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1. Introduction

This paper shows two proposals for persistent uplink scheduling of VoIP traffic to increase the radio performance in terms of used resources and BLER reduction. The proposals are divided in two parts:

· Reusing efficiently persistently allocated but unused physical resource blocks (PRB) for the case initial and retransmission are persistently scheduled

· As the reservation of resources for synchronous HARQ retransmissions in uplink would decrease the efficiency of the persistent scheduled resources if they are not used, the following method will show, how the unused persistent scheduled resources can be efficiently reallocated i.e. dynamically scheduled for other UEs, see chapter 2.1.

· Shifting persistently allocated physical resource blocks (PRB) in the frequency and time domain to improve system performance  for the case initial and retransmission are persistently or dynamically scheduled

· On current RAN2 agreements persistently allocated PRB are fixed in terms of frequency and time allocation, until the persistent allocation is explicitly overridden by L1/L2 or adapted by a new persistent allocation (e.g. via L3 RRC message). The following proposal in chapter 2.2 details the improvement how to shift the allocated persistent resources in time and frequency without using limited L1/L2 signaling resources.
· Due to the synchronous HARQ also for dynamic scheduled users the retransmission are fixed in time and frequency. Only with an explicitly grant message the allocation could be changed. In chapter 2.2 we demonstrate an efficient way to change the resource allocation without using the grant message.
2. Discussion

2.1. Overview how to reuse persistently allocated PRB
Figure 1 shows UE1, which is persistently UL scheduled for every 20 ms TTI and reserved UL resources for HARQ opportunities. So up to 3 HARQ retransmission resources would be reserved (assumption: HARQ RTT = 5 ms) but some may remain unused if the transmission succeeds before.

Our proposal aims to assign these -by UE1 unused- resources to another 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 and reserved UL resources

The persistent UE is scheduled with synchronous HARQ (as generally agreed in RAN2 for UL). So no further signalling is required for retransmissions in any case for this UE.

2.1.1. Reallocation of unused resources assigned to synchronous retransmissions 

If a reserved synchronous retransmission opportunity is not used by an UE (in the example UE1), this resource is dynamically scheduled to another UE (in the example UE6) again with synchronous HARQ, see Figure 2.
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Figure 2: Overview VoIP traffic occurrence flow

The UE6 has 2 retransmission opportunities in this example to finish the initial transmission successfully. 

During the reuse of unused synchronous retransmissions resources
· In the case a third retransmission is needed for UE6, UE1 is shifted by n TTIs. In the worst case this UE1 will be shifted to the next TTI that was foreseen with persistent scheduling for this UE anyway (a possible retransmission).
· The shifting for the initial transmission is done by dynamic scheduling [1]. UE1 will have 2 retransmission opportunities to finish the initial transmission successfully. 

· Generally, no further action is necessary in the system if both UEs can end their retransmission with the second retransmission (i.e. with 3 transmissions in total).

2.1.2. Reuse unused resources from silence period 

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 DTX interval can be activated, too.
If a silence period is detected by the UE, the UE sends a DTX information:
· Duration of an DTX interval

This information can be sent as a MAC Control PDU or an RRC message to the eNB.

Our assumption is that the UE can easily detect silence periods by:

· UE 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.

During the “DTX Interval” operation the following definitions characterize the UE and eNB behavior:

· In the case such a “DTX interval” was set, the next persistent scheduled resources including its reserved synchronous HARQ resources can be reallocated by the eNB to other UEs, see Figure 3, till the next valid Initial Transmission of the UE.

· In the absence of voice data the UE will send a further DTX Information together with the SID every 160ms.

· As soon as the UE wants to send a voice packet, the UE returns to the (defined) persistent uplink scheduling mode by a L1/L2 scheduling request on the PUCCH or RACH.
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Figure 3: Overview of the UL DTX procedure

2.2. Overview how to shift persistently allocated PRBs without L1/L2 signaling

Generally the resources for fully persistent scheduled VoIP users (namely the time and frequency resources for the initial and retransmission resources) are kept unchanged until it is explicitly changed either by L1/L2 or adapted by a new persistent allocation (e.g. via L3 RRC message).

Similarly the “synchronous HARQ retransmission” resources for the dynamic scheduled are fixed if not explicitly signaled by L1/L2 signaling

For the case of fully persistent scheduled UEs with slow changing radio channels condition, this scheduling adaptation principle can be inefficient in terms of time duration and used L1/L2 signaling resources.

Whereof the following principle describes how to shift the allocated persistent resources without L1/L2 signaling resources.

2.2.1. Shifting allocated persistent resources with HARQ signaling
For the case the initial uplink transmission (persistent or dynamically scheduled) is not received error free, the probability that the retransmission not successfully decoded is high, depending on the channel condition. Therefore it makes sense to change the resources for retransmission at least in frequency domain, i.e. to other PRB/s.

In figure 4 the HARQ feedback is shown including a NACK and the settings of the new resource/s for the persistent scheduling to be used for the first retransmission. 

In the case of Uplink data transmission the parameters for shifting are signaled via downlink ACK/NACK L1/L2 signaling.
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Figure 4: Overview of HARQ feedback channel between eNB and UE

The HARQ ACK/NACK content can also be used as indication to adapt the uplink resource allocation as there are no frequent uplink channel quality information is available.

Please note, that the same principle can be used also for downlink data transmission, where the UE can propose the eNB DL resources in the frequency domain, where e.g. it can receive downlink data transmissions in better quality. So this indication of the UE can be used as refinement of an CQI report or it updates selectively an out-dated CQI reporting.

Example of an HARQ content

An HARQ signalling format and content is given in the following example in figure 5 which includes the parameter values for shifting persistent scheduling resources. The size of this feedback value is anyway lower as an explicit L1/L2 signaling to adapt the parameters of the scheduling resource.
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Figure 5: Example of a format and content for HARQ signaling including the shifting parameter values
3. Summary

We propose to

· Consider above proposals for the persistent scheduling concept in the RAN2 discussion, including:

· The definition of a L1/L2 signalling message which can shift persistent scheduled resources for a defined time (1..n TTIs)
· If a silence period is detected by a UE, the UE sends a control message with the duration of a DTX interval.

· The definition of a HARQ signalling message which can shift persistent or dynamic scheduled resources to a defined time (1..n TTIs) and/or frequency resource in UL.
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