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1. Introduction

‘Rate scheduling’ and ‘time-and-rate scheduling’ are considered as basic candidates of Node B scheduling methods for enhanced uplink [1]. Among them, rate scheduling method offers a benefit in the aspect of downlink signaling since it requires relatively simple scheduling commands, that is, one or several steps of rate-up and rate-down commands. However, rate scheduling cannot increase or decrease the uplink transmission rate rapidly, so might not be efficient in handling the uplink traffics of burst characteristics with high data rate. On the other hand, time-and-rate scheduling can offer full control of uplink transmission of each UE since the Node B scheduler assigns the transmission time and allowable transmission rate explicitly. However, the required signaling bandwidth for the scheduling of each UE in time-and-rate scheduling is much larger than in rate scheduling and it might be impossible to assign scheduling command to many UEs at the same time. Therefore, time-and-rate scheduling might not be efficient in handling the uplink traffics of streaming-like characteristics with relatively low data rate.

Both of the rate scheduling and the time-and-rate scheduling might be employed together as Node B scheduling method so that network may combine two methods or switch from one to the other method according to the cell condition. But, the direct combination of both methods doesn’t seem desirable since the nature of downlink signaling is different between the two methods and the combination of two independent methods will make the actual operation of Node B scheduler more complicated.

In [2], it was proposed to introduce some additional signaling to the rate scheduling so that the rate scheduling can be enhanced to be able to behave as like time-and-rate scheduling. This approach would be a desirable way forward since it tries to combine the merits of the rate scheduling and the time-and-rate scheduling, but there seems to be still limitations in the proposed method. This paper suggests a possible method of combining the rate scheduling and time-and-rate scheduling in more straight forward way.

2. Combining rate scheduling and time-and-rate scheduling

In [2], it was suggested to introduce a broadcast command (namely, ‘busy’ command) into the rate scheduling to prevent uplink transmissions except the ongoing transmissions so as to enable a uplink scheduling of time multiplexing manner. However, with a broadcast signal, Node B doesn’t have a selection on which UEs to transmit and which UEs not to transmit. Therefore, it will be difficult to optimize the uplink transmissions from multiple UEs since it only depends on a chance. Moreover, there is a possibility that multiple UEs contend to transmit at the same time right after the uplink transmission is allowed, which may result in an abrupt increase of noise rise and packet error. Considering these aspects, a dedicated control to inhibit or permit the uplink transmission from each UE will be preferable to a common control by a broadcast signal. This approach might be interpreted as a simplified version of the time-and-rate scheduling since both of the uplink transmission time and uplink transmission rate of each UE can be controlled by inhibit/permit and rate-up/rate-down command.

2.1  Control of uplink transmission by Inhibit/Permit command 

As described above, it is proposed to have a dedicated signal which inhibits or permits the uplink transmission of each UE in addition to the rate up/down command in the rate scheduling. By doing so, Node B can switch the high-rate transmissions between different UEs in fast manner as in time-and-rate scheduling. 

Figure 1 depicts an example of this operation (even though the actual operation of a scheduler is dependent on an implementation). In this example, Node B scheduler doesn’t lower the allowed data rate of UE1, UE2 and UE3 to the minimum level but to a moderate level so that the allowed data rate can be adjusted to a high level rapidly. And then, Node B scheduler align the uplink transmission of the multiple UEs by switching the inhibition/permission status of each UE (a, b, c, d). Moreover, during the uplink transmission near full RoT by UE1, allowed data rate of UE4 is gradually increased so that UE4 can transmit at high date rate right after the end of uplink transmission of UE1 (e).

As shown in this example, Node B scheduler can release a large bandwidth allocated to a UE in fast manner by inhibit command and can also increase the allowed transmit power of a UE gradually without infringing the uplink bandwidth allocated to the other UEs. Moreover, in case of catastrophic increase of uplink traffic within a cell, Node B scheduler will be able to settle down allowed transmit rates of the UEs efficiently with the Inhibit/Permit operation.  
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Figure 1. Illustration of the control of uplink transmissions by Inhibit/Permit command

2.2  Downlink signaling methods of Inhibition/Permission command

Inhibit/Permit command may be signalled by 1 bit to each UE as like downlink ACK/NACK signal. The followings are several possible options:

Option 1) Introducing an additional downlink signaling symbol for Inhibit/Permit command

Option 2) Introducing additional constellation points to the downlink ACK/NACK signaling

Option 3) Introducing additional constellation points to the downlink scheduling command (UP/DOWN) signaling.

Option 4) Reusing the downlink ACK/NACK signaling channel at the timing of no ACK/NACK signaling

If there are sufficient downlink bandwidth for the dedicated control signaling, option 1 might be most preferable solution. However, if the downlink bandwidth does matter, other choices of option 2 to option 4 might be considered. Among them, option 2 and 3 requires additional transmit power for ACK/NACK signaling or downlink scheduling command signaling. On the other hand, option 4 doesn’t require any additional channel or power for the signaling of Inhibit/permit command. However, in option 4, Node B can transmit Inhibit/Permit command to a UE only at the timing that ACK/NACK signal is not transmitted to the UE, and UE should always detect the absence or presence of the Inhibit/permit signal when no downlink ACK/NACK signaling is expected.

3. Conclusion
In this paper, a scheme of combining the rate scheduling and the time-and-rate scheduling was proposed. By employing one bit additional downlink dedicated signaling to the rate scheduling method, the operation of both scheduling methods can be achieved. Therefore, it is suggested to introduce this scheme as a Node B scheduling method for the enhanced uplink combined with the rate scheduling method.
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