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1. Introduction

This contribution discusses scheduling for LTE VoIP when voice activity transitions between talk and silent states. 
2. Background
The characteristics of real time services like VoIP are different from non real-time services such as web-browsing. For example VoIP service has small packet size and constant inter-arrival between packets, etc. Therefore a different scheduling strategy for LTE VoIP should be considered for efficient resource utilization and delay requirements. 
By using persistent scheduling, the radio resources are periodically allocated to a UE for certain duration. But during silence periods when there are no VoIP packets transmitted, radio resources allocated by persistent scheduling are not utilized which results in an inefficient use of radio resources. For downlink transmission, the eNB can detect the voice activity change and make the resource re-allocation accordingly. But for uplink transmission because of the unpredictable timing of the voice activity transition, the UE needs to inform the eNB of voice activity transitions from silence to talk and from talk to silence. This UL signaling will allow the eNB can make efficient resource scheduling for silent and talk periods.
During silent periods, the radio resources must be assigned for uplink SID frame transmissions. Also the system must be designed to maintain the uplink synchronization and measurement reporting, for example CQI reporting.  Also the system must ensure whenever there is uplink data transmission available, the packets can be transmitted from the UE to eNB with minimum delay. Use of the non-synchronized RACH should be avoided due to its low efficiency and higher delay. Hence, it is important to maintain the uplink channel while UE is in the silent period.
Please note that the terms “dedicated”, “schedule based” and “contention free” are equivalent in this document. 
3. Discussion
3.1 Persistent Scheduling 
For VoIP, the packet inter-arrival time from the codec is 20ms in talk state and in silent state an SID frame is generated every 160ms. The packet size is almost constant in each state, it is 97 byte in transient state, 35 ~ 49 byte in talk state and 10 ~ 24 byte in silent state when the AMR rate is 12.2 kbps [6]. Allocating downlink and uplink radio resource of every TTI for the VoIP service will increase the L1/L2 control signaling overhead in the uplink and downlink [4][6]. Therefore, a resource allocation scheme that reduces the L1/L2 control signaling overhead for uplink data transmission should be considered for conversational class services like VoIP because the active period is longer than other services such as Web-browsing. For these reasons, persistent resource scheduling was proposed for real time services such as VoIP services for efficient resource utilization in both the DL and UL. This persistent scheme can take advantage of the characteristics of predetermined packet size and packet arriving interval during the traffic session [3] [4] [5] [6] [7] [8]. During persistent scheduling the radio resources are allocated over (defined or undefined) multiple TTIs without requiring L1/L2 control signaling for the optimization of voice traffic. Utilizing persistent scheduling the scheduling overhead is therefore greatly reduced.
3.2 Efficient Resource Utilization During Persistent Scheduling

The problem with static persistent scheduling of radio resources for VoIP is it does not take into account the effect of voice activity factor (VAF) and HARQ early termination. VoIP traffic will in general use less than 50% of the resources that have been statically allocated [9]. The most efficient method of scheduling VoIP would be to allocate the appropriate amount of uplink radio resources only when the UE is in a talk state, and to allocate minimal uplink radio resources when the UE is in silent state in (i.e. only SID frame is transmitted during this period) [5][6][8][9]. The eNB scheduler should have the ability allocate, de-allocate and re-allocate uplink radio resources to VoIP users depending on the voice traffic activity.
Based on these issues we propose that efficient uplink resource utilization should be achieved by release and/or re-allocation of radio resources to other UEs when an UE in persistent resource allocation period has little data to transmit during its silent interval. For this purpose, UE it will be necessary to generate “release request” and/or “resource request” messages to eNB according to the existence of data to transmit [4]. Different radio resource request and release schemes and scheduling procedures are proposed by several companies as in [3] [4] [6] [7] [9] for efficient resource utilization.
UE talk/silence state transition indications such as “resource release” and ‘resource request” can be used to notify the transition from talk spurt to silent period or vice-versa. When the UE needs to transit from talk to silence, an indication of the transition is signaled to the eNB. The eNB may then reassign radio resources to other UEs for more efficient use of resources [8]. The radio resources for SID frame transmission can also be scheduled by eNB on a persistent basis with interval as 160ms. Similarly when the UE needs to transit from silence to talk, an indication of the transition is signaled to the eNB. The eNB may then reassign radio resources to the UE [8]. 
For VoIP when the UE needs to notify the voice transition, it can indicate its transition to the eNB using a single bit indicator [8] [9]. The single bit indicator is the transition indication with two values, i.e., “on” and “off” [8]. The resource allocation for transition indication is configured by eNB as described in the following section.
3.3 Uplink Resource Allocation

When a UE is transmitting uplink data frequently the voice transition indication can be sent over in-band signaling with uplink data. When a UE does not have frequent uplink data to transmit but the UE is receiving downlink data from eNB frequently uplink resources allocated to send data non-associated control signals such as CQI or ACK/NACK can be used to embed the voice transition indication [7]. 
However, when a UE is not transmitting uplink data and the if uplink CQI and ACK/NACK is not transmitted frequently enough to support an efficient and immediate uplink transmission, other approaches need to be considered.

Dedicated L1/L2 control channel or synchronized RACH can be used for the “resource request” or “release request” if there is no frequent uplink traffic data or feedback signaling. As described in [11], if synchronized RACH attempts are provided as frequently as 5ms, the access delay standard deviation is around 30ms for a RACH loading of 0.2. The desired air interface latency for VoIP packet transmission is expected to be around 40ms [2]. We can see that the tight latency requirements of VoIP service can not be satisfied with the use of a contention based channel like synchronized RACH.
Preliminary evaluations in [5] concluded that the amount of the required radio resources for dedicated uplink channel would be less than that for the contention based channel for most of the important range of the resource request occurrence ratio such as less than 10 seconds to achieve the contention probability of 10-2. When the synchronized RACH is used for uplink signaling, it is necessary to transmit the scheduling request including UE ID for the voice status transition. Therefore there is too much load on the synchronized RACH channel to keep the contention probability at an acceptable level [5]. 
There have been several contributions on use of a non-contention based channel for resource requests. For services with very stringent delay requirements even the random access delay might be too high [12]. “Therefore the use of contention based access for RT services with tight latency constraints is not recommended due to the unpredictable delays and dependence on unpredictable loading conditions” [9]. “The dedicated control channel should be used for uplink control signaling rather than synchronized RACH” [5]. “These contention free UL resources will be allocated by eNB and could be used either for immediate transmission of a data packet or to send a resource request” [10].

We also propose eNB should have the ability reserve periodic uplink radio resources for uplink scheduling requests. The non-contention based channel, an UL-SCH, will require valid timing advance, and periodic channel quality may also be needed for downlink scheduling. Therefore the periodicity of the non-contention based channel depends on the delay requirements of the service, the periodicity requirement to maintain uplink synchronization, and potentially the periodicity required for DL channel quality measurements. The periodic uplink transmissions carried out by UE for either resource requests or channel quality measurements can enable the uplink timing estimation at eNB and thus maintain the uplink timing alignment. The interval between uplink resources should not be too long to meet these requirements [10]. 

We propose to use dedicated uplink channels for scheduling requests, i.e. “resource request’ and/or “release request”, uplink timing synchronization and periodic measurement reporting. A UE is assigned a periodic dedicated channel to reduce latency and signaling overhead associated with the channel access procedure. A dedicated uplink channel is particularly useful for information that has to be sent periodically such as measurement reports and support the timing advance procedure. The main advantage to use dedicated channel is that it is contention free and hence has lower latency, better efficiency and higher reliability than using synchronized RACH. 
The periodic dedicated uplink radio resources scheduled by eNB are pre-assigned time and frequency resources with possible frequency hopping pattern which can improve the diversity and make sure the dedicated uplink signal can be received properly at the eNB. The period of the dedicated resource depends on the periodicity requirements of uplink synchronization and measurement reporting as mentioned above.
A example of uplink radio resources would be the channel used to carry CQI information to support downlink scheduling, as it is expected that the CQI will be transmitted intermittently [9].
4. Conclusion 
We propose that efficient resource utilization can be achieved for VoIP by release and/or re-allocation of radio resources to other UEs when an UE in persistent resource allocation period has less data to transmit during silent intervals. For this purpose, it is proposed UE supports generation of “release request” and/or “resource request” signaling to eNB according to the existence of data to transmit. These transition indications, “resource release” and/or ‘resource request”, notify the transition from talk to silence or vice-versa.
We propose to use the dedicated uplink channels for scheduling request, i.e. “release request” and/or “resource request”, uplink timing synchronization and periodic measurement reporting when there is no frequent uplink traffic available from the UE. A UE is assigned a periodic dedicated channel to reduce the latency and signaling overhead associated with the channel access procedure. The dedicated uplink resources should be reserved by eNB based on the periodicity requirements.

5. Text Proposal 
It is proposed to add the following description to [1]. 
-----------------------------------Start of text proposal-------------------------------------

11
Scheduling

In order to utilise the SCH resources efficiently, a scheduling function is used in MAC. In this subclause, an overview of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements to support scheduler operation.
11.1
Scheduler Operation

MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

Taking account the traffic volume and the QoS requirements of each UE and associated radio bearers, schedulers assign resources between UEs and potentially also between different radio bearers associated with a single UE (FFS).

Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.
Radio resource allocations can be valid for one or multiple TTIs.
Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).
A priority is associated to each radio bearer and the UE serves its radio bearer(s) in priority order. 
NOTE: this has to be refined for e.g. starvation avoidance, “free ride”, better control of non-GBR RBs, etc…

The four possible types of allocation are:

-
Short lived dynamic allocation: both PRB(s) and allowed MCS are allocated to a given UE for a defined number of TTIs;

NOTE:
a UE may “operate” only during certain time periods of the radio frame (indicated from RRC).

-
Short lived fixed allocation: PRB(s) are allocated to a given UE for a defined number of TTIs, and the allowed MCS is allocated for an undefined duration;

NOTE:
a UE may “operate” only during certain time periods of the radio frame (indicated from RRC).

-
Long lived dynamic allocation: PRB(s) are allocated to a given UE for an undefined duration, and the MCS is dynamically controlled by the network;

-
Long lived fixed allocation: both PRB(s) and allowed MCS are allocated to a given UE for an undefined duration.

This is summarized on the figure below:
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Figure 11.1: Allocation Types

For one UE, the allocation type can be different in UL and DL. Also there may be multiple simultaneous allocation types for the same UE. 

Allocations are done one a per UE basis (i.e. not on a per radio bearer basis), but radio bearer restriction can apply for certain allocation type e.g. for long live allocation.

For real tine services such as VoIP, efficient resource utilization can be achieved by release and/or re-allocation of radio resources to other UEs when a UE in persistent resource allocation period has less data to transmit during silence intervals. For this purpose, it is proposed UE supports generation of “release request” and/or “resource request” signaling to eNB according to the existence of data to transmit. These transition indications, “resource release” and/or ‘resource request”, notify the transition from talk to silence or vice-versa.

Dedicated uplink resources may be allocated for scheduling requests, uplink timing synchronization and periodic measurement reporting when there is no frequent uplink traffic available from the UE. A UE is assigned a periodic dedicated channel to reduce the latency and signaling overhead associated with the channel access procedure. The dedicated uplink resources should be reserved by eNB based on the periodicity requirements.

-----------------------------------End of text proposal-------------------------------------
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