed in Rel-10.

· A new UE category supports the highest capability for market purpose. 

· A new UE category supports UL SU-MIMO with 2-layer spatial multiplexing. 

· A new UE category supports Carrier aggregation with 2 CCs supported. 
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