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1 Introduction
Two natural approaches of EDCH timing are presented here. One is defining EDCH timing of each UE according to its own downlink DPCH timing. The other is defining EDCH timing of all UEs with respect to a common downlink code channel [1]. The relationship between EDCH timing and ACK/NACK channel design, downlink signalling combination in SHO, uplink noise rise and HARQ processing are described. 

2 Aligned with downlink DPCH

For simplicity, we first specify that E-DPDCH and E-DPCCH have the same timing, just as uplink DPDCH and DPCCH in R99/4/5.

In this approach, UE’s E-DPDCH has a fixed timing offset with respect to its downlink DPCH in a similar way to uplink DPDCH. We can suppose that E-DPDCH timing is aligned with uplink DPDCH timing, that is, the E-DPDCH/E-DPCCH frame transmission takes place approximately T0 chips after the reception of the first detected path of the corresponding downlink DPCH frame from the reference cell [2]. The E-DPDCH timing offset to downlink DPCH will be maintained no matter uplink DPDCH exits or not. Here, frame length of E-DPDCH are equal to frame length of downlink DPCH, and may contain several 2ms or 10ms sub-frames.    
WCDMA is not a synchronous system; such timing design cannot ensure synchronization of downlink ACK/NACK signaling among different UEs. Therefore, this timing approach is more appropriate for ‘dedicated’ ACK/NACK channels design, not appropriate for ‘shared’ ACK/NACK channels. 
We can define each ACK/NACK channel to have a suitable offset to corresponding DL DPCH, in order to maintain orthogonal among DL physical channels. We suppose the SF of ACK/NACK channels is 256. Similar to DL DPCH offset to P-CCPCH, we set ACK/NACK channel offset from DL DPCH to be a multiple of 256 chips, i.e.,
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TTI length has no great impact on this timing method.
The offset between ACK/NACK channel and DL DPCH should also take HARQ processing into account. The figure below shows such EDCH timing of a certain UE. Here, TTI length of EDCH is 2ms. Tprop is the propagation time, Tnb is the processing time of E-DPDCH received at Node B, and Tue is the processing time of ACK/NACK received at UE.  
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Figure 1  EDCH timing aligned with DL DPCH
The following figure shows the time difference between two asynchronous UEs in the same cell.
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Figure 2  Time difference between two asynchronous UEs by the first timing approach
This timing approach naturally adopts the old rules of uplink DPDCH/DPCCH in R99/4/5. It also inherits the advantages of the old rules. For example, in SHO, several Node Bs in UE’s active set should feedback ACK/NACK signaling to it, and the UE should collect all received ACK/NACKs to know if its last E-DPDCH was received correctly or not. The time of waiting all these ACK/NACK signaling from the Node Bs in the active set should be as short as possible. We know the receiving time of DL DPCHs from all Node Bs in the active set can be limited in a short time window by select suitable offset between DL DPCH and corresponding P-CCPCH [2]. In this timing method, each ACK/NACK for the UE has a fixed offset to its DL DPCH of the same Node B. Consequently, the receiving time of ACK/NACK signaling from these Node Bs can also be limited in a short time window. At the same time, it does not change the time relationship between ‘E-DPDCH—ACK/NACK—E-DPDCH’ and maintains the HARQ processing timing. 
This method may result in noise rise peaks caused by the partial overlap between E-DPDCH transmitted from different UEs. This ‘partial overlap’ problem of E-DPDCH may be more serious than that of DPDCH in R99/4/5. 
Summarily, in this approach,
- E-DPDCH and E-DPCCH of the same UE have no time difference, just as DPCCH and DPDCH in R99/R4/R5;
- E-DPDCH has a fixed timing offset with respect to its corresponding downlink DPCH; Specially, it can have the same timing with UL DPDCH.
- ACK/NACK channel timing has a fixed offset from corresponding DL DPCH; the offset is a multiple of 256 chips;
3 Aligned with P-CCPCH
We first specify that E-DPDCH and E-DPCCH have the same timing as above.
This timing approach ensures the ACK/NACK transmitted from the same Node B to be synchronous. It is more appropriate for ‘shared’ ACK/NACK channel design. 

In this approach, ACK/NACK channel has fix offset to a common downlink code channel—P-CCPCH so that EDCH timing at Node B can be aligned to a certain extent. We can suppose that downlink ACK/NACK timing is identical with P-CCPCH. 
Time difference between E-DPDCH and uplink DPDCH should be times of 256 chips, to maintain orthogonal of all uplink physical channels of the same UE, i.e., 
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Now we cannot ensure uplink E-DPDCH from different UEs to be synchronous. However, Time difference of E-DPDCH between different UEs should be as small as possible, to decrease the noise rise peaks caused by the partial overlap between E-DPDCH transmitted from different UEs. This can be achieved by selecting suitable ‘n’ value between each UE's E-DPDCH and its own DPDCH. It can limit the time difference of E-DPDCH from different UEs to less than 256 chips. At the same, enough time should be left for HARQ processing of each UE.  
This timing approach of EDCH is similar to that of HSDPA. HS-SCCH is a shared channel and has to be aligned with a common downlink channel. If ACK/NACK channel is shared (i.e., in T+R scheduling case), its timing should be designed similarly.  
When HSDPA and HSUPA coexist, the timing of EDCH should not be necessarily aligned with HS-DPCCH, since total processing time of HSDPA and that of HSUPA may not be the same. However, we can select suitable HARQ parameters, such as number of HARQ process, to make their timing aligned. In this case, E-DPDCH is aligned with HS-DPCCH, and ACK/NACK is aligned with HS-SCCH [3]. 
TTI length will influence this kind of timing. To avoid complex processing, we suppose that the ACK/NACK signaling of the UEs with 2ms TTI are carried on different ‘shared’ channel(s) from that of the UEs with 10ms TTI.
This EDCH timing of a certain UE is shown below. Here, TTI length of EDCH is 2ms. Tprop is the propagation time, Tnb is the processing time of E-DPDCH received at Node B, and Tue is the processing time of ACK/NACK received at UE.
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Figure 3  EDCH timing aligned with P-CCPCH
The following figure shows the time difference between two asynchronous UEs in the same cell.
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Figure 4  Time difference between two asynchronous UEs by the second timing approach
In this method, E-DPDCHs transmitted from different UEs have smaller time difference. It results in smoother interference variation than the first timing method.

In SHO, each ACK/NACK signaling is aligned with P-CCPCH of the same Node B, but PCCPCH of different Node Bs in the active set may have larger time difference. Thus, the time of ‘waiting’ ACK/NACK signalings from all Node Bs in the active set would be longer (but no longer than one TTI). Consequently, UE processing time for ACK/NACK would be longer. It will influence HARQ timing and may increase the number of HARQ processes. Thus, this timing method will cause a little larger latency than the first timing method.
This timing approach is summarized below: 
- E-DPDCH and E-DPCCH of the same UE have no time difference;

- ACK/NACK feedback to different UEs in the same cell should be synchronous at Node B;
- Time difference between DPDCH and E-DPDCH should be times of 256 chips;
4 Conclusions
In this contribution, two EDCH timing methods are investigated. 
We recommend that if ACK/NACK signalling would be carried on ‘dedicated’ channels, the first timing approach is more preferred. In this case, uplink interference variation should be evaluated. If ACK/NACK signalling would be carried on ‘shared’ channels, the second timing approach is more preferred. In this case, enough time will be left for ACK/NACK processing in UE to satisfy SHO requirement. 
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