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1. Introduction

In RAN2 57bis is has been decided that the DL VoIP scheduling is going to use semi-persistent scheduling with initial blind detection. However, the UL scheduling method has not been decided yet. One of the major concerns is how to efficiently handle the silent period for the semi-persistent scheduling [1] [2]. In persistent scheduling, a resource is pre-allocated for a UE. If no indication of whether the resource will be used by the UE is signaled, the resource can not be used by another UE. For very simple persistent scheduling without any enhancements, this means that considerable uplink capacity is lost. Hence, for persistent scheduling, the resource needs to be re-configured from talk-spurt period to silence period and vice versa. In this paper, we analyze this issue and propose a fast way to re-configure the resource. 
2. Uplink VoIP Scheduling
2.1 General Description 

The key issue is the state transition (i.e. talk-spurt state and silent state, and also note that in silent period, SID frame should be transmitted), which includes the following two cases: transition from talk-spurt to silence period and the transition from silence period to talk spurt. One simple way for this transition could be that whenever a silence period is detected, the UE sends resource-release signaling to the ENB to free the pre-allocated resource; and whenever a tall-spurt is coming, the user will explicitly request (through RACH resource request) the re-establishment of the semi-persistent resource for transmission of the talk-spurt (the resource is valid during the talk-spurt period). Further, for the SID transmission, explicit request is used to ask for the resource. Note that the transition is aperiodic on the time domain. 
However, since the voice state transition could be pretty frequent for a single user, and considering the number of VoIP users supported in the LTE could be very large, the incurred overhead could be very large. In the case of heavy RACH load, the access delay could be long when talk spurt is coming (especially when considering frequent transition and large number of VoIP users). This could much affect the voice quality. Hence, a fast resource release/re-grant way should be investigated on the uplink in order to reduce the overhead and the possible delay. We propose to use fast indication from the UE to resolve this issue. Figure 1 shows the diagram. 
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Figure 1. Fast Layer 1 Indication
In Figure 1, a fast layer 1 indication is used to report the status of the voice activity on the UE side. The resource for this fast indication is pre-allocated for the UE (enhancements will be describe later). One bit information is used to indicate the 2 different state transitions, for example, “1” means from talk-spurt to silence, and “0” means from the silence to talk spurt. The pre-allocated resource during call setup for the talk-spurt period is different from the silence period. In the talk spurt period, a resource is allocated for the user on the uplink to deliver the voice packets; in silent period, a very small resource is allocated for the SID frame transmission. Both allocated resources are pre-configured during the call setup stage. The resource reservation state transition is as follows:
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Figure 2. State Transition and resource - reconfiguration.

The UE will DTX for the layer 1 indication when the UE stays in one state (silence or talk-spurt). When the state changes, the UE fast indicates to the ENB. Note that in order to improve the reliability, the fast indication may be repeated several times. Since the resource is pre-configured, no additional signaling is required. 

The procedure is as follows: 
Transition from Talk-spurt to Silence period
The UE can detect the coming silence period by its buffer status, for example, the current voice frame is the last frame during the queue. The UE will set the indication to “1” so the ENB can release the resource for other user’s usage. The UE will transmit the SID frame based on the pre-configured resource allocation in this state. Another possibility is that the ENB can detect the silence period by itself (for example, no data for sometime or certain in-band indication) hence explicitly release the resource without any explicit request from UE. 
Here we mostly focus on the procedure for explicit resource release.  
Transition from Silence Period to Talk Spurt 
When new voice packets come, the UE will set the indication to “0” and the ENB will re-allocate the pre-configured resource to the UE. The UE will transmit the voice frame based on the pre-configured resource allocation in this state.
2.2 Adaptive Layer 1 indication with MAC layer signaling
It can be seen that during the most of the time, the UE will simply DTX for the fast indication. This could be a waste of uplink resource. However, the above method can be improved by simple MAC layer signaling to indicate the silence period start from the UE. Assume the UE can detect the coming silence period by its buffer status, for example, the current voice frame is the last frame during the queue. The UE may use the MAC layer signaling to indicate the coming silence period (for example, in band signaling with the last Voice PDU transmission, could be an optional field in MAC header).  After receiving the signaling, the ENB can switch the resource reservation mode. 

By this way, the fast indication resource is not needed during the talk-spurt period. Since the state transition from the talk-spurt to silence period is driven by the in-band MAC layer signaling. Figure 3 and 4 shows the diagram. 
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Figure 3. Adaptive fast indication with In-band MAC signaling
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Figure 4. State Transition Diagram.
2.3 Fast Layer 1 indication with uplink NACK/ACK transmission. 
We should also note that the voice communication is a symmetric communication, which means for the downlink voice transmission, the UE needs to transmit the layer 1 signaling such as NACK/ACK transmission as well. This resource is already reserved for the uplink layer 1 transmission. Therefore, without introducing new Layer 1 channel for fast indication, we may be able to transmit 2 more states together with NACK/ACK states to indicate the voice activity status, or possibly with CQI states reporting. Certain coding techniques can be used to optimize the transmission (may not need equal coding distance; FFS). In this way, additional uplink resource may not be needed. Further, the procedure could be simplified. 
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Figure 5. Fast state transition indication together with Uplink NACK/ACK transmission
3. Conclusion
By the proposed solution, the uplink resource can be efficiently utilized during the talk-spurt period or silent period. The signaling overhead for this transition is negligible and the transition can be realized in a quick manner. Thus we propose to investigate the fast indication VoIP scheduling for the uplink. 
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