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1. Introduction

Fast DCH setup is one of the major techniques discussed for enhancing the performance of dedicated transport channels in UTRA FDD [1]. Reducing the delays associated with DCH establishment would potentially enable a more frequent use of transport channel switching than today. A fast DCH establishment scheme would decrease the required timeout intervals before a dedicated channel is released and switched down to common channel state as the cost associated with reestablishing the channel is reduced.

Establishing a DCH consists of several steps: a random access procedure, a switching decision in the RNC and the associated signaling, and a synchronization procedure to synchronize the uplink and downlink channels between the Node B and the UE. This contribution provides an overview of the steps required for DCH establishment and proposes a technique for reducing the delays associated with uplink/downlink synchronization. An accompanying contribution [2] contains simulation results for the proposed synchronization scheme.

2. Uplink/Downlink Synchronization in Rel5

The DCH setup procedure in Rel99/4/5 is illustrated in Figure 1. At time t1, downlink data arrives to the RNC and a decision to establish a DCH is taken at time t2. The decision is sent to the UE via the S-CCPCH, which starts to establish synchronization to the downlink DPCCH at time t4.

The downlink synchronization procedure is divided into two phases: The first phase starts when higher layers in the UE initiate physical dedicated channel establishment and lasts until 160 ms after the downlink dedicated channel is considered established by higher layers. During this time, out-of-sync shall not be reported and in-sync shall be reported using the CPHY-Sync-IND primitive if the downlink DPCCH quality exceeds a threshold for at least 40 ms. The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During this phase, both out-of-sync and in-sync are reported, depending on the situation in the UE. As the UE is not allowed to report in-sync until at least 40 ms after the start of the first synchronization phase, the interval T4 equals at least 40 ms.
Once the UE has detected the in-sync condition for the downlink DPCCH, the UE starts transmitting the uplink power control preamble at time t5. The length of the power control preamble, T5, is set by higher layer signaling. During this period, the Node B establishes synchronization with the UE on the uplink. Once the power control preamble is finished, at t6, the UE uplink/downlink DPCH is established and data transmission may begin.
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Figure 1: Rel99/4/5 procedure for DCH establishment. Note that T6 is optional and data transmission may start already at t6.

3. Enhanced Uplink/Downlink Synchronization

The overall delay from t1 to t7 in Figure 1 depends both on the implementation, the performance requirements on the UE, and the procedures in the 3GPP specifications. T1 and T2 mainly depend on network implementation. T3 depends on the TTI used for FACH, which could be shortened at the cost of a reduced interleaving gain, and the UE processing delays. In this section, a technique for reducing T4, accounting for 40-160 ms delay, and T5, accounting for 10-70 ms delay, by using an improved synchronization scheme is proposed.

The proposed enhancement is illustrated in Figure 2. The basic idea is to replace the presently defined DPCCH uplink and downlink synchronization scheme requiring a time interval T4+T5 (specified in [3]) with an enhanced scheme reducing this time to 10 ms. A power ramping procedure is used, where the power of the uplink DPCCH is ramped up from a calculated initial power level by sending power up commands from the Node B until the Node B has obtained synchronization to the uplink signal. Acquisition of the uplink signal is indicated to the UE on the downlink DPCCH simply by sending power down commands. In the radio frame following the power control preamble, data transmission on both uplink and downlink DPDCH can start. 

In Figure 3, the power ramping phase is illustrated in more detail. Downlink and uplink DPCH transmission shall start at the same frame number, which shall be indicated in the switching message to the UE. In Figure 3, downlink transmission starts at time instant t1 (which corresponds to t4 = t5 in Figure 2), with some offset relative to the frame timing of the CPICH. The offset is indicated to the UE in the switching command. Uplink transmission shall start with a timing offset relative to the downlink DPCH, i.e., at t1+T0+(, where ( is the delay of the first detected path measured on CPICH and T0 = 1024 chip intervals, as specified in [3].

For uplink ramping, a predefined setting of all DPCCH bits is preferably used to make it possible to collect all transmitted energy for initial synchronization in the Node B receiver without caring on modulation. Uplink DPCCH power is ramped up with one step per slot. In the ramping phase, downlink TPC bits from the Node B should be set to “up”.  As soon as the Node B receiver has been reliably synchronized to the uplink, the Node B shall enter power control operation, i.e., transmit up/down power control commands and evaluate the TPC information received on the uplink DPCCH (time instant t2 in Figure 3). In-sync detection is tested in Node B similarly as for PRACH preambles based on thresholds. The UE is informed when Node B obtains in-sync through the TPC pattern received on the downlink.

Note that the Node B uplink receiver can collect the energy for the entire ramping phase, not only the energy of the last slot. Furthermore, as there is no modulation present on the DPCCH, it is possible to achieve a very large processing gain at the receiver, equal to all 2560 chips (34 dB). This allows for very power efficient, highly secure detection of the DPCCH transmission in the Node B. One possibility is to use peak detection in long-term delay power spectrum estimations, which for instance can be calculated with a matched filter.

The initial downlink DPCCH power level is determined in the same fashion as in the present procedure, i.e., by using the initial downlink DPCH power level IE present in the “Radio Link Setup/Addition Request” messages. Setting of the initial power is implementation dependent. If prior information on the distance between UE and Node B or a path loss measurement is available in the RNC, this can be used for more tight setting of the initial downlink DPCCH power level. If no distance or path loss information is available, a “broadcast power level” needs to be employed. To secure reception of the downlink DPCCH, its initial power should in any case be chosen somewhat higher than needed according to pre-calculations. This means that as soon as the inner power control loop starts operation (time instant t2 in Figure 3), it is very likely that downlink power is ramped down first. In the proposed fast synchronization scheme, setting of initial downlink power is much less critical than in the Rel99/4/5 scheme as a somewhat too high power would be employed only for a very short time interval.

DPCH setup failure in the Node B is identified when no uplink synchronization is obtained within the preamble period. In the case, the downlink DPCCH transmission should be stopped at the end of the preamble interval. Stop of downlink transmissions shall be identified in the UE by means of a fast DL DPCCH synchronization status detection scheme and stop further uplink transmissions. Further handling of DPCH setup failure could be done in several ways. For instance, a new attempt could be made a predefined time after the first try. Alternatively, the physical channel reconfiguration failure procedure as defined in [4] could apply also for this new scheme.

Introducing the enhancements described above can be done by defining “Synchronization Procedure C” in addition to procedures A and B already specified in [3]. 
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Figure 2: Enhanced procedure for DCH establishment.
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Figure 3: Illustration of the enhanced uplink/downlink synchronization scheme.

4. Conclusion

An enhanced scheme capable of significant reduction in the delays associated with DCH establishment has been described. A reduced DCH setup time offers several significant advantages, e.g., 

· increased availability of downlink channelization codes;

· DPCH release timer could be reduced due to the possibility of fast re-establishment, which allows a higher degree of DPCH utilization (higher duty cycle) for packet data transmission and thus lower amount of physical control overhead;

· the downlink interference due to the initial synchronization on DL DPCCH is decreased;

· the uplink interference due to initial synchronization is minimized;

· the link throughput is increased on both uplink and downlink;

· the end-user experience of the system is improved.

It is recommended that the text in Sections 2 and 3 is incorporated in [1].

5. References

[1] TR 25.896, “Feasibility Study for Enhanced Uplink for UTRA FDD”, v0.3.0
[2] R1-030457, “Fast DCH Setup – Simulation Results”, Ericsson
[3] TS 25.214, “Physical Layer Procedures (FDD)”
[4] TS 25.331, “Radio Resource Control (RRC); Protocol Specification”
_1113819252.doc






















t7







t6







t5







t4







t3







t2







t1















T6







T5







T4







T3







T2







T1































































DPCCH











DPCH















confirm



















downlink DPCH











SCCPCH







switching



decision (RRC/SRNC)







switching 



command







Cell_DCH







uplink DPCH











Cell_FACH







Power
















_1114445013.doc






















t7







t6







t5







t4=







t3







t2







t1















T6







T5







T4=







T3







T2







T1































































DPCCH











DPCH















confirm



















downlink DPCH 











SCCPCH







switching



decision (RRC/SRNC)







switching 



command







Cell_DCH







uplink DPCH











Cell_FACH







Power
















_1062946918.doc






UL DPCH







start  of first



frame











 t1







 t2







 t3







10 ms-radio frame (SFN )







end of first



frame











DPCCH







power ramping











DPCCH at 



initial power 



level







data  transmission











DL-UL offset 



T0 + (







DPDCH







DL DPCH







10 ms-radio frame (SFN + 1)







acquisition of UL DPCH,



start  of  power control 











slot



(0.667 ms)







closed-loop power controlled transmission




















