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

Since LTE is a packet radio system where normally each packet is scheduled by L1/L2 control signaling, it is natural to apply this dynamic scheduling also to VoIP packets as much as possible. A fully dynamic scheduling of VoIP packets (initial transmissions and retransmissions) can exploit all the benefits of dynamic scheduling: 
-
Users can be allocated on good frequencies (frequency selective scheduling) and on good time ‘slots’ (time selective scheduling), 
-
Unused resources due to silent periods as well as due to early termination of HARQ can be easily reallocated to other VoIP users.

A descriptive diagram of dynamic scheduling is shown in Figure 1.
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Figure 1: Dynamic scheduling of DL VoIP

Pros and cons of dynamics signalling:

Pros:

· No pre-determined split in resources between VoIP users and other users.
· Frequency and time selective scheduling possible (may require more CQI signaling).
· Fast and slow link adaptation possible.
· Asynchronous HARQ is possible and retransmission resources can be allocated freely to VoIP or non-VoIP users.
· Packet bundling possible.
· No blind decoding or combining needed, since the transmission instant and the transport block size is always known thanks to the L1/L2 signaling.
Cons:

· A considerable amount of L1/L2 signaling is required.
2.2
Persistent allocation of VoIP

Some sort of persistent allocation for VoIP users has been proposed by many companies, e.g., in [1]. The main driving force is the desire to reduce the amount of L1/L2 control signaling or even get rid of it completely and signal the allocation by using RRC signalling instead.

Fully persistent allocation would be equivalent to circuit-switched-like allocation for VoIP. In this case, RRC signaling would be used to allocate a time-frequency resource (localized or distributed) and 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/NACKs are not sent but instead each packet is sent a fixed number of times (as proposed in [2] for UL), thus resulting in a fixed forward error correction (FEC) scheme instead of an adaptive HARQ scheme.

The unused persistently allocated resources could in principle be used for other dynamically scheduled users during the silent periods. This would require a user specific CRC on the data channel and the NACK would not be transmitted. However, if distributed transmission is used for the persistently allocated user, such resource reuse may be difficult.

A descriptive diagram of persistent scheduling is shown in Figure 2.
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Figure 2: Persistent allocation of DL VoIP
Pros and cons of persistent scheduling:

Pros:

· Reduced signaling overhead (no L1/L2 signaling in DL).
· The allocation scheme is simple.
Cons:

· It is difficult to allocate unused distributed resources to other scheduled users.
· Maximum VoIP capacity is limited by the fact that unused resources cannot be allocated to other persistently allocated VoIP users.
· Persistent allocation requires synchronous HARQ.
· The UE tries to decode and combine the transmissions associated with preallocated resources, even if they are scheduled for some other user.
· Persistently allocated transport blocks have a fixed size and must be big enough to contain the largest VoIP packets, i.e. padding is required (with SID frame upto 30 bytes padding).
2.3
Semi-persistent scheduling of DL VoIP

A suggested semi-persistent scheduling scheme is the following: The UE is pre-assigned (using e.g. L3 signaling) a limited set of time-frequency resources, where initial transmissions are sent to the UE without L1/L2 control signaling. All retransmissions are scheduled dynamically using the L1/L2 control channel. The UE monitors the L1/L2 control channel, either in all TTIs or in preconfigured TTIs (DRX). If no allocation is given to the UE, the UE is required to blindly detect whether there are any initial data transmission to it on the pre-assigned resources (using preassigned transport format). Since the retransmissions are always scheduled, the HARQ combining is never done blindly. Furthermore, this scheme allows the use of asynchronous HARQ. The retransmissions can be freely allocated to any free resources, e.g. to resources not used by silent users. If there is no initial transmission to the UE in a given pre-assigned resource, that resource can be reused by other scheduled users.

A desciptive diagram of the suggested semi-persistent scheduling scheme is shown in Figure 3.
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Figure 3: Semi-persistent alloction of DL VoIP

The UE tries to decode blindly a VoIP packet in one of the preassigned resources (shown as dashed squares). The pre-assigned resources can be spread in time and frequency. If the UE correctly decodes a VoIP packet (the UE-specific data CRC matches), the UE sends an ACK. If the UE-specific CRC fails, the UE stores the received data samples in the HARQ buffer to wait for a possible HARQ retransmission, but does not send a NACK. Since all the pre-assigned resources have to be buffered (for possible combining of transmissions), the amount of pre-assigned resources has to be limited (both in time and frequency). If the Node B does not receive an ACK, it retransmits the VoIP packet. The retransmission is always allocated by the DL L1/L2 control channel, therefore the HARQ combining is never done blindly.
Persistent allocation methods typically assume synchronous 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 the use of asynchronous HARQ for VoIP, too. 

The pros and cons of the suggested semi-persistent scheduling scheme:

Pros:

· Some limited time/frequency scheduling is possible.
· Resources during silent periods need not be released since they are allocated to other VoIP users, too.
· Retransmissions are scheduled freely (even frequency selective scheduling could be used for them).
· Allows the use of asynchronous HARQ.
· If the BLER target of the first transmission is of 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.
· No blind combining and decoding of VoIP transmissions is necessary.
Cons:

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

· Persistent allocation of the transport block size has to accomodate the maximum VoIP packet size, i.e. padding is needed (with SID frame upto 30 bytes padding).
2.4
Discussion

Because of 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 the VoIP signaling 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 DL VoIP are described and discussed. Dynamic scheduling is needed in any case as a baseline scheduling method for all services. Therefore, it is proposed that dynamic scheduling is the baseline scheduling approach also for VoIP and that 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 use of asynchronous 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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