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1. Introduction
Since real-time services like VoIP have different characteristics from non real-time services such as small packet size and constant inter-arrival time, a different scheduling strategy for VoIP should be considered for efficient resources utilization and delay requirement. Thus, the purpose of this paper is to propose how to schedule the UL resources for VoIP service.
2. Discussion

In a broad sense, there are two allocation schemes for VoIP, i.e. dynamic allocation and persistent scheduling. We believe that persistent scheduling is more preferable because the scheduling overhead caused by dynamic allocation is too high for VoIP service, which periodically generates small packet. 
However, the problem with persistent scheduling is resource under-utilization. In other words, when there is no VoIP packet to be transmitted, the resource allocated by persistent scheduling is just wasted. Accordingly, for efficient resources utilization with persistent scheduling, UE should inform its transition from silence period to talk spurt and vice-versa to the eNB. It’s because packet size and constant inter-arrival time are different according voice activity and the timing of the transition is unpredictable. 
Following alternatives can be considered to inform the transition:
· Synchronous RACH [1]
· Using one code point of CQI [2]
The concerns with the first approach is that tight latency constraints of VoIP service can not be met with the use of a contention based channel and it causes too much load on the RACH channel.

In the case of the second approach, CQI resource should be available as soon as the transition occurs to meet the tight latency constraints of VoIP service. However, currently it is not clear how frequent the CQI reporting will be required during UL VoIP service because it depends on the channel condition and which service is served in DL, e.g., CQI reporting for DL VoIP service would be less required than non-VoIP service. Thus, if the time interval for CQI reporting can meet the latency constraints of VoIP, the second approach should be supported because the CQI reporting is frequent enough. Otherwise, if the time interval of CQI reporting can not be met due to the latency constraints of VoIP service, the second approach would not be supported to indicate the transition triggering because the UE may transmit CQI intermittently to the eNB. Therefore the use of one code point of CQI would not be applicable depending on the frequency of CQI.
In addition to the second approach, if eNB assigns additional resources for CQI reporting to just make the UE indicate the transition triggering using one code point of CQI even if CQI reporting is intermittently required, it is not desirable because resources required for the CQI would be too much to just notify the transition triggering.
Therefore, in order to minimize resources required, we propose another approach to indicate transition triggering using one bit indicator signalling over out-band signalling like ACK/NAK instead of use of one code point of CQI.
3. Proposal (ON/OFF scheduling over out-band signaling like ACK/NAK signaling)
In this section, we propose that principles of UL scheduling for VoIP are as follows.
· The UE indicates its transition to the eNB when the transition occurs.

· The eNB allocates radio resources semi-statically for VoIP, and the amount of allocated resources changes when eNB is notified of transitions from silence period to talk spurt and from talk spurt to silence period.

· When the UE needs to notify the transition triggering, it indicates its transition to the eNB using a single bit indicator.
· The single bit indicator is the transition indicator and it has two values, i.e., “on” and “off”
· When the eNB receives “on” using a single bit indicator from the UE, it interprets that as the transition and then allocates resources to the UE according to voice activity.
The transition indicator
This transition indicator is used to notify that transition from talk spurt to silence period or vice-versa. That is, when the UE needs to indicate its transition to the eNB, it indicates “on” using a single bit indicator. Regarding the transmission method of this transition indicator, we believe that it could be similar to ACK/NAK control signalling. It is because ACK/NAK control signalling is a kind of a single bit indicator which indicates one bit information, ACK/NAK like ON/OFF.

The concern with the transition indicator within talk spurt is that UE can indicate its transition on dedicated resources every 20ms. That is, UE can indicate its transition by in-band signalling on uplink VoIP packet. However, if the transition indicator within talk spurt is transmitted over in-band signalling, the transmission time should be considered because the UE has to wait for at most 20ms for use of next in-band signalling and the in-band signalling has possibility to be retransmitted until the maximum number of retransmission. Furthermore, since real-time service is carried over UM mode RLC which does not guarantee the lossless delivery, the lossless delivery of the transition indicator is not guaranteed over in-band signalling.
Therefore, we propose that the transition indicator is transmitted over out-band signalling within both of talk spurt and silence period. And resource allocation for transition indicator is statically configured by RRC layer.

Figure 1 shows how to allocate resources for VoIP service using persistent scheduling. 
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Figure 1. UL scheduling for VoIP 

The transition from talk spurt to silence period

When the UE needs to notify the transition from talk spurt to silence period, it indicates its transition triggering, i.e., “on”, using a single bit indicator over out-band signalling like ACK/NAK. The resources for single bit indicator are statically reserved by the eNB. Then if the eNB is notified of the transition from talk spurt to silence period, it assigns the radio resources for VoIP to another UE.
The transition from silence period to talk spurt

When the UE needs to notify the transition from silence period to talk spurt, it indicates its transition triggering, i.e., “on”, using a single bit indicator over out-band signalling like ACK/NAK. Then if the eNB is notified of the transition from silence period to talk spurt, it assigns radio resources for VoIP to the UE.
No transition for the interval of a single bit indicator within talk spurt and silence period.
When the transition, i.e., from talk spurt to silence period or vice-versa, does not occur for the interval of a single bit indicator, the UE is not required to transmit the transition indicator to the eNB. Then if the eNB is not notified of the transitions, it interprets that as no transition.
Failure cases
If the UE does not receive the grant in the response to the transition indicator within the defined duration, e.g., use of timer, the UE will try to indicate its transition to the eNB using a single bit indicator over out-band signalling until it successfully receives the grant from the NodeB.
4. Conclusion

As a summary, the following has been proposed.

· The UE indicates its transition to the eNB when the transition occurs.

· The eNB allocates radio resources semi-statically for VoIP, and the amount of allocated resources changes when eNB is notified of transitions from silence period to talk spurt and from talk spurt to silence period.

· When the UE needs to notify the transition triggering, it indicates its transition to the eNB using a single bit indicator.

· The single bit indicator is the transition indicator and it has two values, i.e., “on” and “off”
· When the eNB receives “on” using a single bit indicator from the UE, it interprets that as the transition and then allocates resources to the UE according to voice activity.

· Resource allocation for transition indicator is statically configured by RRC layer.
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