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1 Introduction

VoIP should be supported as efficiently as possible in LTE where the conventional CS voice service will no longer be available. In a scheduled mobile communication system like LTE, the scheduling overhead would be untolerable for services like the VoIP service, where small packets are generated periodically. This contribution discusses how to minimize the overhead of schedduling commands and scheduling requests. 

2 Traffic Model
In VoIP, codec negotiation is an end-to-end operation so any kind of codec can be used. However we assume that AMR will remain as a major codec for mobile systems evolved from 3GPP, hence we assume AMR codec in this contribution.

The traffic model of AMR over VoIP is shown in the figure 1, where transient state comes first, then talkspurts and silent periods alternate. 
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Fig. 1 Traffic model of AMR over VoIP

Following characteristics of AMR/VoIP should be noted.

· Packet inter-arival time is constant, that the packet arrives every 20 msec in transient state/talkspurt and 160 msec in silent period.

· Packet size is almost constant in each state/AMR rate, that is 97 byte in transient state, 35 ~ 49 byte in talkspurt and 10 ~ 24 byte in silent period when AMR rate is 12.2 kbps.

· The smallest packets appear most frequently.

Considering above, VoIP could be supported in a optimized way like below: 
· Since packet size and packet arrival time are almost static, a persistent resource can be allocated for a VoIP flow. This will decrease the overhead from the scheduling commands.
· UE indicates state transition instead of reporting the actual buffer size. This will decrease the overhead caused by buffer status reporting.
· Synchronous non-adaptive HARQ is used for both uplink and downlink. This will decrease the overhead by the scheduling command further.
In the section 3, VoIP operation is described in more detail.

3 VoIP support in LTE
Downlink

Figure 2 shows the downlink operation for VoIP. 
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Fig. 2 VoIP support in the downlink
In the VoIP RB setup phase, following information is given to a UE via RRC signaling.
· resource allocation interval for talkspurt, which is 20 msec
· resource allocation interval for silent period, which is 160 msec
· HARQ RTT length

· Number of allowed trasnmissions per allocation interval

In contrast to the above, which persistent resource to be used is proposed to be signaled via the L1/L2 control channel because L1/L2 control signaling should be faster than RRC signalling w.r.t. allocation/release of resources. We believe the normal L1/L2 control signal format could be used with some values of e.g. duration field reserved for the persistent resource signaling.  
UE is monitoring L1/L2 control channel at the predefined timing (blue arrow in the figure) to see whether there is any persistent resource alloation or reconfiguration, so that dynamic resource/MCS level reconfiguration is possible if needed. 

When a UE is allocated a persistent resource for VoIP, the resource is automatically granted again after the resource allocation interval, which is signaled in the RRC message, unless the resource is modified or released.
To cope with the variation in the number of the HARQ retransmissions, slightly modified non-adaptive synchronous HARQ is used that within a resource allocation interval the resource is automatically granted after HARQ RTT until HARQ ACK is received or the number of transmissions allowed per allocation interval reaches. If HARQ operation is not completed within a allocation interval, it could be continued in the next interval like described in the figure 3, therefore UE needs to blindly detect whether it is the initial transmission or retransmissions. 
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Fig. 3 VoIP packet transmission over persistently allocated resource

The green boxes in the figure means the persistently allocated resource, where the number of allowed transmissions per allocation interval is 2.  If the persistently allocated resource is not used due to e.g. early termination, it could be allocated to other UE. 
Uplink
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Fig. 4 VoIP support in the uplink

The operation for uplink VoIP packet transmission is almost same as that of the downlink transmission. 
One difference is that UE needs to inform the state change when it happens. Basically only 1 bit would be enough for this, because states sequence is predictable. We are open to which uplink channel should be used for it, but the uplink physical channel should be sufficiently robust. 
Please note that in case of transition from transient to talk spurt or from talkspurt to silent period, the VoIP packet underutilizes granted resource which can be the indication of the state transition, so it may be possible to send the state change indication only when the required bandwidth increases, if minimizing the concerned uplink physical channel usage is needed.

4 Performance evaluation

Based on the procedure explained in section 3, we performed system level simulation for uplink VoIP. Table 1 shows the uplink VoIP capacitiy and Fig. 5 shows percentage of UEs with BLER less than 2% depending on the delay bound for each case. Simulation assumptions are summarized in Annex A.
	Avg. IoT[dB]
	# of VoIP UEs

	4.92
	230

	6.07
	240

	7.00
	250

	8.31
	260


Table 1. Uplink VoIP capacity in E-UTRA
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Fig. 5 Percentage of UEs with BLER < 2% depending on the delay bound in E-UTRA
5 Conclusion

As a summary, followings are proposed.

· Persistent resource is used for VoIP both for the downlink and for the uplink.

· Following persistent configuration information is signaled to a UE by RRC  

· resource allocation interval for talkspurt

· resource allocation interval for silent period

· HARQ RTT length

· Number of allowed transmissions per resource allocation interval

· Persistent resource and transport block size are signaled to a UE by L1/L2 control channel. 

· Persistent resource for VoIP is the resource automatically granted after HARQ RTT until HARQ ACK is received or until the allowed number of transmissions is reached within a resource allocation interval and granted at the next resource allocation timing. 

· Persistent resource is valid until it is modified or released.

· For uplink, UE sends the state transition indication to report the transitions between transient/talkspurt/silent period. 
It is proposed to use above operations as the starting point for VoIP optimization.
Annex A. Simulation assumptions 

Table A1.  Simulation test case 
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	5
	20
	3


Table A2: System simulation parameters
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m  (Case 1)

	Minimum distance between UE and cell
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	UE transmission power
	21 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	Thermal noise density
	-174 dBm/Hz

	Power Control
	CQ pilot-based, 50Hz

	Overhead channel (pilot and other control channels)
	2 short blocks and 1 long block

	Modulation scheme and Channel coding rate
	QPSK, 2/3

	Scheduling algorithm
	Semi- Static scheduling

	Effective SIR mapping function
	Effective SIR method

	Packet combining method in hybrid ARQ
	Synchronous HARQ

	Maximum number of retransmission
	4

	Number of receiver antennas
	2

	Traffic model
	VoIP (Full rate AMR with 0,32 voice activity, SID is not assumed to be transmitted)

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h

	TTI
	1ms
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