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1. Introduction

Based on the approved work plan [1], it is RAN4’s responsibility to investigate the impact of the RF aspects on the UE category definition. This contribution discusses some considerations on this topic.  
2. Discussion

2.1 Background
Till Rel-8, the definition of the UE category is a joint effort between RAN1 and RAN2. Due to the introduction of carrier aggregation in Rel-10, it is assumed that the UE category can not be fully determined based on the baseband processing ability and some RF parameters need to be considered as well.
Before the analysis of RF aspects, it is better to recall some rules and constraints regarding the definition of the UE category. The main reason to introduce the UE category is to reflect the diversity of the market where different UE aspects such as the peak date rate, the size and the cost are preferred and prioritized. Different market segments will be better represented by a larger range of UE categories; however, a larger range of UE categories also has extra cost. The two main constraints on the numbers of UE categories are:
(1) The cost and the complexity for the interoperability test
(2) The signalling overhead for transmitting UE capabilities information
In Rel-8 [2], only five UE categories are defined which well satisfies the above two constraints. However in HSPA there are more than 10 different UE categories, which results in a large combination of capabilities and extra effort was required to ease the test complexity. Additionally regarding the second constraint, signalling overhead, it is not a big problem for Rel-8 since the UE category together with most of UE category independent parameters are transmitted once after power on. It contrasts with UTRAN where a UE needs to transmit UE capability information when a UE transits from idle state to connected state. Therefore the corresponding signalling amount could be a concern for UTRAN. 

In Rel-10 due to the carrier aggregation, the UE category definition needs to consider RF related parameters which were not extensively considered in Rel-8 before. These parameters are listed below:
(1) Carrier aggregation type – for Rel-10, we may only consider intra-band contiguous and inter band CA
(2) Number of DL and UL bands/total bandwidth
(3) Number of Tx/Rx chains  

The question is how to deal with these parameters in the UE category definition to achieve the target – defining the UE category with reasonable size and providing enough granularities for market segments simultaneously.  We need to study which parameters need to be incorporated in the UE category definition and which parameters should be excluded and how to incorporate a particular parameter into UE category definition. 
2.2 Possible way forward
In contributions [4] [5], the carrier aggregation type is used as the main separator for the UE category definition, i.e., several main UE categories are defined based on the carrier aggregation type, then within each main UE category we define several sub UE categories based on other parameters such as total DL/UL bandwidth. One concern regarding this method is when taking into account other RAN1 parameters such as modulation type and MIMO capabilities which influence the UE category, in the end we may get a very large number of UE categories. The second concern is if a UE could support inter band carrier aggregation, it could support intra band contiguous carrier aggregation as well. Hence the carrier aggregation type needs to combine with other parameters to provide unambiguous UE category classification.  Our understanding regarding the intention to differentiate the intra band contiguous and inter band CA to two main UE categories is to reflect some difference in the RF architecture. For instance one Tx chain could support intra band contiguous CA whereas multiple Tx chains are required for inter band CA [6]. Therefore we think the number of Tx/Rx chains is a better parameter with which to replace the carrier aggregation type. This parameter will also decouple the number of carriers supported by the DL/UL. Additionally, the default of the transmission and receiver bandwidth per Tx/Rx chain is 20MHz in Rel-8 although some practical restrictions may add on top of it. It suggests that this default is reused in Rel-10. 

Alternative 1: consider using the number of Tx/Rx chains as a parameter; the UE category definition could be based on this parameter combined with other RAN1 parameters
Another way to define the UE category is based on the maximum data rate which could be supported by MAC layer. This data rate is a summation of the data rate supported per carrier over all component carriers. Through this way, the data rate differentiating each different UE category is an aggregation level across all component carriers, how to define UE category is again a RAN1/2 issue. One advantage of this method is the principle behind UE category definition is consistent with that of Rel-8 however the price is the difference of RF can not be directly reflected. This disadvantage could be compensated by adding RF related parameters such as the total number of supported carriers into the UE category independent parameter set.
Alternative 2: Defining the Rel-10 UE category based on the total aggregated data rate and including other RF related parameters such as the number of DL/UL carriers into the UE category independent parameter set.
Finally, a single carrier way could be used to generate the UE category, i.e., a base UE category is defined based on one carrier then using this base UE category to generate Rel-10 UE category. The advantage is that the UE category defined in Rel-8 could be utilized directly to form the base UE category. To define the Rel-10 UE category, we could use the base UE category multiplied by the number of DL/UL carriers. One drawback of using this way is that the data rate per carrier is fixed which reduces the flexibility of the system hence it should be careful if using this way. Additionally it is also not easy to control the size of the Rel-10 UE category.

Alternative 3: Defining a base UE category set based on single carrier (Rel-8 UE category could be reused here) and generating the final UE category by multiplying the base UE category with the number of DL/UL carriers.
3. Conclusion

In this contribution, several methods to define Rel-10 UE category are proposed and their relative advantages and disadvantages are also analyzed. We suggest these alternatives, especially the second alternative, should be further investigated by RAN4 during the UE category study.
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