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Abstract


At the Layer 2/3 and Layer 1 experts group meeting held in December 1998 a proposal for a new transport channel called Uplink Shared Channel (USCH) was introduced by Motorola [1][2].  The USCH concept refers to an uplink power resource, that is shared by the packet users.  The assignment and re-assignment of the power resource to various packet data users are made on a frame by frame basis (i.e. with a granularity of 10 msec). The benefits of USCH were summarized in [3].  However, the Layer 2/3 group identified three physical layer impacts associated with the proposal, which were documented in [3].  This contribution addresses the three physical layer issues identified in [3] and provides simple solutions to all of them.   


1.0	Introduction


The three issues identified in [3] are as follows: 


Since the assignment of uplink resource is made for only a short period of time there may be a problem with the convergence of fast power control loop.


Is there a need for timing advance, guard periods or some other mechanisms to ensure that the transmissions from separate UE’s in subsequent frames do not overlap in time (due to difference in propagation delay).


Would there be any problems with acquisition and channel estimation if the uplink transmission of a single user are bursty which translates to a gap in period (spanning multiple frames) between uplink transmissions. 


This contribution provides solution to the above issues in Section 2.


2.0	Methods for Operating the USCH


2.1	Fast Power Control for Packet Data


It is well known that the maximum benefit of fast power control occurs only at slow speeds since it can follow the fast Rayleigh fading (assuming that there is sufficient headroom at power amplifier output) while at higher speeds there is practically no performance benefit [4]. In the USCH concept, the assignment of uplink resource is made on a frame by frame basis based on apportioned noise rise [1]. As such in the worst case, the closed loop power control may be active for only one frame.  Since it may take at least 2 frames for the power control loop to converge, the performance benefits due to fast power control at slow speeds will be impaired if the closed loop power control is active for only a short period of time.  In the alternative scenario, if the uplink transmissions of a single user are bursty, the outer loop threshold Eb/No set point and the gain setting at the UE may not be current if packets needs to be transmitted after a prolonged idle period.  In this contribution, we propose a simple and efficient algorithm for fast power control for packet data in a W-CDMA system wherein the above mentioned problems are mitigated. 


Uplink Fast Power Control Algorithm


In a W-CDMA reverse link, the near-far problem is mitigated by using a combination of open-loop and closed- loop power control. The open-loop power control (coarse power control) adjusts the UE transmit power based on the total received power at the UE. On the other hand, the closed loop power control fine tunes the UE transmit power using a feedback loop in order to keep the received uplink SIR at a given SIR target. The closed loop power control consists of inner and outer loop. The outer loop adjusts the SIR target at the base station receiver in accordance with a given target FER. The inner loop sends power up/down commands using the power control field of the ACCH. In case of transmission of reverse link packet data the following algorithm for closed loop power control is recommended: 


UE acquires synchronization to the BTS.


The UE reads the BCCH to get information about, RACH bursts, interference level at the BTS and the primary CCPCH transmit power level.


UE estimates the downlink path loss and determines the required uplink transmit power on the RACH.


UE sends a request on the RACH burst that it has packets to transmit along with the queue depth and remaining transmit power margin.


Based on the queue depth at the UE and the remaining transmit power margin, the system selects the ideal data rate to be used on the USCH.


Selected spreading factor and PCG positions for the UE are sent on the Access Control Channel (ACCH).


The UE sets the initial gain setting based on the following steps


It initializes the reference gain setting based on the pathloss, noise rise and the predetermined FER target.


It then calculates the current gain setting using the appropriate scale factor based on the assigned data rate communicated through ACCH.





BTS sets its initial outer-loop threshold based on the following steps


It initializes the reference outer-loop threshold based on a predetermined FER target.


It then calculates the current outer-loop threshold using the appropriate scale factor for the assigned Spreading Factor (data rate). 





The BTS receives the data packet. It then computes the SIR from the received data packet and compares the SIR with the current outer-loop threshold. It then sends a 1 bit up or down power control command using the ACCH. 


The UE adjusts its current and reference gain setting based on the received power control command on the ACCH.


For each received frames from the UE, the reference outer-loop threshold at the BTS is updated based on frame quality information or total metric. The current outer-loop threshold is always calculated using the appropriate scale factor for the assigned spreading code (data rate).


In case of idle� periods at the BTS the reference outer-loop threshold is not modified. 


During idle periods, the reference gain setting at the UE is modified according to the following algorithm:


The slope of the gain setting in the previous active period is computed


A predicted value of the reference gain is computed from the slope.





During prolonged idle periods the BTS may artificially limit the maximum data rate assignable for one frame in order to reduce the impact of gain prediction error.


2.2	Need for Timing Advance/Guard Periods


In the USCH concept, the assignment and re-assignment of the power resource to various packet data users are made on a frame by frame basis.  As such, two different UE’s may be assigned a low SF for high rate packet data transfer (e.g. 384 kbps) in consecutive frames.  Considering the largest cell has a maximum radius of 16 kilometers, the round trip line-of-sight (LOS) propagation delay is around 100ms.  As an example, if the two UE’s are located approximately 10 miles apart, the last part of transmission from the first UE will overlap the transmission from the first part of the second UE for approximately 1/6 of a pcg due to the propagation delay. This may result in excessive noise rise at the BTS for a brief period resulting in frame erasures on packets transmitted from the UE’s connected to that cell.  To prevent the above scenario there needs to be a mechanism for timing advance, guard periods etc, so that the transmissions from separate UE’s in subsequent frames do not overlap in time. The following algorithm is proposed for mitigating the above problem:


UE acquires sync to BTS.


UE sends request on the RACH burst that it has packets to transmit along with the queue depth and remaining transmit power margin.


An estimate of the time differential from BTS to UE is calculated from the RACH channel PN offset. 


Based on the queue depth at the UE and the remaining transmit power margin, the system selects the ideal data rate to be used on the USCH.


If the UE ID is different from the UE ID of the previous frame while they have the same spreading factor assignment, the difference in time delay between the current UE and the previous UE is calculated.   (Note that the USCH can convey packets from multiple users on multiple codes simultaneously, however, the timing advance process will generally only be necessary for UE's time multiplexed onto the high rate codes.) 


If the time differential between the currently assigned UE and the previous UE (with both having the same data rate assignment) is above a certain threshold T1 and the estimated noise rise at the BTS is above a second threshold T2, a timing offset correction factor (TOCF) is sent to the current UE using ACCH. The TOCF is proportional to the range differential computed in step (5).


The TOCF is used to set up the transmission frame timing of the uplink DPCCH/DPDCH in the UE. The uplink DPDCH/DPCCH transmission frame timing is then advanced or retarded with respect frame timing of the earliest received path of the downlink DPCH.


2.3	Acquisition and Channel Estimation for Packet data 


In a W-CDMA packet data transmission system the transmission of a single user are bursty and the period between uplink transmissions may span many frames. Because of the intermittent nature of packet data transmission, the channel estimates and the search parameters (e.g. number of fingers) will become stale after a certain period. In view of the above, a simple algorithm for acquisition and channel estimation is proposed in this contribution.


In a W-CDMA system receiver, a searcher should perform the following function, a) RACH acquisition searching and b) traffic channel acquisition/multipath searching. In RACH acquisition search mode the uncertainty region can be of the order of 150 ms. This assumes a maximum cell size of 16 kilometers (roundtrip delay of 100 ms) and the combined delay in the RF stages and time dispersion on the channel being of the order of 50 ms.  The received RACH signal is fed to a matched filter, matched to the preamble code. The output of the matched filter is then correlated with the preamble sequence. Next, the output of the preamble detector is fed into the peak detector and timing estimator circuitry. The estimated timing can then be used for the reception of the data portion of the random-access burst.  In the traffic channel acquisition/multipath search, a priori knowledge of the correct PN phase is available from the RACH acquisition search and this can be used to restrict the uncertainty region of the traffic acquisition search.  In this mode, it is also necessary to form an estimate of the channel so that multipath finger assignments can be made before the beginning of demodulation.  The time interval between access channel acquisition search and traffic channel acquisition/multipath search can be of the order of hundreds of milliseconds. During this time it is highly unlikely that there will be significant changes in propagation delay between the UE and the BTS. It is however possible, that the UE may experience change in the multipath environment due to its motion. To account for this change in multipath environment, it is necessary to do a traffic channel acquisition search continually during transmission of data packets.  In general, due to the intermittent nature of packet data transmission, it is required to prime the searcher before transferring data packets and update the searcher during transmission of packets to keep up with the dynamics of multipath environment.


The state diagram in Figure 1 A) shows the radio states associated with a UTRAN registered UE operating on the shared channel. Fundamentally, the UE resides in one of four states, RACH/PCH, RACH/FACH, RACH/ACCH and ACCH + USCH/DSCH. When the UE is inactive, it is in the RACH/PCH State conserving power.  When the UE is active, it will be in the RACH/ACCH State monitoring the ACCH for either downlink transfers or uplink assignments.  The ACCH + USCH/DSCH State is entered when resources are assigned for transfer and the RACH/FACH State is used to communicate attachment to a cell and initial queue depth. 


The state diagram in Figure 1 B) uncovers the sub-states within the ACCH in order to better illustrate how and when the searcher is primed.  Upon entering the cell-connected state, the UE will transmit a RACH to the network initializing the searchers.  After a response on the FACH, the UE then enter the RACH/ACCH-Fresh sub-state.  When in the RACH/ACCH-Fresh sub-state, the UE is assured all searcher parameters are up-to-date at the Node B and may transmit on the USCH when resources are assigned.   After remaining in the RACH/ACCH-Fresh sub-state for a prolonged period without an assignment, the UE will timeout and enter the RACH/ACCH-Stagnant sub-state.  In the RACH/ACCH-Stagnent sub-state, the UE must always send a pre-amble prior to its assigned data burst in order to prime the searcher.  A suitable pre-amble could be formed from the DPCCH absent the DPDCH for two or more power control group periods.  Absent the DPDCH, the pre-amble would be transmitted at a low power and could overlap the assignment in the previous frame.  The time-out period for the RACH/ACCH-Fresh sub-state and the length of the pre-amble could be configurable to accommodate the particular Node B receiver implementations.
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Conclusion


In this contribution, the issues identified in [3] with respect to uplink packet data transmission using USCH was addressed and solutions for power control, timing advance and channel estimation in case of packet data transfer were provided.
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� During idle period there is no preamble or data transmission. Idle period ends at the start of preamble transmission. 
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