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1. Introduction

A test set-up for loopback measurement of the UE delay and speech quality in the presence of jitter and loss was presented by the source in S4-131040. The set-up used simple statistical distributions for generation of packet loss and jitter, with packet loss and maximum jitter figures that attempted to mimic the HSPA delay traces provided in TS 26.114.


In this contribution, further consideration is given to establish delay profiles that are more representative of IMS based speech services over LTE and that could be used for testing UEs in the presence of jitter.
2. Sources of delay and delay variation in VoLTE

The choice of DRX cycle has a significant impact on the end to end delay of a VoLTE call as described . In addition, HARQ re-transmissions, processing and routing times at the EPC, are sources of the jitter seen by the receiving UE. This contribution considers potential delay variations in a typical scenario that assumes: 

· Semi-persistent scheduling for both uplink and downlink (due to signaling efficiency for VoLTE).
· 20ms and 40ms DRX cycles.
· The maximum 10% BLER used in LTE.
· CQI1 requirements of 99% of packets successfully transmitted in < 80ms (TS 23.203).
· A delay from eNB to eNB of 30ms +/- 3ms (variable between networks)

· 8ms for each HARQ re-transmission.
· Max 2 HARQ re-transmissions in each path (UE to eNB and eNB to UE)*
*Considering a maximum BLER of 10%, no more than two re-transmissions are needed to meet the CQI1 requirements of <1% packet loss. 


This scenario is simplified by considering that transmission opportunities are given for every DRX cycle where a packet is available for transmission. In practice, it is possible that a transmission opportunity is missed by either the UE or by the eNodeB scheduler. The source considers however that these scenarios are rare and should account for less than 1% of the transmitted packets (these packets would also eventually violate the 80ms constraint of 23.203 in a 40ms DRX cycle scenario). Since some packet loss by the JBM is allowed in 26.114 (in addition to the air interface PLR of 23.203) it is possible that these packets are eventually missed depending on JBM optimization. 

Of importance in this scenario is the effect of the DRX cycle in “equalizing” the packet delay values at the receiving eNodeB. While the transmission delay of a packet from the transmitting UE to the receiving eNodeB may vary from packet to packet (due to HARQ re-transmissions and network jitter), the packets can only be transmitted from the eNodeB to the receiving UE at the following instances (under the reasonable assumption of low jitter between two eNBs): 

Table 1 - Possible packet delay values with SPS and DRX for typical EPC jitter conditions
	X 
	a delay dependent on network delay and alignment between speech encoding, eNB1 and eNB2 drx cycles.

	X+8ms
	in case a re-tx is necessary (< 10% of cases where dly=X)

	X+16ms
	in case a 2nd re-tx is necessary (<1% of cases where dly=X)

	X+[drx_cycle_length] ms
	packet transmission delayed to next DRX cycle

	X+[drx_cycle_length]+8ms 
	packet transmission delayed to next DRX cycle and retx necessary

	X+[drx_cycle_length]+16ms
	packet transmission delayed to next DRX cycle and 2nd retx necessary



Figure 1 illustrates an example of two successive speech frames undergoing the transmission scenario described; with the following hypothetical situation:

mis_UE1_eNB1 = 4ms
The (random from call to call) misalignment between the UE1 speech encoder delivery and the transmission opportunity from UE1 to eNB1
mis_UE1_eNB2 = 2ms

The (random from call to call) misalignment between the UE1 speech encoder delivery and the transmission opportunity from eNB2 to UE2
eNB1_eNB2_dly(1) = 29ms

eNB1_eNB2_dly(2) = 31ms
Network delay from eNB1 to eNB2 for the first and second packet transmissions
Nretx_UL(1) = 2

Nretx_UL(2) = 0
Number of re-transmissions from UE1 to eNB1 for the first and second packets
Nretx_DL(1) = 0

Nretx_DL(2) = 1
Number of re-transmissions from eNB2 to UE2 for the first and second packets
drx_cycle_length = 20ms

The drx cycle length
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Figure 1 - Example of packet transmission timeline between two UEs for DRX cycle = 20ms

3. Pseudo-code for generation of profiles

A pseudo-code is presented below to generate delay profiles corresponding to the scenarios described. Appendix A presents a few different profiles generated with the code below
function [UE1_UE2_dly,plr,mis_UE1_eNB1,mis_UE1_eNB2] = ...
    VoLTEDelayProfile(BLER, max_tx, nFrames, drx_cycle_length, max_net_delay, min_net_delay)
% drx_cycle_length : The length of the DRX cycle
% max_net_delay    : The maximum network delay between eNB1 to eNB2
% min_net_delay    : The minimum network delay between eNB1 to eNB2
% BLER: The block error rate. This is max 10% for LTE.
% max_tx: The maximum number of transmission attempts. Use 3 for < 1% PLR
% nFrames: The number of frames for the simulation
UE1_UE2_dly = zeros(nFrames, 1);
UE1_eNB1_dly = zeros(nFrames,1);
UE1_eNB2_dly = zeros(nFrames,1);
eNB2_UE2_dly = zeros(nFrames,1);
eNB1_eNB2_dly = min_net_delay + (max_net_delay-min_net_delay).*rand(nFrames,1);
ack1 = zeros(nFrames, 1); % For each frame, an ack1 of 1 indicates successful transmission from UE1 to eNB1
ack2 = zeros(nFrames, 1); % For each frame, an ack2 of 1 indicates successful transmission from eNB2 to UE2
mis_UE1_eNB1 = ceil((drx_cycle_length).*rand(1)); % The (random) misalignment between the UE1 speech encoder delivery and the transmission opportunity from UE1 to eNB1
mis_UE1_eNB2 = ceil((drx_cycle_length).*rand(1)); % The (random) misalignment between the UE1 speech encoder delivery and the transmission opportunity from eNB2 to UE2
% 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)
for frame = 1:nFrames
    UE1_eNB1_dly(frame)=mis_UE1_eNB1;
    n=0;
    while n < max_tx
        if (rand(1) < BLER)
            UE1_eNB1_dly(frame) = UE1_eNB1_dly(frame)+8;
            n=n+1;
            ack1(frame)=0;
        else
            ack1(frame)=1;
            n=max_tx;
        end
    end
    UE1_eNB2_dly(frame) = ack1(frame).*(UE1_eNB1_dly(frame) + eNB1_eNB2_dly(frame));
end
% 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)
for frame = 1:nFrames
    if drx_cycle_length == 0
        eNB2_UE2_dly(frame) = 0;
    else
        eNB2_UE2_dly(frame) = mis_UE1_eNB2 + ceil(UE1_eNB2_dly(frame)/drx_cycle_length)*drx_cycle_length - UE1_eNB2_dly(frame);
    end
    n=0;
    while n < max_tx
        if UE1_eNB2_dly(frame)==0;
            ack2(frame)=0;
            n=max_tx;
        else
            if (rand(1) < BLER)
                eNB2_UE2_dly(frame) = eNB2_UE2_dly(frame)+8;
                n=n+1;
                ack2(frame)=0;
            else
                ack2(frame)=1;
                n=max_tx;
            end
        end
    end    
    UE1_UE2_dly(frame)=ack2(frame).*(UE1_eNB2_dly(frame)+eNB2_UE2_dly(frame));
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;
hist(UE1_UE2_dly,100);
Appendix A
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Figure 2 - Scenario 1 (lab testing in perfect channel condition)
	BLER
	0%

	Max number of retx
	2

	mis_UE1_eNB1
	5ms

	mis_UE1_eNB2
	15ms

	drx_cycle_length
	20ms

	max_net_delay
	0ms

	min_net_delay
	0ms

	plr
	0%
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Figure 3 - BLER = 2%, DRX cycle = 20ms, network delay between 25ms and 30ms
	BLER
	2%

	Max number of retx
	2

	mis_UE1_eNB1
	17ms

	mis_UE1_eNB2
	8ms

	drx_cycle_length
	20ms

	max_net_delay
	25ms

	min_net_delay
	30ms

	plr
	0%
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Figure 4 - BLER = 10%, DRX cycle = 20ms, network delay between 30ms and 50ms
	BLER
	10%

	Max number of retx
	2

	mis_UE1_eNB1
	3ms

	mis_UE1_eNB2
	2ms

	drx_cycle_length
	20ms

	max_net_delay
	30ms

	min_net_delay
	50ms

	plr
	0,1%


[image: image5.emf]0 20 40 60 80 100 120 140 160 180 200

0

100

200

300

400

500

600

700

800

900

1000

packet delay [ms]

number of packets out of 1000


Figure 5 - BLER = 2%, DRX cycle = 40ms, network delay between 25ms and 30ms

	BLER
	2%

	Max number of retx
	2

	mis_UE1_eNB1
	12ms

	mis_UE1_eNB2
	29ms

	drx_cycle_length
	40ms

	max_net_delay
	25ms

	min_net_delay
	30ms

	plr
	0%
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	BLER
	10%

	Max number of retx
	2

	mis_UE1_eNB1
	38ms

	mis_UE1_eNB2
	37ms

	drx_cycle_length
	40ms

	max_net_delay
	30ms

	min_net_delay
	50ms

	plr
	0,2%


4. Conclusions


A typical scenario for VoLTE call scheduling (SPS with DRX and) is presented in section 2 along with a simulation code for deriving the pkt2pkt delay. Under these constraints it can be seen that the [maximum-minimum] delay variation, i.e. jitter is equal to the DRX_cycle_length + 16ms. Furthermore, the packet delays are equalized by the DRX cycle at the receiving eNB providing a specific packet delay distribution to LTE that is different from the HSPA scenarios described in 26.114.
5. Proposal

It is proposed to adopt the scenario described in section 2 as one of the scenarios for the testing of UE delays under jitter and loss conditions. A few hypothetical profiles can be generated using the pseudo-code presented in section 3 but the general approach leads to the following conditions:
[maximum – minimum] delay ≤ drx_cycle_length + 16ms

Packet loss rate ≤ 0.2%
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