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1. Introduction

For HSDPA, an approach with different UE categories were taken to facilitate different designs with respect to the buffer sizes, the number of channelization codes, and whether 16QAM is supported or not. The reason for grouping different combinations of options into UE categories was to limit the number of possible combinations. A similar approach is recommended for the enhanced uplink. The number of UE categories should, in the interest of simplicity, be kept small while at the same time allow for a wide range of UE capabilities. Furthermore, the set of categories should allow for full utilization of the physical layer capabilities. Separate UE capabilities, not included in any of the categories, should be avoided and the only UE capability should be whether the UE is supporting the E-DCH or not.

This contribution discusses the physical layer capabilities and provides a proposal on a set of UE categories. Higher layer capabilities are not discussed herein as they are within the scope of other working groups, although it is recommended to eventually include those capabilities in the categories as well.

2. UE Categories

The main parameters impacting the implementation of the physical layer is the number of channelization codes supported and the TTI. The inter-TTI interval and the total number of soft channel bits, which were included in the categories for HSDPA, mainly affect the design of the receiver. These parameters are therefore not relevant for the E-DCH UE categories as the network can configure the UE to not exceed the capabilities of the Node B. Furthermore, it is assumed that the number of hybrid ARQ processes is neither configurable, nor a part of the UE categories.

The number of E-DPDCHs sets an upper limit on the peak data rate of an UE and has an impact on the PAR and CM for the PA. The specifications support 1(SF4, 2(SF4, 2(SF2 and 2(SF2 + 2(SF4 for the E-DPDCHs. It is proposed that these values for the basis for the UE categories.

On the TTI values, the specifications support two values, 2 ms and 10 ms, and it is agreed that 10 ms TTI is mandatory for all UEs. Our preference is to make 2 ms mandatory for all UEs as well, although allowing some categories to support 10 ms only could be considered in the interest of progressing the finalization of the enhanced uplink. The use of a short 2 ms TTI can provide benefits in (at least) two ways: reduced end-user delays and increased capacity/coverage (at a given delay budget) due to more frequent use of hybrid ARQ retransmissions. These aspects are more pronounced the higher the data rates are. In [1], it was shown that data rates above approximately 1.5 Mbit/s with TCP require a 2 ms TTI for efficient support of small-to-medium sized objects and in [5] results on the capacity gain can be found. Furthermore, as shown in [3]
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[4], there 5%-20% difference in system throughput between 1 Mbit/s and 2 Mbit/s UE peak data rate when operating with 10 ms TTI. A similar conclusion was also communicated to RAN2 in [2], where it was stated that the peak rate for 10 ms TTI should be in the order of 2 Mbit/s. With these results in mind, it is proposed to link the support of the 2 ms TTI to the UE categories such that all UEs supporting a data rate above a certain limit also support a 2 ms TTI. For UEs below this limit, two UE categories are provided for each number of channelization codes, one with support of 2 ms TTI and one with 10 ms TTI only. 

A proposal for different UE categories is provided in Table 1, where the limit has been set such that all UEs capable of more than one E-DPDCH also support 2 ms TTI. The basis for the division into categories is the number of E-DPDCHs supported in the UE, from which the maximum transport block size and the peak data rate can be computed (a maximum code rate of 1 is assumed in the table; the final value depends on the set of transport block sizes defined by RAN2).

This approach has several benefits:

· UE vendors have the flexibility to build UEs capable of 10 ms TTI only, as well as UEs capable of both 2 and 10 ms TTI

· Network vendors and operators believing a 2 ms TTI will result in a significant performance increase may deploy networks using the shorter TTI for UEs using high data rates

· All Node Bs will support 10 ms TTI as they must be able to handle at least the lower UE categories. Thus, operators not wanting to deploy 2 ms infrastructure can run their network with a single 10 ms TTI.

	Category
	Max number of E-DPDCHs
	Supported TTI values [ms]
	Maximum transport block size [bit]

	1
	1(SF4
	10
	9600

	2
	1(SF4
	2, 10
	9600 (10 ms), 1920 (2 ms)

	3
	2(SF4
	2, 10
	19200 (10 ms), 3840 (2 ms)

	4
	2(SF2
	2, 10
	38400 (10 ms), 7680 (2 ms)

	5
	2(SF2 + 2(SF4
	2, 10
	57600 (10 ms), 11520 (2 ms)


Table 1: Proposed UE categories (the transport block sizes should be aligned with the RAN2 decision on supported transport block sizes).

3. Other aspects

The current assumption in RAN2 is that one or a small number of fixed tables with different transport block sizes will be supported. Each table contains 128 different transport block sizes (limited by the 7 bits on the E-DPCCH) and which table to use is signaled with higher layer signaling. To limit the amount of padding, a typical table for 10 ms TTI could support transport block sizes up to 19200 bits (1.92 Mbit/s). The same table used with 2 ms TTI allows for full exploitation of the physical layer functionality in terms of data rates with 2 ms TTI. It is therefore desirable that any transport block tables can be used with any TTI (within the limits set by the UE categories). The transport block sizes will be discussed in RAN2 and alignment between the UE categories and the supported transport block sizes can be made once a decision is available.

In Table 1 it is assumed that all UE categories can support up to one DPDCH in addition to the E-DPDCHs (unless the configuration includes 2(SF2 + 2(SF4 in which case a DCH is not possible), i.e., the E-DCH capabilities are specified separately from the DCH capabilities. Another possibility is to define the UE categories such that a category 1 UE in Table 1 can support 1 E-DPDCH when a DPDCH is configured and 2 E-DPDCHs otherwise (similar for the other categories). It should noted though that not only the total number of uplink channelization codes but also other baseband processing affect the physical layer complexity. Hence, if this approach is taken, there would be two set of ‘Max number of E-DPDCHs’ and ‘Maximum transport block size’ for each UE category, one with and one without a simultaneous DPDCH. This approach may result in a more complicated definition of UE categories and is thus not proposed.

4. Conclusion

It is recommended to adopt the above approach when defining the UE categories and use Table 1 as a basis for the definition of the physical layer capabilities. 
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