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1
Introduction

In this contribution we describe scheduling methods for uplink and downlink VoIP traffic.  
2
Uplink VoIP Scheduling
We envision the following procedure for scheduling uplink traffic. Synchronous HARQ is assumed. 
· UE requests assignment of UL resources by sending a special codeword on CQICH

· Multiple codewords could be allocated to differentiate various buffer levels.

· Two codewords work well for VoIP 

· Full rate frame

· SID frame 

· Node B assigns appropriate resources based on requests from UEs

· Persistent resource assignment is reasonable for full rate frames

· Facilitates reduction of downlink control channel overhead

· Very good performance as shown in Table 1 and in [1].
· Non-persistent assignment is suitable for SID frames due to large inter-arrival time 

·  Downlink overhead is reasonable due to infrequent SID frames arrivals
	IoT [dB]
	# grants per TTI
	# UEs (12.2 k vocoder- 333 bits per full rate frame; 40% activity)

	4.40
	0.52
	216

	4.51
	0.53
	228

	4.82
	0.49
	240


Table 1: UL VoIP capacity for 12.2 kbps vocoder for simulation scenario 1: 0.5 km site to site distance; TU 3 channel model; 20 dB penetration loss on 5 MHz system. CQI reports sent every 20 ms; fixed MCS for all UEs.
When given persistent assignment, UE retains the resources as long as it transmits data. UE must not transmit on assigned UL resources using permanent grants if

· UE did not utilized a resource block for more than maximum number of ms, as configured by eNode B
· Typical value should be around 30-60 ms
Therefore eNode B can de-assign UL resources if it does not correctly decode UL transmission for 30-60 ms. To account for possible ACK/NAK errors, eNode B may apply a bit longer timer before it actually swaps resources .

In order to speed up swapping of resources, UE may be required by eNode B to send inband request with no data indication if it does not transmit on particular HARQ instance for more than maximum number of ms, as configured by eNode B. Typical value should be around 30 ms (above 20 ms to account for VoIP frames inter-arrival time). Inband request with no data must be sent separately for each HARQ instance. To reduce transmission time, such message could be:

· Send with lower modulation and coding
· Higher power level

In order to efficiently support persistent assignments, the HARQ termination statistic, on average, should finish within inter-arrival time of VoIP packets. This means that average number of transmissions should span close to 20 ms. In practice, somewhat smaller value is recommended in order to prevent queue build up. In order to obtain desirable termination statistics and maximize air interface efficiency, it is necessary to appropriately adjust the number of HARQ instances and/or target transmissions:
· Number of HARQ instances could be configurable by eNode B per UE basis

· Data traffic may not require the same number of HARQ instances

· Modulation and coding and actual transmitted bits should be selected in such a way that the maximum coding gain is achieved for average number of transmissions
Hence, by appropriately designing HARQ termination statistic, bandwidth loss due to early HARQ termination can be virtually eliminated. By avoiding partitioning UEs into relatively small groups, talkspurt scheduling approach allows eNode B scheduler to fully exploit statistical multiplexing gains of wideband systems.  

3
Downlink VoIP Scheduling

In principle, the downlink VoIP scheduling mechanism could be the same as for uplink. UE may be given a persistent assignment. Resources are swapped when there is no more data destined for a particular UE. In order or make sure proper handling of error cases when swapping resources between UEs, it is necessary that

· CRC is masked with UE’s C-RNTI 

· Uplink ACK/NAK is OOK modulation.

Unlike uplink, due to the different nature of uplink and downlink, control channel less operation is feasible in the downlink [2]. In such a scenario:

· UE is assigned limited set of resource where it can expect data. 
· UE blindly decodes data traffic considering all the hypothesis for possible

· Resource blocks 

· Modulation and coding formats 

The benefits of the reduced downlink overhead due to control channel less operation compared to fully scheduled approach (packet scheduling) are summarized in Table 2.

	12.2 k with control
	12.2 k without control
	7.95 k with control
	7.95 k without control

	301 
	360 
	378  
	468


Table 2: UL VoIP capacity for 12.2 kbps vocoder for simulation scenario 1: 0.5 km site to site distance; TU 3 channel model; 20 dB penetration loss on 5 MHz system. CQI reports sent every 20 ms; fixed MCS for all UEs; 40% activity, SIDs blanked; 5% outage.

Similarly as in case of persistent assignments, it is necessary to xOR CRC with UE’s C-RNTI and that OOK modulation is used for uplink ACK/NAKs. In both of the above scenarios, synchronous HARQ is necessary. Asynchronous HARQ requires fully scheduled transmissions.
4
Conclusions

In this document we have presented our views how to handle VoIP traffic. Existing control channels can be used, incurring very small overhand. Specialized, additional control channel is not necessary. 
The above characteristics for VoIP scheduling are recommended to be captured into [3].
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