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1. Introduction

In [1], we investigated the physical channel for the purposes of timing synchronization and scheduling request in the active mode without shared data transmission in the E-UTRA uplink. As the physical channel for the purposes of scheduling request transmission during the active mode, we consider a contention based physical channel (synchronized random access channel (RACH)) or a schedule based physical channel. To clarify which physical channel is more appropriate for scheduling request transmission, we compared them from the viewpoint of the required amount of radio resources.

2. Physical Channel Candidates to Achieve Scheduling Request during Active Mode
Figure 1 shows the scheduling request in the active mode (RRC_CONNECTED state). When the uplink scheduling grant is transmitted in the downlink L1/L2 control channel, the uplink shared data channel is transmitted from a UE using the assigned radio resources. In the discontinuous reception (DRX) mode without uplink timing synchronization, the non-synchronized RACH is transmitted to establish uplink timing synchronization followed by a scheduling request procedure. We focus on the active mode, during which the uplink timing synchronization is maintained, but the uplink scheduling grant to assign radio resources to the shared data channel is not transmitted over, e.g., the duration of several-hundred-milliseconds to several seconds.
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Figure 1 – Scheduling request in RRC_CONNECTED state
Figures 2(a) and 2(b) illustrate the transmission methods for scheduling requests using the contention based or schedule based physical channels, respectively. The merits and demerits of the contention-based and schedule-based physical channels for scheduling requests are as follows, from the viewpoint of the required amount of radio resources.

· Preserved time and frequency resources per bit

· A contention based channel can reduce the amount of required radio resources per bit because the preserved time and frequency resources are common to all UEs if collision is not considered. However, to reduce the collision probability, the amount of required radio resources per bit will be increased for a contention based channel.
· Number of bits required for scheduling request

· A schedule based channel can reduce the number of bits required for scheduling request since the UE ID does not need to be transmitted, which is required for a contention based physical channel.
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(a) Using contention based channel
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(b) Using schedule based channel
Figure 2 – Transmission methods of scheduling request in active mode
3. Comparison of Required Amount of Radio Resources
We compared the amount of required radio resources for scheduling request transmission between the contention based channel and schedule based channel. Table 1 gives the definitions of the symbols and assumed values in this paper. We assumed that the amount of required radio resources for a contention based channel transmitting one scheduling request is 10-times greater than that of a scheduled channel assuming the same correct detection probability (Rcontention = 10). It should be noted that the contention based channel must transmit the UE-ID such as the Cell specific-Radio Network Temporary Identifier (C-RNTI). The scheduled channel requires the transmission of only one bit at minimum. Furthermore, the required signal-to-interference plus noise power ratio (SINR) of the contention based channel is greater than that of the schedule based channel for achieving the correct detection probability due to a larger number of bits. Therefore, Rcontention of 10 is considered to be an advantageous condition for the contention based channel. The required collision probability for the contention based channel, Pcollision, is set to 10-2.

Table 1 – Definition of symbols and assumed values

	Symbol
	Definition
	Assumption value

	Rcontention
	Required amount of radio resources with contention based channel relative to scheduled channel for achieving the same correct detection probability
	10

	Pcollision
	Required collision probability for contention based channel
	10-2

	TSR
	Time period of time-frequency resource allocation for scheduling request transmission
(For the case with a scheduled channel, this value is defined per UE)
	Parameterized

	RSR
	Occurrence of scheduling request transmissions per UE during 1 sec
	Parameterized

	NUE
	Number of UEs
	Parameterized


Figure 3 shows the collision probability per scheduling request transmission of a UE using the contention based channel as a function of the product of RSR and NUE using the same scheme in [2]. We assume a simple Poisson distribution for a model of non-contention based channel transmission attempts. Time period TSR is parameterized in Fig. 3. For a given TSR value, according to the increase in RSR or NUE, the collision probability is increased. By decreasing the TSR, the collision probability is decreased.

Based on Fig. 3, Fig. 4 shows the TSR required for achieving the required collision probability, Pcollision, of 10-2 as a function of RSR with NUE as a parameter. In the following evaluation, we select the TSR value for the contention based channel according to the combination of RSR and NUE from this figure.
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Figure 3 – Collision probability of contention based channel as a function of the product of RSR and NUE
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Figure 4 – TSR required for achieving the required collision probability, Pcollision, of 10-2 as a function of RSR with NUE as a parameter

Figures 5(a) and 5(b) show the total amount of required radio resources per second as a function of RSR for NUE of 10 and 100, respectively. The total amount of radio resources is normalized by the amount of radio resources required for one scheduling request transmission using the schedule based channel. For the schedule based transmission, TSR is parameterized. For the contention based channel, TSR is changed according to the RSR value based on Fig. 4 (examples of the TSR value are indicated as plots with dotted circles). 

The value of TSR can be assumed as a requirement of the delay in the scheduling request transmission. Then from Fig. 5(a) assuming the NUE of 10, when we assume the required TSR of 10 msec, we can conclude that if the RSR is greater than approximately 0.1 (scheduling request every 10 sec or shorter), the use of the schedule based channel can reduce the amount of required radio resources for the scheduling request compared to the contention based channel. This is because the contention based channel should prepare more radio resources to reduce the collision probability when there are many scheduling request attempts. Furthermore, from Fig. 5(b), even when the NUE of 100 exists, the use of the schedule based channel can reduce the amount of required radio resources for a scheduling request compared to the contention based channel when the RSR is greater than 0.1. The reason why almost the same RSR value becomes the turning point for the selection between the schedule based channel and contention based channel is that since the required Pcollision is low such as 10-2, a near linear relationship exists between the required TSR value and NUE, assuming a Poisson distribution for the model of non- contention based channel transmission attempts.

From these simulation results, we conclude that the schedule based channel should be used for scheduling request transmission in the active mode, since the contention based channel is only effective when the scheduling request occurrence ratio is very low (longer than every 10 sec). If the occurrence ratio is greater than every 10 sec, it is better to return directly to the DRX mode.
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(a) NUE = 10
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(b) NUE = 100
Figure 5 – Required total amount of radio resources per second as a function of RSR
4. Conclusion
This paper compared a schedule based physical channel and contention based physical channel from the viewpoint of the required radio resource for transmitting a scheduling request during the active mode. From the simulation results, we conclude that the schedule based channel should be used for scheduling request transmission in the active mode, since the schedule based channel is effective in reducing the amount of required radio resources compared to the contention based channel for most of the important range of the scheduling request occurrence ratio such as less than every 10 sec.
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