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1 Introduction
In RAN1#50bis, discussion took place on the Synchronized E-DCH study item ‎[2]

 REF _Ref181533793 \r \h 
‎[3]

 REF _Ref181533796 \r \h 
‎[4]

 REF _Ref181533798 \r \h 
‎[5] and a TR skeleton was agreed to capture the results of the study ‎[6]. In this contribution we discuss the different levels of E-DCH synchronization and their benefits.
2 Discussion
2.1 USTS synchronisation
In the context of USTS ‎[1], uplink DPCH from different UEs in a cell were synchronised on a 256 chip level with the aim to be able to use orthogonal codes up to SF256 in the uplink. The UL timing alignment at the NodeB receiver was controlled with a sub-chip level timing alignment mechanism, where a time alignment command could be transmitted once every 10ms by stealing one TPC bit per radio frame. 

After significant work in 3GPP, it was concluded not to introduce USTS into the 3GPP specifications, mainly because of code limitations experienced as a consequence of the usage of one uplink scrambling code per cell and one orthogonal code tree per cell which is shared between all UEs. In other words, interference limitation was replaced by code limitation, which made the introduction of USTS less attractive.

2.2 E-DCH synchronisation for TDM operation

With the new study item on Synchronised E-DCH, the idea of UL synchronisation is considered again, but now in the context of E-DCH operation with scheduled packet transmissions and the use of higher order modulation in the uplink.

Due to the increased noise rise with high data rate uplink transmissions, in a typical case only a relatively small number of high data rate transmissions can be scheduled in a cell. In addition, there will be users with low to medium scheduled and non-scheduled transmissions, such as e.g. VoIP users.

While the transmission instances of non-scheduled data are hard to co-ordinate, it may be desirable to avoid overlapping transmission instances for high data rate users. To achieve this, at least a relatively coarse time alignment on a TTI level would be necessary. This can be done by setting the value of (F-DPCH for a high rate UE such that the TTIs of high rate users are aligned. The NodeB can track deviations in uplink timing in a similar way as with USTS, and the NodeB or the RNC can control the F-DPCH slot format and the value of (F-DPCH in steps of 256 chips, which then results in an adjustment of the corresponding uplink timing for E-DCH. In addition, the NodeB could adjust the E-DCH transmission timing on a chip level.
As a result, it is possible for the NodeB scheduler of the serving cell to time multiplex high data rate users, which is especially attractive for several reasons. First, scheduling users one at a time allows for higher system throughput, as the sum of the user rates can be larger when users are orthogonal. Second, TDM scheduling facilitates advanced NodeB receiver structures with the possibility for interference cancellation of the high data rate users for the medium and low data rate users. This would improve e.g. the VoIP capacity in the presence of high data rate E-DCH users in a cell. 

An open issue for further study is whether coarse synchronization on the order of 256 chips is sufficient.  While transmissions cannot be made perfectly orthogonal in dispersive channels, synchronization finer than 256 chips may be helpful.

2.3 E-DCH synchronisation with code sharing

Synchronisation of E-DCH transmissions on a 256 chip level with close sub-chip level timing adjustments and Walsh code sharing under one scrambling code as studied for USTS is another possibility that also allows for TDM operation. 
The close tracking of uplink timing with special time alignment commands punctured into the F-DPCH is a possibility, but the challenge remains that the uplink can only be aligned towards the serving NodeB. More concerning is the limitation in Walsh codes, if all UEs have to share the same Walsh code tree in the uplink. Of course, the usage of multiple scrambling codes is thinkable, but this comes with the price of losing orthogonality. 
The impact on the specification is somewhat larger compared to simply enabling TTI level alignment with TDM as discussed in section 2.2. We also note that not only the E-DPDCH from all participating UEs would need to be code multiplexed, but also all the control channels (HS-DPCCH, E-DPCCH, DPCCH). The code allocations used in the current specifications for uplink control channels and E-DPDCH are hand-optimised with respect to minimum PAPR/CM. Uplink code multiplexing would result in rather different code allocations, with the consequence of degraded PAPR/CM and thus larger back-off and reduced coverage. 
3 Conclusion
In the light of the discussion above, it is our current view that the additional gain of chip-aligned code sharing over TTI level uplink synchronisation is expected to be rather small, especially compared to the impact on the specification of uplink code allocation. 
Thus, in our opinion, TTI level uplink synchronisation with an accuracy of 256 chips or possibly finer for high uplink data rate users seems to be a promising approach for E-DCH. We propose to capture this approach in the TR ‎[6].
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