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1 Introduction

In R99/4/5, the downlink DPCH frame boundaries may be 
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offset from the P-CCPCH (primary common control physical channel) frame timing in order to randomise the DPCH process at the UTRAN. This means the DL DPCH can start at any time relative to the P-CCPCH frame boundary as long as it is an integer multiple of 256 chips and can be different for different DPCHs. At the UE, the uplink DPCH transmissions start roughly 
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 after the reception of the first detected path (in time) of the corresponding DL DPCH frame.  The uplink DPCH timing is thus a function of the downlink timing and can therefore be different for different UEs. 

In the previous meeting, NodeB Controlled Time and Rate scheduling has been proposed for enhancing the performance of the uplink dedicated channel by allowing NodeB control of the UE TFCS and transmission time by fast L1 signalling. The transmission time for one or a few users are controlled by the NodeB based on many factors, one of which is the maximization of the Rise over Thermal (RoT) at the NodeB. The coordination of the transmission times across these users would require that their timing to be aligned among them. This contribution focuses on how the relative timing across different users can be aligned for Time and Rate Controlled Scheduling mode.

2 R5/4/99 UL Timing

With the current UL DPCH timing, asynchronous transmissions across the different DPCH allow the NodeB to receive the data in staggered manner to purposely randomise the UL traffic.  The randomised UL traffic arrival has advantage of randomising of the UL interference.   However, this asynchronous UL transmission will be a disadvantage in   the Time controlled scheduled mode. An example on an un-synchronized E-DCH is shown in Figure 1. In this example, we assumed that the UL E-DCH is aligned with the UL DPCH e.g. the E-DCH TTI always end at the 10ms UL DPCH frame boundary.
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Figure 1: EUDCH timing with an asynchronous uplink.
Schedule grant messages for UE1 and UE2 are made on different DL control channels at the same time (this is just an example and not critical to the argument here). In this example we assume a 3 slot TTI. If UE 1 and UE 2 transmit in their slots 0,1 and 2, then, clearly the first part of UE2’s transmission overlaps with the last part of UE1’s transmission. The Node B could (a) be conservative in rate assignment for each UE, recognizing that they would overlap and cause interference to each other (b) let UE 2 start its transmission in slots 3, 4 and 5 rather than 0, 1 and 2. This would avoid overlap but waste slots or (c) be aggressive in rate assignment for each UE w/o fully accounting for the overlap and consequent interference. Clearly, none of these options are too desirable and likely to cause inefficient usage of the air interface. Even in scheduling schemes where the Node B just dynamically controls the allowed transport format combinations per UE via L1 signalling, lack of synchrony on the uplink would dictate a more conservative approach to varying the TFCS.

When a short TTI is used without imposing the constraint that the short TTI must end at an UL DPCH 10ms frame boundary, then the problem of different delays (between receiving schedule grant message and start of transmission) due to UE processing of the schedule grant message is no longer present. However, the problem related to data rate selection still remains since the TTIs are not aligned across users due to the random offset of the DL DPCH.  

3 E-DCH Timing Alignment Alternatives

As shown in the previous section, to align the E-DPCH with the UL DPCH would result in sub-optimum performance of the NodeB scheduling since a conservative approach needs to be adopted in order that the RoT would not be violated. It is therefore critical that the E-DPCH of the UEs is aligned and three different approaches are outlined below for further discussions and evaluation.

a. Using Frame Offsets: Uplink synchronism of E-DCH users may be achieved by setting the frame offset for DL DPCH at call set up to be integer multiples of the UL EUDCH TTI, which the default offset is restricted to multiple of 7680 chips with 3-slot TTI.  This will nominally align E-DCH TTIs for the uplink with slight offset due to different propagation delay. In addition, the users are also not required to align its 3-slot TTI with the boundary pf an UL DPCH 10ms frame. Using this approach synchronism at EUDCH TTI level can be achieved across users. 

b. Using the “m-parameter”: This approach is the same as was taken for determining timing for uplink HS-DPCCH transmissions for HSDPA. Each user’s E-DCH (assuming a different physical channel is used for E-DCH) transmission is offset by a value of “mx256” chips relative to its own UL DPCH transmission. Here m is selected for each user so that the timing offset between frame boundaries of the schedule grant message and the E-DCH is roughly fixed for all users.  The net result is that E-DCH approximate alignment across users is achieved. This is illustrated in Figure 2 for the example of 3-slot E-DCH TTI. This solution, which can be used when a separate physical channel is used for E-DCH, will result in potentially different slot timings for the UL DPCH and the physical channel associated with E-DCH. 

c. Using the SFN: The SFN is sent using the P-CCPCH and since it is a single timing reference sent over the whole cell, aligning E-DCH timing to that of P-CCPCH would enable the E-DCH to be time aligned with minimum overlap interference. This is similar to DSCH and HS-SCCH, which are aligned to the timing of the P-CCPCH as well. Thus, the SFN could be the timing reference for the indication data rate scheduled by the NodeB i.e. the SFN could be used as the primary reference to derive the starting transmission time for a specific UE.  
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Figure 2: Aligning E-DCH transmissions using “m-parameter”. This example considers a 3slot EUDCH TTI and 3-slot TTI for DL control message. E-DCH is on a separate physical channel or CCTrCH.

4 Conclusion 

Timing issues related to EUDCH transmissions is considered. The lack of synchronism across UEs can complicate scheduling and rate assignment. It also complicates the use of shared downlink control channels for EUDCH for messages such as schedule notification etc. These complications arise regardless of the TTI duration. Alignment of users at the slot or EUDCH TTI level is desirable. Aligning incoming SHO users is still an open issue that needs to be addressed. 

It is recommended that the timing alternatives listed in Section 3 be reflected in the TR 25.896 and be taken as a basis for further discussions.
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