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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1] and RAN1 is the leadership of this SI. The technologies for DCH enhancement may significantly reduce the transmit power consumption and hence increase the overall system capacity. However, the maximum number of active users per cell is also constrained by the available OVSF code resource, especially in the downlink direction. This contribution presents an analysis on this issue, and discusses possible remedies based on the Time Division Multiplexing (TDM)-based technology. 
2
Discussion
2.1
Problem Description
Technologies such as receive diversity (RxD), interference cancellation, and the recently proposed DCH enhancements [2][3][4] have been proved to significantly reduce the required transmit power and allow base station to support more and more active users simultaneously. However, the maximum number of supported users per cell is also constrained by the channelization (OVSF) code resource. In current specification, one user occupies one OVSF code, and with the maximum spreading factor (SF) of 256 the maximum number of CS voice users per scrambling code is 256 (not considering control channels, HSPA services and other 3G services). In reality, for the sake of smaller power allocation, spreading factor 128 is the most common setting for AMR+DCCH applications, which means an even tighter constraint on the cell capacity(i.e. less than 128 users per cell). 

The use of secondary scrambling code is one remedy being specified by current spec to address the above issue. However, due to non-orthogonality between the two scrambling codes, huge interference is introduced between users on primary scrambling code and secondary scrambling code. 

2.2 
The Concept of Time/Code-Division Multiple Access 
Assuming all channelization codes can be used for voice transmission, the effective number of CS voice users per scrambling code is 128 (128 codes x 1 user/code) when SF128 is used. However, if one SF64 code is shared by 3 users, the number of effective users becomes 192 (64 codes x 3 users/code), which means one scrambling code can support 192 users without loss of OVSF code orthogonality. The code rate loss is roughly 3/(128/64) = 1.5 ≈1.76dB, which can be compensated by removing the dedicated pilot fields as proposed in [2] and [3]. Although the opportunity of data transmission for one user is now once per 3 slots, the control part can still be transmitted at each slot to guarantee a smooth uplink control. The concept of time-slot division for 3 users is illustrated in Figure 1. 
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Figure 1 - Illustration of time-slot division for 3 users in 1 channelization code with SF=64
In reality, control channels also occupy the channelization code resource. Assuming one SF16 code is reserved for the common control channels, for legacy system the effective number of CS voice users per scrambling code now becomes 128 -8 = 120 (assuming no HSPA users). With TDM, the number of effective users becomes 120x3/2=180. 
When considering HSDPA service as well and assuming 10 SF16 codes are reserved for HSDPA users, for legacy system the effective number of CS voice users per scrambling code becomes at most 40. With TDM the number of maximum effective users can increase to 40x3/2 = 60 users. 
3
Conclusions

Proposal: It is proposed that RAN1 discuss the problem of limited channelization code resource, and evaluate the feasibility of DPCH time division mulplexing mechanism proposed in this contribution. 
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