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1 Introduction
This document considers the UE capabilities for 3.84Mcps TDD E-DCH. The method of deriving the UE capabilities is derived based on the method applied for FDD [1,2].
2 3.84Mcps TDD Physical Layer Categories

The 3.84Mcps TDD physical layer categories are derived using similar assumptions as for FDD, namely:

· the maximum code rate is assumed to be approximately 0.75 apart from the highest category UE where the code rate is close to 1.

· the “maximum number of bits of an E-DCH transport block transmitted within a 10ms E-DCH TTI” is always a transport block size that can be signaled via MAC-e transport block size signaling [3].

· the amount of physical resource that the UE is required to transmit is constrained for each UE capability.

· UE capabilities are agglomerated into “UE categories. Five UE categories are defined that achieve a balance between matching the FDD UE capabilities, matching the 3.84Mcps TDD UE capabilities and accounting for the specifics of the TDD E-DCH uplink (such as the support of 16QAM in the uplink).

2.1 Maximum data rates

The proposed maximum data rates supported by E-DCH for 3.84Mcps TDD are:
· 1.2Mbps. This data rate is naturally supported in two timeslots at SF1 at code rate close to 0.75. This data rate aligns with the maximum data rate of a category 1/2 3.84Mcps TDD HSDPA UE. The data rate supported is close to the rate supported by a category 2/3 FDD E-DCH UE (1.4 - 1.45Mbps).
· 2.4Mbps. This data rate is naturally supported in four timeslots at SF1 and aligns with the maximum data rate of a category 3/4 3.84Mcps TDD HSDPA UE. The data rate supported is close to the rate supported by a category 4/5 FDD E-DCH UE (2.0 - 2.9Mbps).

· 3.6Mbps. This data rate is naturally supported in six timeslots at SF1 and aligns with the maximum data rate of a category 5/6 3.84Mcps TDD HSDPA UE. Although there is no equivalent capability for FDD E-DCH, this UE category is considered to be highly relevant to TDD since it is natural to consider a TDD deployment with 12 traffic timeslots (out of 15): it seems natural to be able to assign half of these timeslots (6) to uplink and half (6) to downlink - in this case, it is desirable for there to be a UE capability that allows peak uplink throughput to be assigned to an individual UE (and a 3.6Mbps UE requires 6 timeslots to achieve maximum data rate at a code rate close to 3.6).
· 5.3Mbps. This data rate is naturally supported in eight timeslots at SF1 and aligns with the maximum data rate of a category 7 3.84Mcps TDD HSDPA UE. The data rate supported is close to the rate supported by a category 6 FDD E-DCH UE (5.76Mbps).

· 9.2Mbps. This data rate is the maximum data rate that can be supported in 12 timeslots, assuming 16QAM,adhering to the allowed transport block size signaling and using a code rate close to 1.
2.2 Maximum physical resource

The maximum physical resource for FDD E-DCH is controlled by controlling the “minimum spreading factor” and “maximum number of E-DCH codes transmitted”. It is desirable to restrict the maximum amount of physical resource that can be transmitted as this allows the transport channel processing chain of the UE to be dimensioned.

It is proposed that 3.84Mcps TDD UEs are restricted in terms of the maximum number of physical channel bits that can be transmitted in a TTI (Ndata). Defining the physical resource limitation in this way allows flexibility in the network as to whether code-centric (multiple UEs are scheduled in a timeslot) or timeslot-centric (multiple UEs are scheduled in a code) scheduling is applied. 

The maximum number of physical channel bits that can be applied to E-DCH transmissions is derived based on the physical resources for the UE categories described in section 2.1. The maximum number of physical channel bits is calculated based on the most demanding allocation of physical resource in terms of transport channel processing. For example for a 1.2Mbps UE, the allocations in Figure 1 are considered to be equivalent. The physical resource required for each of these allocations is:
· SF1 in 2 timeslots: Ndata = 7680 + 8832

· SF2 in 4 timeslots: Ndata = 3808 + 3 ( 4416 = 17056

· SF4 in 8 timeslots: Ndata = 1872 + 7 ( 2208 = 17328

Hence for the 1.2Mbps UE, the maximum number of physical channel bits that can be transmitted in a TTI, Ndata, is 17328.

Application of this philosophy produces the “maximum number of physical channel bits that can be transmitted in a 10ms TTI” shown in Table 1 for each UE category. Note that in this table, the “Maximum number of bits of an E-DCH transport block that can be transmitted within a 10ms E-DCH TTI” is a transport block size that can be signaled [3] that is close to the required maximum data rate from section 2.1.
Table 1 - 3.84Mcps TDD E-DCH physical layer categories

	E-DCH category
	maximum number of physical channel bits on E-UCH that can be transmitted in a 10ms TTI
	Maximum number of bits of an E-DCH transport block that can be transmitted within a 10ms E-DCH TTI

	Category 1
	17328
	12146

	Category 2
	34720
	24161

	Category 3
	52384
	36782

	Category 4
	69504
	53896

	Category 5
	104832
	92014


It is assumed that all capability UEs are able to transmit E-DCH in any number of timeslots and with spreading factor between 1 and 16 subject to the “maximum number of physical channel bits that can be transmitted in a 10ms TTI” restriction.
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Figure 1 - Equivalent allocations for a 1.2Mbps UE

2.3 E-DCH as a capability
As for FDD, it is proposed that support for E-DCH is a UE capability. It is also assumed that a UE that supports E-DCH also supports HSDPA (there will be no UEs that support only E-DCH).

2.4 Support for simultaneous DCH

When operating with an E-DCH, the maximum capability DCH that can be simultaneously configured is 64kbps as per FDD. As for FDD, this capability is signaled with the parameter “UL DPCH capability with simultaneous E-DCH”.

3 L2 capability

For FDD, the L2 capability “Total RLC and MAC-hs parameters for FDD HS-DSCH and E-DCH” is a joint capability shared between the buffer requirements for HSDPA and the buffer requirements for E-DCH [1]. It is proposed that a similar approach is adopted for 3.84Mcps TDD.

Following the approach of [1], the required total buffer size is:

L2 buffer size = MAC-hs buffer size + DL RLC buffer size + UL RLC buffer size

Assuming a 150ms RTT (as for FDD), the L2 buffer size may be calculated as: 
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(1)
The above equation is strictly only applicable for low to medium DL and UL data rates (an DL data rate of 2.4Mbps and an UL data rate of 2.4Mbps requires 4 + 4 = 8 timeslots at 16QAM / rate 0.75 and is feasible, but an DL data rate of 5.3Mbps and an UL data rate of 5.3Mbps requires 8 + 8 = 16 timeslots at 16QAM / rate 0.75 and is clearly unfeasible within the 3.84Mcps TDD frame). Hence the above equation must be modified to account for the fundamental restriction in the number of timeslots (where 10.2Mbps is the maximum data rate that can be supported in either uplink or downlink [4]):
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As for FDD, the L2 buffer size calculated above is rounded up to a L2 buffer size that can be signaled: {2, 10, 50, 100, 150, 200, 300, 400, 500, 750, 1000} Kbytes.
Note that despite the fact that it is not feasible to simultaneously support e.g. 5.3Mbps in both uplink and downlink in the same frame, it should be possible for a UE to have the capability to support 5.3Mbps in both uplink and downlink (such that if the UE roams onto a network with a many downlink slots, it can support a high downlink data rate whereas if it roams onto a network with many uplink slots, it can support a high uplink data rates).
The MAC-hs buffer sizes for 3.84Mcps TDD are calculated in [5] and [6] and are repeated in Table 2 for the sake of convenience.
Table 2 - MAC-hs buffer sizes for 3.84Mcps TDD HSDPA categories

	UE Category (data rate)
	MAC-hs buffer size (Kbytes)

	Category 1&2 (1.2 Mbps)
	15.0

	Category 3&4 (2.4 Mbps)
	30.0

	Category 5&6 (3.6 Mbps)
	45.0

	Category 7 (5.3 Mbps)
	66.25

	Category 8 (7.3 Mbps)
	91.25

	Category 9 (10.2 Mbps)
	127.5


Based on the MAC-hs buffer sizes and equation (2) above, the total MAC-hs and RLC buffer sizes for 3.84Mcps TDD UEs are calculated as shown in Table 3. The total MAC-hs and RLC buffer sizes are rounded up to one of the values {2, 10, 50, 100, 150, 200, 300, 400, 500, 750, 1000} Kbytes and are shown highlighted in this table.
Table 3 - Total RLC and MAC-hs parameters for 3.84Mcps TDD HS-DSCH and E-DCH physical layer categories

	HS-DSCH category

E-DCH category
	Categories 1 / 2 [Kbytes]
	Categories 3 / 4 [Kbytes]
	Categories 5 / 6  [Kbytes]
	Category 7 [Kbytes]
	Category 8 [Kbytes]
	Category 9 [Kbytes]

	Category 1
	[15+44 = 59]
100
	[30+66 = 96]
100
	[45+88 = 133]
150
	[66+119 = 185]
200
	[91+156 = 247]
300
	[127+187 = 313]
400

	Category 2
	[15+66 = 81]
100
	[30+88 = 118]
150
	[45+110 = 155]
200
	[66+141 = 207]
300
	[91+178 = 269]
300
	[127+187 = 313]
400

	Category 3
	[15+89 = 104]
150
	[30+111 = 141]
150
	[45+133 = 178]
200
	[66+164 = 230]
300
	[91+187 = 278]
300
	[127+187 = 313]
400

	Category 4
	[15+120 = 136]
150
	[30+143 = 173]
200
	[45+165 = 210]
300
	[66+187 = 253]
300
	[91+187 = 278]
300
	[127+187 = 313]
400

	Category 5
	[15+187 = 202]
300
	[30+187 = 217]
300
	[45+187 = 232]
300
	[66+187 = 253]
300
	[91+187 = 278]
300
	[127+187 = 313]
400
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