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1
Introduction
In RAN 37, a SI [1] was recently opened to study the gains associated with synchronized E-DCH wherein the dominant paths of all the users are aligned at the NodeB receiver.

In this contribution, we discuss some of the design and practical issues related to the operation of Synchronized E-DCH on the uplink. The link performance of Synchronized E-DCH is discussed in [3].
2
Dimensioning Codes and Users
The users are designed to be orthogonal at the Node-B receiver. This is achieved by assigning the same scrambling code and different channelization codes to the UE’s. In order to preserve orthogonality, the arrival times are synchronized at the Node-B receiver.
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The number of channelization codes and consequently the number of users that can be supported depends on the spreading factor. Each UE requires orthogonal codes for the DPCCH, E-DPCCH, HS-DPCCH and E-DPDCH channels. The maximum number of users, 
[image: image9.wmf], that can be supported for a given spreading factor is the largest 
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    that satisfies the inequality
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is the spreading factor and 
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is the number of E-DPDCH channels. For example, SF=16, L=1 implies that a maximum of 13 users can be orthogonal for a given scrambling code. A new scrambling code would have to be used for additional users. 
A possible scenario where Synchronized E-DCH would yield gains is in the case of limited number of high data rate users who suffer from severe multiple access interference (MAI) due to their high operating points. However, higher data rates imply low spreading factors by design. For eg., TBS = 1500 bits transmitted in a 2ms TTI, can be rate-matched to SF=4 with L=2. Small spreading factors limit the number of users benefiting from orthogonality and the removal of the MAI. Higher order modulations are required to increase the number of users. For eg., 16QAM modulation could be used for TBS = 1500 bits in a 2ms TTI with SF=16 and L=2. This increases the number of supported users to 13. However, higher order modulations at moderate data rates are no better (and in some cases) worse than the QPSK counterpart. Thus, there is a trade-off between performance, number of users and user data rate in the case of Synchronized E-DCH.
3
Dynamic Scheduling of Codes
By eliminating interference from the dominant path of all supported UE’s, Synchronized E-DCH has the potential to improve performance on the uplink. Since the number of users supported is limited, dynamic scheduling of codes is required to ensure that the users arriving at a particular TTI share the same scrambling code. Pre-allocation of codes severely limit the gains obtained, since only a small fraction of users would be orthogonal. On the other hand, dynamic allocation implies overhead in code allocation, code synchronisation and scheduling at the Node-B and also increases downlink overhead. Design details of a dynamic code allocation scheme are not presented at this time. One example of dynamic allocation could correspond to a MAC grant message that includes the allocated codes and timing offsets, along with the scheduled T/P grant.
4
Timing Adjustment and Code Synchronization
To ensure alignment of the UE’s at the Node-B, the generation of the common scrambling code is controlled to be reset at a same reference time at the NodeB for all users. Code synchronisation is essential for maintaining orthogonality. Furthermore, algorithms may need to be specified for accurately determining and classifying dominant paths well. Furthermore, DL overhead channels would need to be introduced to carry the timing adjustment information.
5
Applicability to VoIP
There are a few reasons why Synchronized E-DCH may not be applicable to VoIP:

· We encounter the problem of dimensioning in this case. Since there are many users in the VoIP scenario, and each of them are low rate, we can expect to run out of dimensions very quickly. A possible solution to the dimension problem is the following:
· A group of users transmit in certain H-ARQ processes. These users share the same scrambling codes and have different channelization codes.
· Even then, there may be a code dimensioning issue. In that case, we have 2 potential options:
· These low-rate VoIP users are mapped to higher modulation schemes (for example 16-QAM) and lower target number of H-ARQ transmissions.
· We assign more scrambling codes to different groups of users. In this case, the benefits of Synchronized E-DCH diminish as we increase the number of groups.
· Since the Synchronized E-DCH relies heavily on scrambling/channelization code assignment, it is very difficult to ensure an orthogonal uplink for non-scheduled traffic such as VoIP.
· At high capacity, there may be an issue related to DL resource utilization to carry the DL timing control. 
6
Conclusion

Synchronized E-DCH is a technique being considered to orthogonalize the uplink in HSPA. Based on the considerations in this document, we make the following conclusions:

Synchronized E-DCH may be suitable for scenarios with 

· very few number of users transmitting at high data rates in any given TTI.

· one high data rate users and many low rate users (subject to dimension constraints) simultaneously transmitting in a given TTI.
· Single-path or non-dispersive channels.

The following procedures and mechanisms should be further investigated in the context of synchronized E-DCH:

· Dynamic code scheduling at NodeB.

· DL overhead channels to carry 
· timing adjustment and 
· scrambling code offset information to the UEs.

· Channel delay profile estimation at NodeB.
Finally, based on the analysis in section 5, see limited applicability of Synchronized E-DCH to VoIP applications as we run into code dimensioning issues in that case.
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