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1 Introduction
In Evolved UTRA, VoIP service is one important service to be supported. However, VoIP service has different characteristics from other services. The size of packet data for VoIP is very small and periodically generated. Considering these kinds of characteristics, dynamic scheduling, i.e. request and grant signaling per TTI doesn’t seem to be a good approach in signaling overhead point of view. Instead, persistent scheduling has been discussed as one option for VoIP. Thus, in this document, we investigate the persistent scheduling for VoIP and related control signaling overhead.
2 Persistent scheduling procedure
Figure 1 shows the example of persistent scheduling for VoIP traffic service. UE generates VoIP per 20ms TTI during talk-spurt and SID per 160ms during silent period. Since there is no jittering in uplink side, packet generation would not experience the delay. NodeB allocates different resource depending on UE status as follows.
· When UE start to generate VoIP data, 

· UE sends uplink scheduling request.
· NodeB assigns the frequency resource to this UE with persistent scheduling. NodeB will assign resource considering average number of retransmissions or target number of transmissions. Retransmission timing needs to be pre-configured. 
· After receiving the allocation with persistent scheduling, UE assumes that resource is reserved for itself at every 20ms and hence, UE sends VoIP data with the scheduled resource. 
· When UE goes to the silent period,
· UE sends SID before entering the silent period with the allocated resource. 
· NodeB de-allocates the resource and allocates the resource for SID if NodeB receives SID data.
· After receiving the allocation with persistent signaling, UE assumes that resource is reserved for itself at every 160 ms and hence, UE sends SID data with the scheduled resource. 

It was concerned that if the persistently allocated resource includes room for HARQ retransmissions that may not be used in case of early termination. However, unused resource due to early termination can be utilized for other UEs , e.g. non-persistent UEs. If a collision is expected to happen between the retransmission of non-persistent UE and initial transmission of persistent UE, NodeB scheduler can change the frequency resource of retransmission of this non-persistent UEs or persistent UE. 
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3 Discussion on control signaling for persistent scheduling
If persistent scheduling is applied to support VoIP, two benefits are expected as follows. 
· Small number of grant signalling is required: Considering the VoIP has very limited kinds of data rate and requires small amount of resource, frequency selective scheduling is not needed. It means changing MCS level or amount of resource won’t be required frequently. Thus, grant signaling is usually needed when NodeB want to change the amount of frequency resource, e.g. transition between talk-spurt and silent period. 
· Based on the procedure explained in section 2, we performed system level simulation for VoIP and logged the number of grants per TTI as shown in Table 1. The simulation assumptions and other capacity results are summarized in Annex A and Annex B, respectively. The number of grants per TTI is very small, much less than 1 per TTI. 
	IoT [dB]
	#  of UEs
	# of grants/ TTI

	4.92
	230
	0.156

	6.07
	240
	0.164


Table 1. Number of grants per TTI 
· As another option to support VoIP service, grouped scheduling approach with BIT MAP signaling was proposed [1]. One concern for this scheme is that grant signaling needs to be transmitted in every TTI. Even though BIT MAP requires small number of information bits to signal to multiple UEs, transmitting in every TTI requires higher NodeB power compared to the persistent scheduling if we take into account the effective frequency of grants signaling. From this point of view, we evaluate the effective NodeB power consumption of each scheme as shown Table2. We use the same simulation assumption and methodology in [2]. 
	
	Persistent scheduling
	Grouped scheduling

	Information bit size
	50
	50

	# of UEs /TTI/cell
	24
	24

	Average NodeB power consumption of one SCCH

(case 1, ISD=500m) 
	2.37%
	8.71%

	# of grants/TTI
	0.164
	1

	Effective average NodeB power consumption 
	0.39%
	8.71%

	Average NodeB power consumption of one SCCH 
(case3, ISD=1732m)
	2.98%
	13.60%

	# of grants/TTI
	0.164
	1

	Effective average NodeB power consumption
	0.49%
	13.60%


Table 2. Comparison of Node B power Consumption 
4 Conclusion

We investigated the persistent scheduling procedure for VoIP and the signaling overhead. With persistent scheduling, the small number of grants is expected and results in the low effective Node B power consumption. Thus, we recommend applying the persistent scheduling approach to support VoIP service. 
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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

	
	WCDMA E-DCH
	E-UTRA

	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
	Pilot based, 1.5kHz
	CQ pilot-based, 50Hz

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

	Modulation scheme and Channel coding rate
	BPSK, TC 1/3
	QPSK, 2/3

	Scheduling algorithm
	Proportional Fair with delay value
	Semi- Static scheduling

	Effective SIR mapping function
	Short-term link mapping
	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
	2ms
	1ms


Annex B. VoIP Capacity Results

	Avg. IoT[dB]
	# of VoIP UEs

	4.92
	230

	6.07
	240

	7.00
	250

	8.31
	260


Table B1. VoIP capacity in E-UTRA
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Figure B1. Percentage of UEs with BLER < 2% depending on the delay bound in E-UTRA
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