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1 Introduction
This document present delay profile based on an update of the model used in S4-AHQ077 for simulation delay profiles for IMS based speech services over LTE for typical VoLTE to VoLTE call scenarios.

The model in the present document has been updated with respect to the following:

· The effect of packet bundling is implemented in 40ms DRX

· The HARQ re-transmissions are effective of all packets send within one DRX cycle

· The misalignment between the DRX cycles of the two eNodeB’s in the delay profiles for end-to-end DRX simulation (i.e. for use with error and jitter free system simulator configuration using no DRX) has been set to generate a worst case jitter for the respective DRX period and not set randomly. The jitter in the proposed delay profiles are consistent with the minimum jitter buffer depth as discussed in Table X/Note 3 of the proposed draft CR to 26.132 on LTE UE delay requirements. 
· The network transmission time has been set to vary in the range 30 +/- 3ms as proposed in the conclusion of S4-AHQ077  
The number of jitter profiles has also been reduced to only cover the two cases of 20 and 40ms DTRX, each with 10% BLER on the physical layer resulting in approximately 0.1% lost frames on each link. 
2 Description of profiles
The profile has been generated according to the following:
· 20ms DRX cycle and 40ms DRX cycles

· A 10% BLER on each simulated link

· A delay from eNB to eNB (EPC delay) of 30ms +/- 3ms

· 8ms for each HARQ re-transmission.

· Max 2 HARQ re-transmissions in each path (UE to eNB and eNB to UE)

· A difference between the scheduling times of the two eNB’s of 10ms for 20ms DRX and 30ms for 40ms DRX
The updated pseudo-code in Section 3 is used with the parameters according to Table 1 for generating the delay profiles for 20ms and 40ms DRX cycle as described in Table 2. The delay profiles are available as an attachment to this contribution.
Table 1: Input paramters used for generating delay profiles.

	20ms DRX
	VoLTEDelayProfile(0.1, 0.1, 3, 3, 8000, 20, 10, 33, 27, 0)

	40ms DRX
	VoLTEDelayProfile(0.1, 0.1, 3, 3, 8000, 40, 30, 33, 27, 0)


Table 2: Delay profiles.

	Network simulator configuration
	Simulation condition
	Profile file name
	Correction value due to delay profile

	Used when system simulator supports DRX and error insertion.
	20ms DRX, 10% BLER in send direction. 
	delay_profile_20msDRX_10pct_BLER.txt
	27ms+Network simulator scheduling delay

	
	40ms DRX, 10% BLER in send direction
	delay_profile_40msDRX_10pct_BLER.txt
	27ms+Netowork simulator scheduling delay

	Used with system simulator with error and jitter free transmission and no system simulator DRX
	20ms DRX, 10% BLER in send and receive direction 
	delay_profile_20msDRX_10pctBLER_e2e.txt
	30ms

	
	40ms DRX, 10% BLER in send and receive direction
	delay_profile_40msDRX_10pctBLER_e2e.txt
	30ms


3 Updated pseudo-code for generation of profiles
function [UE1_UE2_dly,UE1_eNB2_dly,plr,comp_e2e,comp] = ...
    VoLTEDelayProfile_vPHY(BLER_tx, BLER_rx, max_tx, max_rx, nFrames, drx_cycle_length, mis_eNB1_eNB2, max_net_delay, min_net_delay, seed)
% BLER_tx          : The block error rate in uplink. 
% BLER_rx          : The block error rate in downlink. 
% max_tx           : The maximum number of transmission attempts in uplink. Use 3 for < 1% PLR
% max_rx           : The maximum number of transmission attempts in downlink. Set this
% nFrames          : The number of frames for the simulation
% drx_cycle_length : The length of the DRX cycle
% mis_eNB1_eNB2    : Scheduling time mis-alignment between eNB1 and eNB2 
% max_net_delay    : The maximum network delay between eNB1 to eNB2
% min_net_delay    : The minimum network delay between eNB1 to eNB2
% seed             : Random number generator seed
rng(seed); 
UE1_UE2_time = zeros(nFrames, 1);
UE1_eNB2_time = zeros(nFrames,1);
eNB1_eNB2_dly = round(min_net_delay + (max_net_delay-min_net_delay).*rand(nFrames,1));
ack1 = zeros(nFrames,1); 
ack2 = zeros(nFrames,1); 
wall_clock = 20;
frame = 1;
frame_size = 20;
simulationTime = nFrames*frame_size;
% Calculates the delay from UE1 speech encoder delivery to eNB2. If
% transmission to eNB1 is not successful after max_tx attempts, dly = 0 (packet loss)
while (wall_clock<=simulationTime)
    % Set the scheduling time
    if drx_cycle_length == 0
        UE1_scheduling_time=wall_clock;
    else
        UE1_scheduling_time=ceil(wall_clock/drx_cycle_length)*drx_cycle_length;
    end
    % Add the tx effect for the scheduling time 
    n=0;
    eNB1_receive_delay = 0;
    while n < max_tx
        if (rand(1) < BLER_tx)
            eNB1_receive_delay = eNB1_receive_delay+8;
            n=n+1;
            ack=0;
        else
            ack=1;
            n=max_tx;
        end
    end
    while (wall_clock<=UE1_scheduling_time)
        UE1_eNB2_time(frame)=ack*(UE1_scheduling_time+eNB1_receive_delay+eNB1_eNB2_dly(frame));
        wall_clock=wall_clock+frame_size;
        ack1(frame)=ack;
        frame=frame+1;
    end;
end
% Translate arrival time to packet delay for UL simulation
wall_clock = frame_size*(1:nFrames)';
UE1_eNB2_dly = max(0, UE1_eNB2_time-wall_clock);
% Sort for monotonic arrival time to DL for simulation
[UE1_eNB2_time,monotonic_index]=sort(UE1_eNB2_time);
% Calculates the delay from eNB2 to UE2 (only for those packets that
% successfully arrived at the eNB2!). If transmission to UE2 is not
% successful after max_tx attempts, dly = 0; (packet loss)
frame = 1;
UE2_scheduling_time=mis_eNB1_eNB2;
while frame<=nFrames    
    % Add the rx effect for the scheduling time 
    n=0;
    eNB2_transmit_delay = 0;
    while n < max_tx
        if (rand(1) < BLER_rx)
            eNB2_transmit_delay = eNB2_transmit_delay+8;
            n=n+1;
            ack=0;
         else
            ack=1;
            n=max_rx;
        end
    end
    while ((frame<=nFrames)&&(UE1_eNB2_time(frame)<UE2_scheduling_time))
        if (UE1_eNB2_time(frame)==0)
            UE1_UE2_time(frame)=0;
        else
            UE1_UE2_time(frame)=ack*(UE2_scheduling_time+eNB2_transmit_delay);
        end
        ack2(frame)=ack;
        frame=frame+1;
    end
    % Update the scheduling time
    UE2_scheduling_time=UE2_scheduling_time+drx_cycle_length;
end
% Re-order for orignal transmit order
UE1_UE2_time(monotonic_index) = UE1_UE2_time;
% Translate arrival time to packet delay
wall_clock = frame_size*(1:nFrames)';
UE1_UE2_dly = max(0, UE1_UE2_time-wall_clock);
% Set compensation values
if drx_cycle_length==0
    comp_e2e=min_net_delay;
    comp=min_net_delay;
else    
    comp_e2e=min(UE1_UE2_dly(UE1_UE2_dly>0));
    comp=min(UE1_eNB2_dly(UE1_eNB2_dly>0));
end
% Calculates the overall packet loss from UE1 to UE2
pl=0;
for frame=1:nFrames
    if UE1_UE2_dly(frame)==0;
        pl=pl+1;
    end
end
plr=pl/nFrames;
figure
hist(UE1_UE2_dly,1:120);
axis([0 120 0 7500])
grid on;
xlabel('packet delay [ms]');
ylabel('number of packets out of 7500');
title(sprintf('E2E DRX%d for eNB misalignment %dms, transport delay %d-%dms: Packet delay %d-%dms', drx_cycle_length, mis_eNB1_eNB2, min_net_delay, max_net_delay, comp_e2e, max(UE1_UE2_dly)));
figure
hist(UE1_eNB2_dly,1:120);
axis([0 120 0 7500])
grid on;
xlabel('packet delay [ms]');
ylabel('number of packets out of 7500');
title(sprintf('UE1-to-eNB2 DRX%d for transport delay %d-%dms: Packet delay %d-%dms', drx_cycle_length, min_net_delay, max_net_delay, comp, max(UE1_eNB2_dly)));
4 Statistical Distribution of profiles

4.1 Histogram with different eNB misalignment
For illustration, the histogram of the delay profiles with different eNB misalignment are presented in Figures 1-14.
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Figure 1: Histogram of packet delay for 20ms DRX and 0ms misalignment
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Figure 2: Histogram of packet delay for 20ms DRX and 5ms misalignment

[image: image3.emf]0 20 40 60 80 100 120

0

1000

2000

3000

4000

5000

6000

7000

packet delay [ms]

number of packets out of 7500

E2E DRX20 for eNB misalignment 10ms, transport delay 27-33ms: Packet delay 30-66ms


Figure 3: Histogram of packet delay for 20ms DRX and 10ms misalignment
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Figure 4: Histogram of packet delay for 15ms DRX and 0ms misalignment
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Figure 5: Histogram of packet delay for 40ms DRX and 0ms misalignment
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Figure 6: Histogram of packet delay for 40ms DRX and 5ms misalignment
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Figure 7: Histogram of packet delay for 40ms DRX and 10ms misalignment
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Figure 8: Histogram of packet delay for 40ms DRX and 15ms misalignment
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Figure 9: Histogram of packet delay for 40ms DRX and 20ms misalignment
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Figure 10: Histogram of packet delay for 40ms DRX and 25ms misalignment

[image: image11.emf]0 20 40 60 80 100 120

0

1000

2000

3000

4000

5000

6000

7000

packet delay [ms]

number of packets out of 7500

E2E DRX40 for eNB misalignment 30ms, transport delay 27-33ms: Packet delay 30-106ms


Figure 11: Histogram of packet delay for 40ms DRX and 30ms misalignment
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Figure 12: Histogram of packet delay for 40ms DRX and 35ms misalignment
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Figure 13: Histogram of packet delay for 20ms DRX and use with system simulator in DRX mode
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Figure 14: Histogram of packet delay for 20ms DRX and use with system simulator in DRX mode

4.2 Comparison of the distribution of the delay profiles of S¤-AHQ077 and the proposed profiles

The power density and the distribution of the delays introduced by the profiles from S4-AHQ077 and the new proposals are compared in Figures 15 and 16.
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Figure 15: Comparison of the distributions of the delay profiles from S4-AHQ077 and the proposed for 20ms DRX
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Figure 16: Comparison of the distributions of the delay profiles from S4-AHQ077 and the proposed for 40ms DRX
5 Conclusion
It is proposed to adopt the attached delay profiles for the purpose of testing UE delay with LTE access.  
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