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1. Introduction
The purpose of this document is to discuss UE capabilities for E-DCH. Following the RAN1 telephone conferences it was agreed that UE capabilities will be characterized by the TTI size, the maximum data rate and the SF/code combination. Also RAN1 agreed that DCH max data rate = 64 kbps will be the working assumption when DCH is used simultaneously with EDCH.

In this proposal we describe the different parameters forming part of the UE capabilities, and the dependency with features from previous releases. We propose to discuss and agree on the number of categories and maximum data rate for each of these categories. 
2. E-DCH UE Characteristics
UE capability classes (CCs) will be characterized by the following issues:

1) TTI size (10ms only, 2 and 10ms);
2) Maximum data rate;
3) Code/SF combination (SF2, SF4, combination of SF2 and SF4);
As was done for HSDPA, the Enhanced Uplink feature should be a UE capability.

2.1  TTI size

The support of 2ms TTI size depends on UE categories in the specifications for the E-DCH while 10ms TTI size is considered mandatory.  The 2ms TTI allows reduced latency compared to the 10ms TTI and has been shown to achieve higher throughput. All control channels are based on 2ms TTI where 5x repetition of the 2ms TTI is used to effectively achieve 10ms TTI.
With regards to the advantages linked to the use of 2 ms TTI, we consider that only the lowest UE category be divided in 2 sub-categories: one sub-category supporting 10 ms TTI only, while the other sub-category will support both 10 ms and 2 ms TTI. For all other UE categories, both 2 ms and 10 ms TTIs should be supported.
2.2  Maximum UE data rate

The maximum or peak data rate that is supported by a UE for E-DCH is determined by the number of E-DPDCHs supported (1, 2, or 4) and the minimum SF (2 or 4). Several possibilities for UE capabilities with regard to peak rate are listed in Table 1 below.
Table 1 – E-DCH Peak Rate (no coding) cases as possible UE capabilities

	E-DCH Peak
	Peak
	2ms TTI MAC-e Buffer size
	10ms TTI MAC-e Buffer size

	Rate Cases
	Rate
	(TTI size x PkRate x Nmax)
	(TTI size x PkRate x Nmax)

	
	(Mbps)
	(bits)
	(bits)

	1 E-DPDCH  (1xSF4)
	0.96
	15360
	38400

	2 E-DPDCH (2xSF4)
	1.92
	30720
	76800

	2 E-DPDCH (2xSF2)
	3.84
	61440
	153600

	4 E-DPDCH (2xSF2+2xSF4)
	5.76
	92160
	230400


Assumes Nmax = 8 for 10ms and Nmax = 4 for 2ms

2.3  DCH support when E-DCH configured
RAN1 concluded that the DCH rate be limited to 64kbps when E-DCH is configured. We believe this is sufficient and therefore propose that RAN2 confirm this decision.
2.4 Examples of E-DCH UE Capability Categories

Table 2 below shows potential UE capability categories based on the previously described UE capability characteristics. 

Table 2 – List of potential UE Capability Categories
	 UE CC 
	TTI 
	Max E-DPDCH 
	EDCH Peak 

	Cases
	Size 
	configuration 
	Data Rate

	 
	(ms)
	 
	(Mbps)

	1
	10
	1xSF4
	0.96 

	1a
	2&10
	1xSF4
	0.96 

	2
	2&10
	2xSF4
	1.92 

	3
	2&10
	2xSF2
	3.84

	4*
	2&10
	2xSF4 + 2xSF2
	5.76


* WG1: DCH can not be supported simultaneously when using 2SF2+2SF4.
2.5  Dependency with HSDPA

The following combinations of HSDPA and E-DCH support are possible:

· No support for E-DCH and HSDPA: Some Rel6 UEs will support neither of the features.

· Support of HSDPA only: We believe a Rel6 UEs should be able to support only HSDPA;

· Support of HSDPA and E-DCH: We recommend that Rel6 UEs that support E-DCH should be able to support simultaneously HSDPA and E-DCH.

We believe there is no value in having a UE supporting E-DCH only, therefore we recommend that the standard does not need to support this kind of UE.

When a mobile supports both HSDPA and E-DCH, it would be beneficial for the UE to be able to indicate different HSDPA and E-DCH capability categories for simultaneous operation. This allows a UE architecture that shares memory and processing resources between HSDPA and E-DCH. For example,  a UE could support HSDPA only at 10.2 Mbps (category 9) and E-DCH only at 5.76 Mbps (category 4) but when HSDPA and E-DCH are operating simultaneously the HSDPA data rate would fall back to 7.3 Mbps (category 8) and the E-DCH data rate would fall back to 1.92 Mbps (category 2). To permit this the following UE capability parameters would have to be reported by the UE:
· HSDPA category for HSDPA only operation - this is the existing parameter as defined in release 5
· E-DCH category for E-DCH only operation
· HSDPA category for HSDPA/E-DCH simultaneous operation
· E-DCH category for HSDPA/E-DCH simultaneous operation
This does not preclude a UE implementation that reserves independent memory and processing resources for HSDPA and E-DCH operation. Such a UE would just signal the same category for HSDPA or E-DCH only operation as for HSDPA/E-DCH simultaneous operation.
An alternative approach that could be considered would be to signal a single combined parameter for HSDPA/E-DCH simultaneous operation. A mapping from this parameter to the corresponding HSDPA and E-DCH categories would be have to defined within 25.306.

Note that it is possible for the UE to change its HSDPA or E-DCH category by sending a UE Capability message. Therefore a UE could decide to reduce its supported categories when HSDPA/E-DCH are configured simultaneously. The addition of two new parameters for HSDPA/E-DCH simultaneous operation can be seen as a signalling enhancement - i.e. reduced latency and signalling overhead.
3. Buffer sizes

· In HSDPA the DL RLC AM and MAC-hs buffer size requirements jointly determined the total UE buffer size [1].

· As indicated in section 2.4, we believe that all UEs supporting E-DCH (HSUPA) should also support HSDPA. 
· Therefore, the parameter “Total RLC AM and MAC-hs buffer size” should be re-used.

· The MAC-hs values used to calculate the Total buffer size are kept unchanged [1].
· The UE RLC DL buffer values used for HSDPA are kept unchanged. Therefore only the UE RLC UL buffer values need to be calculated and added to the values found for HSDPA “Total RLC AM and MAC-hs buffer size”.

· In order to be aligned with what was done for HSDPA, the assumptions of RLC RTD = 150ms with a maximum of 1 RLC retransmission is kept.
UE RLC UL buffer size:

· Category 1 = 0.96 Mbps:

[0.15*(0.96*106)]/8192 = 17 Kbytes

· Category 2 = 1.92 Mbps:

[0.15*(1.92*106)]/8192 = 35 Kbytes
· Category 3 = 3.84 Mbps:

[0.15*(3.84*106)]/8192 = 70 Kbytes
· Category 4 = 5.76 Mbps:

[0.15*(5.76*106)]/8192 = 105 Kbytes
It should be noted that that this is a very simple calculation based on the worst case assumption that the UE is continuously scheduled at its peak data rate and the transmissions are successfully received after only one HARQ transmission. In practice, the data rate experienced by the UE is likely to be significantly lower.
Therefore, based on the values agreed for HSDPA , and the new values calculated for the UE RLC UL buffer size, we can calculate the new “Total RLC AM and MAC-hs buffer size” when E-DCH is used simultaneously to HSDPA. These values are shown in Table 3.
We consider that a UE supporting a maximum DL rate of 1.2 Mbps will only support a relatively low rate on the UL. Therefore, we have only calculated two combinations with DL = 1.2 and UL = 0.96 and 1.92.
In the previous section we introduced the idea of HSDPA and E-DCH categories for simultaneous HSDPA/E-DCH operation. As the buffer size calculation is based on the simultaneous operation, it is these categories that should be used to determine the required buffer size from Table 3.
Table 3 – Total RLC AM and MAC-hs buffer size (Red – Rel 5, Green –HSUPA RLC)
	
[image: image1]
	1.2
Mbps
	3.6
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	10.1
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	0.96 Mbps
	26+17=43.1
50

	82 + 17 =99
100
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150
	235 + 17 = 252
200
	6

	1.92
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50

	82 + 35 = 117

100
	164 + 35 = 199

150
	235 + 35 = 270
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	6

	3.84

Mbps
	Not
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100

	164 + 70 = 234

150
	235 + 73 = 305

200
	6

	5.76
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150

	164+105 = 269

200
	235+105 = 341

250
	6

	No E-DCH
	26
50


	82
50
	164
100
	235

150
	6


* numbers highlighted in yellow indicate total UE buffer size after accounting for HSUPA.
4. Conclusion

This document proposes the following:

1. Introduce 4 UE categories for E-DCH as shown in Table 2.

· 4 different categories according to maximum data rate.

· The Lowest category is divided in to 2 subcategories according to whether 2ms & 10ms TTI is supported or only 10ms TTI is supported.
2. All categories assume the uplink DCH data rate is limited to 64kbps when E-DCH is configured for the radio link.
3. Separate signaling of the following parameters in order to allow for UE architectures that share memory and processing resources for HSDPA and E-DCH:
-  HSDPA category for HSDPA only operation (already signaled today)
-  HSDPA category for HSDPA/E-DCH simultaneous operation
-  E-DCH category for E-DCH only operation
-  E-DCH category for HSDPA/E-DCH simultaneous operation.
4. All categories assume additional RLC buffering relative to Release 5 to account for HSDPA used concurrently with E-DCH.
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Annex A - Subset of HSDPA Capability Categories
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Annex B – UE RLC DL buffer size for RTD = 150 ms and MAC-hs reordering buffer sizes from [1]
	Class
	UE RLC DL buffer (kbytes)
	MAC-hs reordering buffer (kbytes)
	DL buffer

	1.2 M
	22.5
	3.6
	26.1

	3.6 M
	67.5
	14.4
	81.9

	7.2 M
	135
	28.8
	163.8

	10.2 M
	192
	43.2
	235
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