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In [1], some options for the design of Enhanced Uplink Dedicated Transport Channel and its associated control channels were discussed.  However, the scheme presented in [1] used a 20.8 kbps uplink TFRI control channel which will contribute significantly towards uplink overhead and noise rise.  In this contribution, an alternative design is for the uplink TFRI control channel is presented which significantly reduces the control channel overhead.

EUDTCH Structure

Background:

Figure 1 shows the structure for the EUDTCH and its associated uplink and downlink control channels including the message flow diagram as per [1].  The UE communicates scheduling information to the Node-B’s using an uplink scheduling information control channel with a known fixed modulation and coding rate and transport block size as shown in Figure 1. The corresponding code assignment for the reverse link scheduling information control channel is done on a semi-static basis.  It may be noted that the UE does not transmit control information if its corresponding data queue is empty.  Using the available scheduling information from all UEs each serving Node-B schedules one or more of the UEs for each scheduling transmission interval.  As an example, the scheduling transmission interval may be 10ms while the UE transmits on 2ms sub-frames on the reverse link TFRI control channel and the EUDCH in order to reduce signaling and therefore reduce signaling interference overhead.  That is, by having the 10ms scheduling transmission interval broken up into five 2ms sub-frames the UE can still optimize the rate (TFRI) based on the most current channel conditions while at the same time minimizing control channel interference by allowing some control information to be sent at 10ms intervals instead of 2ms sub-frame intervals.  

Each Node-B then uses reverse link interference level, UE scheduling information, and power control information to determine each UE’s maximum allowed power margin target.  Power margin is defined as the difference between the current DPCCH power level and the maximum power level supported by the UE.  An active set Node-B chooses a UE to be scheduled and then sends a scheduling assignment on a downlink scheduling assignment control channel to the chosen UE.  The scheduling assignment may consist of the maximum allowed ‘power margin’ target (note: this is equivalent to specifying a maximum data transmission rate), a map of the allowed EUDCH sub-frame (2ms e.g.) transmission intervals for the next 10ms transmission interval
. 

For each EUDCH sub-frame the UE determines the TFRI based on the interference information (maximum allowed power margin) from the selected scheduling assignment and the current scheduling information measured at the UE (i.e. current data queue and power status or power margin).  It may be noted that the fast power control function is enabled and the feedback rate is performed on a slot-by-slot basis. The UE transmits the EUDCH sub-frame using the selected TFRI.  The TFRI may be sent on a uplink TFRI control channel using a 2ms frame interval (i.e. sub-frame interval) or alternatively could be sent on the EUDCH with a known fixed MCS either by puncturing the data bits or as a preamble or midamble.  

SHO control channel requirements

If no uplink macro-selection diversity benefit during SHO is acceptable then up to 6 bits for the HARQ process can be eliminated by using synchronous or partially asynchronous stop-and-wait protocol [3] for the enhanced uplink compared to using fully asynchronous HARQ. In this case with only 4 bits both a “new data indicator bit” and  IR can be supported in and out of SHO.  Otherwise, if macro-selection diversity benefit is desired then the HARQ state bits (3) can only be eliminated during soft handoff for synchronous and partially asynchronous HARQ if a common SFN to HARQ channel mapping is used at all active set Node-Bs or N=5 HARQ is used.  In all HARQ schemes with macro-selection diversity benefit HARQ packet sequence indicator bits (see [3]) are required to indicate the current packet sequence number to avoid rollover of the next packet not being detected by some of the active set Node-Bs during SHO. Also not having HARQ packet sequence indicator bits would make it difficult for an active set Node-B to correctly combine soft decision information for decoded packet re-transmissions where the first packet transmission was initiated by a different active set Node-B scheduler.  In this latter case only Chase can be supported during SHO since the (3) IR version bits are instead used for the HARQ packet sequence indicator [3]. Finally, if both IR and macro-selection diversity benefit are required and given the common SFN to HARQ channel mapping and using synchronous and partially asynchronous HARQ then (3) bits are used for IR version and (2) bits are used for HARQ packet sequence indicator resulting in one (1) more bit overhead then the other two cases (macro selection diversity benefit only case or  IR only case)  described above.  Finally, analysis is needed to determine which of the above cases provides the most benefit in system capacity.  That is, should IR only be supported during SHO or should only macro-selection diversity be supported in SHO or should both be supported given the added signaling overhead impact?  The least complex scheme that provides acceptable performance can then be chosen from the cases described.

Reduced Rate TFRI Control Channel:

To reduce the uplink control channel overhead, the uplink TFRI channel needs to be re-designed by drastically reducing the number of bits at the cost of increased flexibility.   The following modifications are suggested:

1. Instead of specifying the channelization code set, transport block size and MCS level explicitly one can specify using 4 bits a combination of transport block size and MCS level as per example shown in Table 1.  A subset of 16 entries can be selected from a larger set that can be communicated to the UE using higher level signaling.

2. By using synchronous or partially asynchronous stop-and-wait protocol [3] for the enhanced uplink, fewer bits are required for the HARQ process. Up to 6 bits during SHO and 3 bits when not in SHO are eliminated. 

3. When not in SHO one (1) bit will be used for the new data indicator and three (3) bits for the IR version. During SHO (3) bits are used for IR version and one (1) bit for the “new data indicator” if no macro selection is desired. Otherwise during SHO if macro selection is desired but IR is not supported then (3) bits are used for a “packet sequence indicator” which is an extension of the “new data indicator”. If both macro-selection diversity and IR are desired during SHO than (3) bits are used for the IR version and at least (2) bits are needed for the HARQ packet sequence indicator.

4. To improve the detection performance of the TFRI control channel a 2 bit CRC is added.  That is, parity check bit #1 is obtained by the exclusive-OR of information bits 1 and 2, parity check bit#2 is obtained by the pairwise XOR of bits 3 and 4 [2]. 

5. The following assumes that either macro-selection diversity is supported or IR is supported during SHO but not both. A (32,10) code (same as TFCI code) is used and the 32 coded bits are punctured to 30 bits yielding 10 bits/slot for a channel bit rate of 15 kbps and information bit rate of 5kbps. (Note this channel is only active when a UE is scheduled to use the EUDTCH). 
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Figure 1. Structure of EUDTCH and its associated control channels with flow diagram

Table 1. Set of MCS's for the Uplink TFRI Control Channel
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The coding structure of the TFRI control channel is shown in Figure 2.
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Figure 2.  Revised Structure of the TFRI Control Channel
Conclusion:

A possible structure for reducing the overhead for the uplink TFRI channel was suggested in this paper.  With this structure the overhead is reduced by a factor of 4.
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� Note that if it was decided not to let the mobile determine the actual TFRI used for each sub-frame then the downlink control channel information could include the TFRI for each sub-frame although this would be very sub-optimal.
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