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1. Introduction

This paper shows a proposal for persistent downlink scheduling of VoIP traffic by efficiently reusing persistently allocated but unused physical resource blocks (PRB).
The problem for scheduling of e.g. VoIP is that it is difficult to forecast talkspurt and silence periods and their durations.

As silence periods in VoIP are irregular and would decrease the efficiency of the persistent scheduled resources if they cannot be reused for other transmissions, the following method will show, how the unused persistent scheduled resources can be efficiently reallocated i.e. dynamically scheduled for other UEs.
2. Discussion

2.1. Overview

Figure 1 show UE1, which is persistently scheduled with an interval of 20 ms. Its VoIP flow includes periods of silence in which the persistent scheduled resource would not be used by UE1 due to the unavailability of VoIP packets.

Our proposal aims to assign these -by UE1 unused- resources to another UE2 (or any other UE). The scheduling of these resources will be dynamically announced by L1/L2 signaling.
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Figure 1: Overview VoIP traffic occurrence flow

2.2. Transition from Talk Spurt to Silence Period
2.2.1. Adaptation of the HARQ operation

The persistent scheduled UE (see UE1 example in Figure 1) is scheduled with synchronous HARQ, thus no further signaling is required until a silence period is detected at the eNB.
Our assumption is that the eNB can easily detect silence periods e.g. by:

· ENB Buffer management (empty buffer for multiples of voice packet inter arrival time)

· Variation of the size of the SID packets in silent periods compared to voice packets during talkspurt.
If a silence period is detected for one UE, the eNB sends together with the SID (Silence Insertion Descriptor) a control message with the following content:

· Indication for the activation of the “Suspend HARQ Period” 
This control message can be sent as a MAC Control PDU or an RRC message.
During the “Suspend HARQ Period” operation the following definitions characterize a UEs behavior:

· The UE does only decode the persistent scheduled resources in TTIs for “Initial Transmission”, i.e. the UE does not decode within TTIs for the HARQ retransmissions.

· If in subsequent TTIs the UE is not successfully decoding a transport block (TB), it does not send a NACK.
( No NACK is sent during “Suspend HARQ Period” at all.
Reallocation of unused resources during silence periods
During silence periods (i.e. “Suspend HARQ Period”) of a persistent scheduled UE, the eNB will be able to dynamically reallocate unused persistently scheduled resources to other UEs, see UE2 in the example in Figure 1. These dynamically scheduled UEs are in asynchronous HARQ operation and thus fully compliant with the agreed dynamic scheduling principle of RAN2.
2.3. Transition from Silence Period to Talk Spurt
Operation with L1/L2 Signaling

For the application of explicit L1/L2 signaling, a special L1/L2 control channel (PDCCH) message may be a very short message that would only be transmitted in the case of the transition between silence and voice active mode. Additional signaling load can thus be assumed to be very low since this message is only expected to appear in intervals being multiples of seconds. There would not be any voice packet dropping or delaying according to this approach. The UE has to monitor a certain set of candidate control channels in RRC-connected state in any case, thus there is also no additional control channel monitoring procedure necessary.

As shown in Figure 2, after the initial grant (1) no PDCCH control message is transmitted until the explicit reactivation message (3) is sent to the UE. The deactivation message is transmitted via the MAC data PDU header or via a MAC control PDU (2). 

 
[image: image2]
Figure 2: Explicit Signaling of Deactivation and Reactivation via L1/L2 signaling
Operation without L1/L2 Signaling

As soon as an “Initial Transmission” of a voice packet is recognized, i.e. a TB (Transport Block) is successfully decoded, an ACK is generated and the UE returns to persistent mode including ACK/NACK transmission as defined before the “Suspend HARQ Period”. If this first transmission fails, the eNB recognizes this unsuccessful transmission (by not receiving a HARQ ACK) and sends the remaining packet together with one or more possible next packets by dynamic scheduling in the next persistent resource allocation.

2.4. Adaptation of the DRX operation
To further improve the efficiency during silence periods in terms of e.g. UE power consumption (i.e. resulting in increased battery life), an intermediate DRX interval can be activated, too.
If a silence period is detected for one UE, the eNB sends additional information within the MAC Control PDU or the RRC message introduced in chapter 2.2.:
· Duration of an intermediate DRX interval 
During the “Intermediate DRX Interval” operation the following definitions characterize a UEs behavior:

In the case such an “intermediate DRX period was set and a voice packet arrives during this period, the next persistent scheduled resource can easily be adapted by dynamic scheduling [1] to support the content for e.g. 2 voice packets, see Figure 3.
· After each intermediate DRX interval (valid during silence periods), the UE will try to demodulate and decode the persistent allocated resources in TTIs for initial transmissions only. The duration of an intermediate DRX interval could e.g. be 40 ms.

· As soon as an “Initial Transmission” of a voice packet is recognized, i.e. a TB (Transport Block) is successfully decoded, the intermediate DRX operation ends implicitly and the UE returns to the DRX operation defined in the persistent scheduling mode as defined before the “Intermediate DRX Interval”.
Voice packets arriving within an intermediate DRX interval can either not be transferred at all or can be deferred to the next TTI for initial transmission. Such packets can be bundled together with all other packets that may arrive during the intermediate DRX interval, too. In this case dynamic scheduling can be applied to indicate the changed amount of resources.

[image: image3.wmf] 

Persistent

scheduled

but

dynamically

adapted

ENB Buffer 

Status

SID 

or

unused

Voice

Packet  

(n+1)+(n+2)

ENB 

Buffer

TTI n

ENB Buffer

TTI n+40

SID 

or

unused

Voice

Packet n+1

Voice

Packet n+1

Voice

Packet n+2

Persistent

S.

Persistent

S.

Long DRX

Persistent

scheduled

but

dynamically

adapted

ENB Buffer 

Status

SID 

or

unused

Voice

Packet  

(n+1)+(n+2)

ENB 

Buffer

TTI n

ENB Buffer

TTI n+40

SID 

or

unused

Voice

Packet n+1

Voice

Packet n+1

Voice

Packet n+2

Persistent

S.

Persistent

S.

Long DRX


Figure 3: Voice packet bundling (frame aggregation) with dynamical scheduling
3. Summary

We propose to
· Use synchronous HARQ for persistent scheduled UEs in downlink
· Consider above proposals for the persistent scheduling concept in the RAN2 discussion, including:

Transition from talk spurt to silence period using

· Inband signaling via MAC signaling that may include
· an indication for the activation of the “Suspend HARQ Period” to the UE.

· the duration of an intermediate DRX interval.
Transition from silence period to talk spurt
· Using L1/L2 based Signaling with a special L1/L2 control channel (PDCCH) message
· Without signaling, i.e. via implicit recognition and transition from silence to talk spurt
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