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1. Introduction
For LTE-Advanced, a variety of radio access techniques are considered in order to satisfy the requirements [1] such as support of wider bandwidth and uplink and downlink transmission schemes that include extension of multi-antenna transmission schemes and multiple access schemes in the uplink [2]. Although enhancement or extension of the radio access techniques is necessary in order to improve the system performance, the increase in the number of options and the cost of the user equipment (UE) should be minimized avoiding the increase in the number of combinations of the techniques and parameters as much as possible. Therefore, it is necessary to consider the UE capability for LTE-Advanced. This contribution presents our views on the UE capability for LTE-Advanced. The UE capability is not the issue to be discussed at this time. However, there may be many options in regard to the transmission bandwidth, number of antennas etc. in LTE-Advanced. Thus, the motivation for this contribution is that the common views on the UE capability regarding the transmission bandwidth and the number of antennas, etc. should be targeted towards developing detailed techniques for LTE-Advanced from an early stage. 
2. UE Categories in Rel-8 LTE
Table 1 summarizes the UE categories for Rel-8 LTE [3]. The UE capabilities are categorized into the maximum information bit rate, modulation schemes, and the number of MIMO streams in the downlink. Note that the size of soft-buffer is excluded in this table.
In Rel-8 LTE, all UEs must support 20-MHz transmission and reception bandwidths, i.e., there is no UE category with regards to the transmission and reception bandwidths, although narrower reception bandwidth capabilities such as 10 MHz were discussed in the Study Item (SI) phase. Regarding the number of MIMO streams, only the capabilities for the downlink are categorized since uplink single-user (SU) MIMO is not supported in Rel-8 LTE.
Table 1 – UE categories for Rel-8 LTE
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3. UE Categories in LTE-Advanced
In LTE-Advanced, backward compatibility with Rel-8 LTE is essential based on the requests from many companies. While maintaining backward compatibility with Rel-8 LTE, new radio access techniques such as support of wider bandwidth, higher-order MIMO schemes, and extension of the uplink multiple access scheme are being discussed for LTE-Advanced. 

Although enhancement or extension of the radio access techniques is necessary in order to improve the system performance, an increase in the UE cost and size would result from the increase in the number of combinations of technologies and parameters. However, this problem can be resolved by limiting the number of combinations to a reasonable level. Therefore, it is important to consider the necessary combinations of radio access techniques and parameters and simplify the UE categories for LTE-Advanced. Thus, we discuss the UE capabilities in this section.
3.1. Increase in Maximum Information Bit Rate
It was specified that the target peak data rate in LTE-Advanced is 1 Gbps and 500 Mbps for the downlink and uplink, respectively [1]. The target peak data rates are much higher than those achieved in Rel-8 LTE. Hence, the multiple UE categories should be defined for the maximum information bit rate in order to allow not only high-class UEs but also low-class UEs at a low cost as in Rel-8 LTE. Moreover, the maximum information bit rate is associated with the transmission and reception bandwidths and the number of MIMO streams supported in the UE. We also assume the dual mode usage with Rel-8 LTE UE for the LTE-Advanced UE. Our current views on the peak data rates are given below.
· Peak data rate for the highest UE category: 1 Gbps in DL and 500 Mbps in UL (further enhancement will be considered)
· Peak data rate for the lowest UE category: 100 Mbps in DL and 75 Mbps in UL
3.2. Support of Wider Bandwidth (Transmission and Reception Bandwidth)
All Rel-8 LTE UEs shall support 20-MHz transmission and reception bandwidths. In LTE-Advanced, however, a scalable bandwidth, e.g., up to 100 MHz shall be supported. Since the transmission and reception bandwidths significantly affect the UE cost, it is natural to consider multiple UE categories in regard to the maximum supportable transmission and reception bandwidths.

· Minimum-maximum bandwidth capability is 20 MHz in both links

· Maximum-maximum bandwidth capability is approximately 100 MHz in the DL and approximately 40 MHz in the UL, although further study and discussion are necessary regarding the value in the UL

· A scalable transmission bandwidth of less than 20 MHz in LTE from 1.4 to 20 MHz is supported. The motivation for this view is that the enhanced techniques for LTE-Advanced such as uplink radio access, coordinated multi-point transmission/reception, and higher-order MIMO are to be introduced to the system with a system bandwidth narrower than 20 MHz
3.3. Modulation Scheme
In addition to QPSK, 16QAM, and 64QAM which are supported in Rel-8 LTE, the applicability of higher order modulation scheme should be investigated during the SI phase of LTE-Advanced focusing on the application to local area environment. However, the application of higher-order modulation would be limited to very high-class UEs even if needed. Our views on the UE capability in regards to the modulation scheme for the LTE-Advanced UE are given below. 
· Capability in regard to the modulation scheme in the DL is the same as that for Rel-8 LTE, i.e., QPSK, 16QAM, and 64 QAM are supported in all categories
· Capability in regard to the modulation scheme in the UL is QPSK, 16QAM, and 64QAM in all categories, since LTE-Advanced will focus on local area environments
3.4. Number of Streams for MIMO Multiplexing

Higher-order MIMO up to eight streams is considered in the downlink. Furthermore, although SU-MIMO is not supported in Rel-8 LTE, SU-MIMO up to four streams is considered in the uplink in LTE-Advanced. Multiple UE categories should be considered in regard to the number of streams for MIMO multiplexing both for the downlink and uplink
· Minimum number of streams: 2 in DL and 1 in UL

· Maximum number of streams: 8 in DL and 4 in UL

· Baseline number of streams: 4 or 2 in DL and 2 or 1 in UL  
3.5. Uplink Multiple Access Scheme

Following the extension of transmission bandwidth and the introduction of multi-stream transmission in the uplink, enhancement of the uplink multiple access scheme is being discussed. More specifically, the introduction of OFDMA and Clustered DFT-Spread OFDMA are being discussed. UE categories in regard to OFDMA should be investigated based on the number of streams for MIMO multiplexing, since OFDM is very beneficial in enhancing the performance in MIMO multiplexing. We proposed hybrid radio access in the uplink taking into consideration decreasing the number of implementation options of different radio access schemes [4]. A summary is given hereafter.

· Uplink OFDMA is applied only to multiple-stream transmission
· Clustered DFT-Spread OFDMA is applied only to single-stream transmission
4. Conclusion

This contribution presented our views on the UE capabilities and simplification of the UE categories for LTE-Advanced. Enhancement or extension of the radio access techniques is necessary in order to improve the system performance and the problem in regard to the UE cost and size due to an increase in the number of combinations of the techniques and parameters can be solved by limiting the number of combinations.
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