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1. Introduction

In Rel.10, new UE categories are needed to define support for new functionalities such as carrier aggregation, i.e., a wider bandwidth, and higher order MIMO. This document discusses which features should be tied to a UE category, e.g., number of CCs layer.
2. UE Categories Defined in Rel. 8/9
In Rel. 8/9, 5 UE categories are defined as shown in Table 1 [1].
Table 1 – UE Categories in Rel. 8/9
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Even in the Rel.10 timeframe, two-layer transmission in the downlink would be the baseline scheme. A wider bandwidth such as greater than 20 MHz with carrier aggregation would be mainly used to achieve higher data rates. Thus Cat.4 is the baseline category for Rel.10 and later since all RBs are occupied even when the maximum data rate is used for two-layer downlink transmission. Therefore, in the subsequent discussion, we assume “Cat. 4” as the baseline category.
In the table, NDR8 (NUR8) is defined as the number of downlink (uplink) maximum number of bits of a DL-SCH transport block received (transmitted) within a TTI in Cat.4. 
3. UE Categories/Capabilities for Rel.10
3.1. Basic Ideas to Define New UE Categories/Capabilities
We first discuss the basic ideas to define new UE categories.

· Basic Concept of Number of UE Categories
In the past discussions regarding Rel. 8 LTE UE categories, it was strongly proposed by operators that we should avoid market fragmentation by introducing too many UE categories [2], [3]. The rationales for this are listed as follows:

· Network would need to support a wide range of different UE categories, and testing efforts for eNodeB would increase.

· Terminal test effort would also increase if one terminal supported several UE categories.

· Market would become confused just as we experienced with HSDPA, in which there were many, many UE categories and most of them were not used in commercial networks. A similar situation is likely to occur for HSUPA as well as for the combinations of HSDPA and HSUPA.
This is why only 5 UE categories were defined in Rel. 8 LTE. This clearly indicates that the number of UE categories for LTE-Advanced should also be limited as much as possible.
Furthermore, the UE categories should be defined as a combination of downlink and uplink in the same way as in Rel. 8 LTE to reduce the number of combinations.
· Limited Number of UE Categories in Rel. 10
It is beneficial to limit the number of UE categories in the Rel. 10 timeframe, because market demands for high UE categories such as more than 2 CCs, 4x4/8x8 DL MIMO, and 2x2/4x4 UL MIMO are still unclear. Therefore, it is felt that such additional high UE categories should be introduced in Rel. 11 or later according to the identified frequency spectrum and market demands.
· Supporting the Highest Performance UEs
As the maximum UE capability, the UE with 8 downlink layer reception and 4 uplink layer transmission would be required to identify the potential performance of LTE-Advanced. 
3.2. Carrier Aggregation in Downlink
We first discuss carrier aggregation in the downlink. We will separately discuss the categories/capabilities for physical downlink shared channel (PDSCH) and physical downlink control channel (PDCCH), since the requirements are different.
· Decoding Capability of PDSCH
Here the relation between the downlink layer and CCs are discussed. Even when the carrier aggregation is used assuming the same total bandwidth, the maximum data rate is maintained. For example, if 2 x 10 MHz bands are aggregated, the maximum data rate is the same as that of 1 x 20 MHz as shown in Fig. 1. However, the number of HARQ processes is increased.
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Figure 1 – Same maximum data rate
Since UE complexity for the PDSCH would mainly depend on the turbo decoding capability, an increase in the number of HARQ processes would not impact on the UE complexity. Thus, the decoding capability of the PDSCH does not depend on the number of CCs but depends on the maximum data rate. 
· Decoding Capability of PDCCH

On the other hand, from the viewpoint of PDCCH blind decoding, the number of CCs is the dominant factor. For example, two 10 MHz bands are aggregated as shown in Fig.2. This requires twice as many blind decodings compared to that for one 20 MHz carrier. Therefore, the number of blind decodings is increased to support multiple CCs. Whether we need to define the decoding capability of the PDCCH is highly dependent on the current RAN1 discussion. See [4] more detailed discussion.
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Figure 2 – Number of PDCCH blind decodings
· Discussion
Although the number of CCs is more important for PDCCH blind decoding, we consider the following.
· Define a new UE category with a higher maximum data rate, i.e., “Maximum number of DL-SCH transport block bits received within a TTI.”
· Downlink carrier aggregation can be treated as a “UE capability,” i.e., no need to add any UE categories.
It is natural to define the downlink carrier aggregation as a UE capability, since the band combination will be informed as UE capability (will be discussed in RAN4). Furthermore, by defining it, we can extend the new UEs without redefining new categories with the same maximum data rate such as that below.
· Low class UE (Category 3 or 4 in Rel. 8) with carrier aggregation capability
· UEs with more carrier aggregation up to 5 CCs
3.3. Carrier Aggregation in Uplink
Here we discuss the carrier aggregation in the uplink. In the uplink, only the primary uplink CC is used for the physical uplink control channel (PUCCH), so we only discuss the physical uplink shared channel (PUSCH). In the uplink, the following must be defined as UE categories.
· Maximum data rate: must inform as UE category, which is the same as in the downlink.

· Uplink layer: must be defined as a part of a “UE category,” which is the same as in the downlink. 
· Uplink CCs: need for this should be discussed in RAN4, since it highly depends on the RF transmitter structure.  
3.4. RAN4 Aspects
As discussed so far, the following aspects should be discussed in RAN4.
· Whether or not downlink/uplink carrier aggregation functionalities should be defined as UE capabilities instead of UE categories

· What kind of RF architecture, especially in the uplink, should be considered in UE categories/capabilities

· For example, the number of uplink layers, and the number of uplink CCs

Therefore, it is proposed that RAN1 should send LS to RAN4 in order to request RAN4 feedback. 
4. Conclusion

This contribution described our views on UE categories in Rel. 10.
· Basic idea for Rel. 10
· In general, the number of UE categories should be limited as much as possible

· Limited number of UE categories in Rel. 10
· Higher UE categories should be introduced in Rel. 11 and later according to market demands.

· Support for highest performance UE to identify the potential performance of LTE-Advanced
· UE categories in downlink
· New UE categories with higher maximum data rate, i.e., “Maximum number of DL-SCH transport block bits received within a TTI.”
· Downlink carrier aggregation can be treated as a “UE capability,” i.e., no need to add any UE categories.
· Can define low class UEs using Rel.8/9 Cat. 3 or Cat. 4 with multiple downlink CC reception
· UE categories in uplink
· Maximum data rate is defined as a UE category, which is the same as in the downlink.

· Uplink layer is defined as a UE category, which is the same as in the downlink. 
· Necessity for uplink CCs should be discussed in RAN4, since it highly depends on the RF transmitter structure.
Based on the conclusion, we need to define exact numbers for UE categories within this year. Possible candidates for UE categories are described in the Appendix. 
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Appendix Possible Candidates for Rel.10
· Downlink UE Category
Table A1 shows the possible downlink UE categories. In the table, we do not need to define a new category for Cat. D1, since it is same UE category as Cat. 4 in Rel. 8/9. Furthermore, by defining carrier aggregation as a UE capability, Cat. D1’ also does not need to be defined, since this is for only Cat.4 UEs with two CC reception capability.
Table A1 – Downlink UE Category
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Table A2 shows the possible uplink UE categories. Similar to the downlink, Cats. U1 and U1’ do not need to be defined. 
Table A2 – Uplink UE Category
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Finally, Table A3 shows the new Rel. 10 UE category candidates. We note that the number of UE categories should be limited to 2 or 3 for Rel. 10 according to the above discussion. In the table, Cat. A9 is required to achieve the maximum data rate such as 1.2 Gbps in the downlink and 600 Mbps in the uplink using carrier aggregation capability of 2 CCs. We propose that we should try to choose one or two UE categories among A2 – A8 by the end of Rel. 10 timeframe.
Table A3 – New Rel. 10 UE Category Candidates
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