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1
Introduction

During previous RAN2 meetings, several companies have been studying the bundling of VoIP packets. In this contribution, we examine the potential benefits of VoIP bundling in order to decide the need for support of VoIP bundling in LTE uplink scheduling.
2
Simulation results on VoIP Bundling
The simulation is performed based on both the fully dynamic and persistent scheduling with and without bundling. For the persistent scheduling, the resource has been pre-allocated for both initial and 1st retransmission. For 2nd and more retransmissions, the simulation used the fully dynamic scheduling. In this simulation, we also modelled the different handling of talk spurts and silent mode so that the SID packets during silent mode are fully dynamically scheduled. This would ensure the better resource utilization during silent mode. The number of resource blocks pre-allocated in persistent scheduling is assumed to be 2 and MCS (QPSK, CR=3/5, TBS=344, SIR=2.31 dB) was used for talk spurts packet transmissions. Note that we assume the inter site distance of 500 m in this contribution.

For bundling modelling, we used the 40 msec pre-defined resource allocation so that two VoIP packets can be bundled together. 1st retransmission of bundled VoIP packets is also scheduled in persistent way. Since the bundled VoIP packet size would be two times larger than non-bundled case, 4 PRB was pre-allocated with MCS (QPSK, CR=3/5, TBS=344 x 2, SIR=2.31 dB).
The figure 1 shows the comparison of VoIP capacity for three cases. In Figure 1-a, it is shown that the bundling achieve the least capacity so that 150 UE(s) seems to be the maximum capacity of Bundled scheduling case where as non-bundled persistent scheduling can support 50 UE more than bundled persistent scheduling case. Dynamic scheduling is then giving the most capacity reaching up to 250 VoIP UE. The IoT level comparison in Figure 1-b also shows similar trends so that the dynamic scheduling provides the least IoT level where the bundled persistent scheduling shows the worst IoT performance. 
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(a)                                           (b)
Figure 1: VoIP Capacity comparison (Dynamic, Persistent with and without Bundling)
In order to further look at the reason of capacity loss of bundled persistent scheduling, the resource utilization of three scheduling schemes were compared in Figure 2. The Resource Utilization is defined to show how many uplink physical resource blocks are used in how much percentage of time. For the dynamic scheduling case, during 50% of time, only less than 9 physical resource blocks were used where as both persistent scheduling with/without bundling shows more than 12 resource blocks were used during 50% of time. This can explain the resource utilization of dynamic scheduling is much better due to its flexibility of controlling the number PRB on need basis while the persistent scheduling could not really cope with the time and frequency diversity. Then comparing both persistent scheduling with and without bundling, we see that the distribution of persistent scheduling with bundling is much wider and irregular than that of persistent scheduling without bundling. The implication of wider spead of resource utilization is to prepare more margin for stable operation (similar to large step size power control problem in WCDMA). 
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Figure 2: Resource Utilization
Bundling could have been useful in conjunction with the dynamic scheduling, since the bundling could reduce the L1/L2 control signalling by 50%. However with the persistent scheduling agreed, the L1/L2 control signalling issue is no longer critical issue for the uplink scheduling. Needless to say, the bundling will increase the packet access delay as well. 
4
Conclusions

In this contribution, we have presented the simulation results on the capacity comparison between dynamic, persistent scheduling with and without bundling. Our results shows that the bundling actually causes the capacity loss compared to non-bundled normal persistent scheduling. It is proposed to agree on:
· Identify the potential benefits of packet bundling other than capacity improvement. 
· If not indefinable, VoIP packet bundling shall not be supported in LTE.
Simulation Assumptions
Table 0‑1 UTRA and EUTRA simulation case minimum set
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

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

	1
	2.0
	500
	5
	20
	3


Table 0‑2 Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19cell sites, 3 sectors per site

	Inter-site distance (ISD)
	See Table 0‑1

	Distance-dependent path loss
	L=128.15+37.6*log10(R), R in kilometers

	Lognromal Shadowing
	Similar to UMTS 30.03 B1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	See Table 0‑1

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel Model
	TU

	UE speeds of interst
	3 km/n

	UE power class
	24 dBm (250 mW)

	Total BS Tx Power
	43 dBm (20 W)

	Inter-cell Interference Modelling
	Explicit modeling

	Antenna Bore-sight points flat side of cell (for 3-sector sites with fixed antenna patterns)
	

	User dropped uniformly in entire cell
	

	Minimum distance between UE and cell
	35 meters

	Scheduler
	PF in time and frequency

	Traffic Model
	Encoder frame length: 20ms

Voice activity factor (VAF): 50%

SID payload: Modeled 15 bytes (5Bytes + header), SID packet every160ms during silence

Total voice payload on air interface: 40bytes (Inc. header: 10bytes)


Table 0‑3 Reference LTE parameters for Uplink

	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	See Table 0‑1

	User bandwidth (RB size)
	180 kHz, TTI = 1 ms

	Number of data RB
	21

	Minimum and Peak Rate
	0.25 ~ 11.1 Mbps (5Mhz, 21 RBs)

	HARQ
	Asynchronous adaptive with CC

6 processes

	Power Control
	Slow power control
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	MIMO
	Not supported

	Interference coordination
	Reuse 1

	UE transmitter
	1 antenna

	NB receiver
	2 antennas
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