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1
Introduction
Some scheduling alternatives for UL VoIP are described and discussed.
2
Scheduling schemes for UL VoIP
2.1
Dynamic scheduling of UL VoIP

Since LTE is a packet radio system where normally each packet is scheduled by L1/L2 control signalling, it is natural to apply this dynamic scheduling also for VoIP packets as much as possible. Dynamic scheduling of each VoIP packet/transmission is naturally most flexible from the scheduling and UL resource usage point of view but also requires most signaling. The fully dynamic scheduling means that the UE sends a resource request in UL for every VoIP packet (UE could tell even the VoIP packet size), Node B allocates UL resource for every VoIP packet separately and for every retransmission separately. With dynamic scheduling VoIP users can benefit from time/frequency selecetive scheduling and unused resources due to silent periods as well as due to early termination of HARQ can be easily reallocated to other VoIP users, especially if adaptive HARQ is used (retransmissions can be allocated on different RUs).
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Figure 1: Dynamic scheduling of UL VoIP

The amount of downlink signaling can be reduced by not scheduling the retransmissions but instead using the same (or other predefined) resource for retransmissions, however, ACK/NAK signalling is needed anyway. If only the first transmissions are scheduled, then HARQ has to be synchronous and non-adaptive.The disadvantage is that the scheduling flexibility of the retransmissions is lost and that results into ‘holes’ in the time/frequency space when some retransmission resources are unused and others cannot be reallocated.

The amount of uplink signaling can be reduced by sending the resource request only at the beginning of the talk spurt. The Node B then allocates the uplink resource dynamically about every 20 ms. Similarly, during the silent periods (which the UE indicates explicitly or implicitly), the allocation is given every 160 ms.

Pros:

· Flexible scheduling of VoIP and other users, especially if all the transmissions scheduled dynamically

· Scheduling freedom, no predetermined split in resources between VoIP users and other users

· Frequency and time selective scheduling possible (may require more channel sounding pilot signaling)

· Fast and slow link adaptation possible

· Asynchronous HARQ is possible and retransmission resources can be allocated freely to VoIP or non-VoIP users

· uplink resource request only at the beginning of the talk spurt saves uplink resources

Cons:

· Amount of L1/L2 signaling required

· With synchronous non-adaptive HARQ retransmission resources difficult to allocate to other users

· Allocation of the TB size has to be done for the maximum VoIP packet size, i.e., there is padding (with SID frame upto 30 bytes) 

2.2
Persistent allocation of VoIP

Some sort of persistent allocation for VoIP users has been proposed by many companies. The main driving force is to reduce the amount of L1/L2 control signaling or even get rid of it completely and signal the allocation instead by using RRC signaling.

A fully persistent allocation would mean a CS like allocation for VoIP. RRC signaling would be used to allocate a time/frequency resource (localized or distributed) as well as a fixed modulation scheme to a VoIP user. The allocation should also include resources required for HARQ retransmissions. The allocation could even be so persistent that HARQ ACK/NAKs are not sent but instead each packet is sent a fixed number of times (as proposed in [1]), thus resulting in a fixed FEC scheme instead of an adaptive HARQ scheme.
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Figure 2: Persistent allocation of UL VoIP

Pros:

· Reduced signaling overhead (no L1/L2 allocation signaling in DL, only ACK/NAKs)

· simple

Cons:

· Wasted resources

· Unused HARQ retransmission resources not used for other users

· Unused resources during voice silent periods not allocated to others

· A DTX detector needed at Node B, otherwise Node B tries to decode and combine the transmissions in preallocated resources, even when nothing is sent 

· Persistent allocation of the TB size has to be done for the maximum VoIP packet size, i.e., there is padding (with SID frame upto 30 bytes padding)
· Max VoIP (and system) capacity limited since unused resources cannot be allocated to other users

· Requires non-adaptive HARQ

2.3
Semi-persistent scheduling of UL VoIP

Since VoIP users are on average half of the time silent, a significant amount of VoIP capacity is wasted if the silence periods are not reallocated to other VoIP users. Therefore, even the persistent allocations should be such that silence periods can be reallocated to other VoIP users. This is possible if the persistent allocation is done separately for each talk spurt. When a talk spurt starts, the UE should send a resource request, then the radio resource is allocated to the UE and when the talk spurt ends, the resource is released (explicitly with release signaling or implicitly by noticing that no more data is coming). Thus the released resource can be allocated to some other VoIP user.

SID frames could be allocated dynamically (thus requiring RR for each SID) or another persistent allocation could be given for them.

At the beginning of the talk spurt (UE RLC/MAC notices that there is full rate speech packet coming) UE should send an uplink resource request (RR) to the Node B. The RR can be sent either on synchronous RACH, on CQI channel or on a dedicated RR channel.
At the beginning of a talk spurt the UE is allocated a semi-persistent time/frequency resource where the UE can send the initial transmissions without receiving UL allocation via the L1/L2 control channel. The semi-persistent allocation is sent either on L1/L2 control channel, in a MAC control PDU or as an RRC message. All the retransmissions are allocated dynamically using the L1/L2 control channel (NAK is always followed by an UL allocation). The UE monitors the L1/L2 control channel in all or in preconfigured TTIs (DRX). If no valid UL allocation is given to the UE, the UE is allowed to send an initial data transmission using the pre-assigned resource (using preassigned transport format). Since the retransmissions are always scheduled, this scheme allows using adaptive HARQ: the retransmissions can be freely allocated on any free resources, e.g., on those remaining unused by silent users. 
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Figure 3: Semi-persistent alloction of UL VoIP

Semi-persistent allocation of UL VoIP is illustrated in Figure 3.
The persistent allocation methods typically assume synchronous non-adaptive HARQ scheme and do not allow reallocation of unused HARQ retransmission resources to other VoIP users. By increasing L1/L2 signaling somewhat, also the HARQ resources can be reallocated. This allows using adaptive HARQ for VoIP, too. 

Pros:

· Slow talk spurt based link adaptation possible, even some frequency selective scheduling possible for slowly moving users

· Resources during silent periods released and can be reallocated to other (persistent) VoIP users, even a frequency hopping allocation can easily been reallocated

· Reduced DL L1/L2 control signaling only at the beginning of the talk spurt, SID frames may be scheduled dynamically or persistently

· Resource request (RR) signaling only at the beginning of the talk spurt (and for SID frames?)

· Allows using adaptive HARQ

· If the BLER target of the first transmission is in the order of 10-20%, only 10-20% of the transmissions require L1/L2 control signaling.

· Allows reallocating the unused HARQ resources to other VoIP users

Cons:

· Some capacity loss due to semi-persistent allocation of the initial transmission

· Persistent allocation of the TB size has to be done for the maximum VoIP packet size, i.e., some padding is needed (with SID frame upto 30 bytes padding unless RR can tell that a SID frame is in the buffer)

2.4
Discussion

Due to the benefits of dynamic scheduling we propose to use it as much as possible for VoIP. The scheduler can always start with dynamic scheduling. When VoIP signalling load increases, part of the VoIP users can be given a semi-persistent allocation for the initial transmissions. The retransmissions would still be scheduled for all users.
3
Conclusions

In this contribution, different scheduling approaches for UL VoIP are described and discussed. Dynamic scheduling is needed anyway as a baseline scheduling method for all services. Therefore, it is proposed that dynamic scheduling is the baseline scheduling approach also for the VoIP and it should be used as much as possible. If the signaling load becomes too high, a part of the VoIP users can be given a semi-persistent allocation for the initial transmissions. The retransmissions would still be scheduled for all users. This allows the usage of adaptive HARQ for all users.
Before specifying additional scheduling schemes other than the baseline dynamic allocation, the need of those schemes shall be carefully considered to justify the additional system complexity from having several scheduling options.
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