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Introduction
The delays of the CMW500 system simulator for circuit switched access technologies have been revised in S4-140856. This document is dealing with the system simulator loopback delay for LTE access and presents how it has been determined. 
There have been concerns that the system simulator delay might be depending on several parameters of the channel configuration. This contribution contains a section with first results for separate uplink and downlink delay measurement with the focus on the examination of the influence of various channel configurations on the delay.
Measurement Setup

The test setup is comprised of R&S UPV and R&S CMW500. The CMW500 had this SW configuration: BASE X3.2.60.5, Audio X3.2.31.1, LTE X3.2.80.16 and DAU X3.2.40.10. For overall delay measurement the POLQA speech quality test application 1GA62 of the UPV has been used. The audio connection to the UE has been made electrically. Delay Measurements are performed on a 64k samples pseudo-random noise signal by cross correlation not with POLQA. 
[image: image1.emf]
Figure 1 Test setup for measuring loopback delay
System simulator loopback delay
The loopback delay has been determined under the following assumptions: error-free radio conditions, no parallel end-to-end data transfer and one single RTP packet within one MAC block, no concatenation or segmentation of data. Under these conditions one MAC block contains one speech frame; the recorded signaling log of the CMW500 has been used to identify and correlate incoming and outgoing speech frames and their corresponding frame numbers over the air. The radio frame number allows an exact determination of the time, how long the speech frame resides inside the instrument.
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Figure 2 Mapping of physical layer to IP payload taken from [1]

Figure 2 and 3 show the logging information for the two MAC frames containing the same speech frame received and transmitted by the CMW500 during loopback. The log is analyzed using R&S CMWmars Message Analyzer option (CMW-KT021/023). This tool provides a scripting interface for automated examination of the recorded logs.
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Figure 3 Example of logging for an incoming MAC frame
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Figure 4 Example of logging for an outgoing MAC frame
Figure 5 and 6 show two examples of the output of the script. The script first extracts the message ID, the frame number, the sequence number, the timestamp and data content from uplink and downlink speech frames. From the content it tries to find matching pairs and calculates the time difference of the found pairs on basis of the frame number and the subframe index.
Table 1 contains the results for some configurations with added delay, with and without jitter.
All calls (1 to 23) were made with the following configuration.

Duplex Mode FDD
Default Bearer
RB #50, Start RB #0, MCS 5 DL, MCS6 UL

MAC padding ON
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Figure 5: Example of output of the script for evaluating loopback delay, 
Call 1 of Table 1
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Figure 6: Example of output of the script for evaluating loopback delay,

 Call 18 to 23 of Table 1
Normal jitter distribution is done according to the following rule.

For an ideal Gaussian distribution of the round trip time values, the mean value μ of the distribution equals the delay and the standard deviation σ of the distribution equals the jitter. The interval [μ - σ, μ + σ] contains 68.27 % of all RTT values. The interval [μ - 2σ, μ + 2σ] contains 95.45 %.
For uniform jitter the round trip time is distributed uniformly within the interval [delay - jitter, delay + jitter].
	
	Network Impairments
	
	

	Call
	Delay (ms)
	Jitter (ms)
	CMW Delay  (ms)
	Overall Delay (ms)

	1
	0,0
	0,0
	8,0 to 9,0
	171,1

	2
	
	
	
	172,1

	3
	
	
	
	172,1

	4
	100,0
	0,0
	108,0
	271,0

	5
	
	
	
	272,1

	6
	
	
	
	271,0

	7
	500,0
	0,0
	508,0
	672,0

	8
	
	
	
	672,2

	9
	
	
	
	672,0

	10
	800,0
	0,0
	808,0 to 809,0
	971,0

	11
	
	
	
	971,0

	12
	10,0
	Normal Distribution

1,0
	18,0 ± 3
	172,0

	13
	
	
	
	172,0

	14
	
	
	
	171,0

	15
	100,0
	Normal Distribution 

10,0
	108,0 ± 25
	272,2

	16
	
	
	
	272,1

	17
	
	
	
	271,1

	18
	100,0
	Uniform Distribution

10,0
	108,0 ± 10
	251,0
	271,0

	
	
	
	
	271,0
	251,0

	
	
	
	
	251,0
	251,0

	19
	100,0
	Uniform Distribution 

10,0
	108,0 ± 10
	272,0
	252,0

	
	
	
	
	252,0
	332,0

	
	
	
	
	252,0
	272,0

	20
	100,0
	Uniform Distribution

10,0
	108,0 ± 10
	252,0
	272,0

	
	
	
	
	272,0
	252,0

	
	
	
	
	272,0
	252,0

	21
	100,0
	Uniform Distribution 

10,0
	108,0 ± 10
	251,0
	251,0

	
	
	
	
	251,0
	251,0

	
	
	
	
	271,0
	271,0

	22
	100,0
	Uniform Distribution

10,0
	108,0 ± 10
	251,0
	251,2

	
	
	
	
	251,0
	251,0

	
	
	
	
	271,2
	251,0

	23
	100,0
	Uniform Distribution 

10,0
	108,0 ± 10
	252,0
	252,0

	
	
	
	
	272,0
	252,0

	
	
	
	
	272,0
	272,0


Table 1 UE and CMW500 loopback delay under jitter free and jitter conditions

Delay in Uplink and Downlink

Uplink and downlink delay can currently not be determined as in the way for loopback. As long as no final numbers can be given, the source would like to keep SQ sub working group informed about current measurements conducted in our lab. As there have been concerns, that the delay very much depends on channel configuration first tests have been made for different resource block allocations. Further tests can be carried out as soon as the CMW500 supports additional configurations like TTI bundling and SPS. The tables below contain the results for different resource block allocations. The JBM inside CMW500 has fixed size of 300ms.
Configuration for Call 1 to 8

Duplex Mode FDD
Default Bearer
RB #50, Start RB #0, MCS 5 DL, MCS6 UL
MAC padding ON

	
	Overall Sending Delay (ms)
	Overall Receiving Delay (ms)

	Call 1
	429,7
	183,2

	
	430,3
	183,0

	
	430,4
	182,5

	Call 2
	429,2
	164,2

	
	429,3
	164,0

	
	429,3
	163,7

	Call 3
	430,0
	184,0

	
	430,3
	183,8

	
	430,2
	183,7

	Call 4
	429,5
	164,5

	
	429,5
	164,3

	
	429,8
	164,2

	Call 5
	429,8
	163,5

	Call 6
	430,0
	164,2

	Call 7
	429,0
	205,0

	Call 8
	429,3
	164,7


Table 2 Overall uplink and downlink delay with default configuration

Configuration 1
Duplex Mode FDD
Default Bearer
RB #50, Start RB #0, MCS5 DL, MCS6 UL

MAC padding ON

Configuration 2 

Duplex Mode FDD
Default Bearer
RB #25, Start RB #0, MCS5 DL, MCS6 UL

MAC padding ON

Configuration 3
Duplex Mode FDD
Default Bearer
RB #10, Start RB #25, MCS5 DL, MCS6 UL

MAC padding ON

Configuration 4
Duplex Mode FDD
Default Bearer
RB #5, Start RB #25, MCS5 DL, MCS6 UL

MAC padding ON

Configuration 5
Duplex Mode FDD
Default Bearer
RB #5, Start RB #0, MCS15 DL, MCS15 UL

MAC padding ON

Configuration 6
Duplex Mode FDD
Default Bearer
RB #5, Start RB #0, MCS15 DL, MCS15 UL

MAC padding OFF

	
	Overall Sending Delay (ms)
	Overall Receiving Delay (ms)

	Configuration 1
	429,8
	224,2

	
	429,3
	165,0

	Configuration 2
	428,7
	164,3

	
	429,0
	165,3

	Configuration 3
	428,0
	165,8

	
	429,0
	185,2

	Configuration 4
	429,5
	183,3

	
	428,7
	165,2

	Configuration 5
	429,7
	284,3

	
	428,3
	165,9

	Configuration 6
	427,7
	166,3

	
	428,0
	186,3


Table 3 Overall uplink and downlink delay with different resource block allocations

Summary
R&S CMW500 Speech Delays

	
	Downlink Delay DLD 
	Uplink Delay ULD 
	Echo Delay ED w/o jitter

	VoLTE (FDD)(1)
	Tba
	Tba
	0 - 10 s + 8  ms


(1) Applies to connections made with “RMC” or “User defined channels” scheduling, does not apply to other connections made with e.g. “User defined TTI” scheduling. Additional restrictions apply: Default Bearer, TTI bundling off, RoHC off, cDRX off, DL HARQ off, SPS off.
The delay values are valid as from the following CMW500 software and hardware versions:

	Software
	BASE V3.2.50

AUDIO V3.2.20

LTE V3.2.80

DAU V3.2.40

	Hardware


	CMW-B400A/B Audio Board
CMW-B405A Speech Codec
CMW-B300A/B for Signalling Unit Wideband
CMW-B450A/B/D Data Application Unit


Speech coding functionality requires additional SW options CMW-KA100 Enabling of IP-data interface for IPv4, CMW-KAA20 IMS basic service and CMW-KS510 LTE Advanced Signalling option.
For the definition of the system simulator uplink and downlink delay it would be beneficial to define the exact conditions and call parameters preferable those that are finally used in real networks. Even if the results may indicate that there is no strong dependency on the configuration, different configurations with parameters that definitely will have influence on the system simulator delay (like TTI bundling or semi persistent scheduling) have not been taken into account yet. For TDD the delay will also depend on the given uplink-downlink configuration.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 4 Uplink-downlink configurations from 3GPP TS 36.211
Without reducing the number of possible configurations, it would be job for Sisyphus to maintain the above delay table later on, because depending on the configuration of the channel parameters there will not be “the” single delay value like for circuit switched radio access technologies.
[1] http://4g-lte-world.blogspot.de/2012/12/transport-block-size-code-rate-protocol.html
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