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1. Introduction
A Study Item on Synchronised E-DCH was approved at RAN plenary #37. The aim of the study item is to study whether basestation resource scheduling offers a potential for improving the Uplink by means of using OVSF user separation that was not available during the time of the Uplink Synchronous Transmission Scheme. Since the Release 5 study item, additional physical layer control channels have been added to the HSPA uplink. Thus it is necessary as part of the current study item to check that the concept can accommodate a reasonable number of users and the accompanying control channels.

This paper presents an analysis of the bounds on the number of users and achievable cell throughput imposed by code tree restrictions taking the simple assumptions that:

· A single OVSF code tree is available per cell
· Every user is allocated a unique set of codes for his control channels; i.e. no attempts are made at control channel sharing

· E-DPDCH code space is allocated by the scheduler

2. OVSF code tree allocations

The granularity of code allocation depends on the maximum allowable spreading factor. Considering a 2msec TTI for synchronised E-DCH, it may be useful to restrict the maximum S-EDCH spreading factor to 16, as this will limit the number of code/SF combinations to be less than 32. Max SF16 corresponds with the maximum spreading factor for HSDPA.
We assume that the maximum spreading factor used in combination with the 2msec TTI is 16, and that the code allocations that may be assigned to a terminal are as follows (assuming QPSK or 16QAM): SF16, SF8, SF4, SF2, SF2+SF4. In general, it is preferable not to I/Q multiplex two users using the same OVSF code due to I/Q leakage.
OVSF codes must also be reserved for control channels. In general, a user may be allocated codes for DPCCH, E-DPCCH & HS-DPCCH. DPCCH is transmitted on either the I or the Q branch, but no further data can be transmitted on the other branch. E-DPCCH & HS-DPCCH can be I/Q multiplexed. Thus, each user requires potentially 2 *SF256 OVSF codes for control; one for DPCCH and the other for E-DPCCH & HS-DPCCH.

Table 1 indicates the impact of the proportion of the code space reserved for control channels on the number of supportable users, the peak throughput for a single user and the maximum achievable cell throughput. Also indicated is the number of code combinations. For example, if 5 SF16 codes are reserved for control channels, then the possibilities of allocatable codes are 11 at SF16 or 5 at SF8 or 2 at SF4 or 1 at SF2.
The maximum supportable peak throughput for an individual UE is that corresponding to CR=1 when SF2+SF4 and 16QAM are employed, except where 5 or 6 codes are employed for control channels, in which case the maximum single user peak throughput is assumed to be achieved using a single SF2 code and 16QAM. (An alternative may be to consider SF2+SF8).

The maximum supportable cell throughput is calculated assuming that the whole code space not used for control channels is allocated between users and all users employ 16QAM. More realistically, an indication of the cell throughput when users use on average QPSK, CR0.5 and 1.5 transmissions is shown. 

From the table, it seems that as many as 40-50 users can be supported in loaded conditions without significant risk of the uplink becoming code limited, or in unloaded conditions higher throughputs using fewer retransmissions, higher code rate or HoM can be provided.
	Equivalent no of SF16 codes reserved for control
	Number of supportable users
	Maximum supportable peak data rate on E-DPDCH (Mbps)
	Maximum possible cell throughput (Mbps)
	Supportable throughput CR 0.5, QPSK, 1.5TX (Mbps)
	Number of code combinations for E-DPDCH for a particular user if max SF16
	Maximum number of simultaneous users in a TTI

	2
	16
	11.52
	13.44
	2.24
	26
	14

	3
	24
	11.52
	12.48
	2.08
	24
	13

	4
	32
	11.52
	11.52
	1.92
	23
	12

	5
	40
	7.68
	10.56
	1.76
	19
	11

	6
	48
	7.68
	9.60
	1.60
	18
	10

	7
	56
	7.68
	8.64
	1.44
	16
	9


Table 1 Maximum supportable throughput and users in dependence of the amount of code tree reserved for control channels
3. Conclusion

Code tree restrictions should not overly restrict the number of supportable users and the supportable cell throughput for a synchronised E-DCH based on the simple assumption that each user is allocated his own set of OVSF codes for the control channels and that the E-DPDCH code space is shared by the scheduler. PAPR impacts of the resulting code combinations should be checked further.
A companion document [3] describes how the existing DL and UL channels can be utilised to allocate code/SF combinations to users, control the SF and inform the Node B of the spreading factor used for transmission.
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