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2. Introduction

This paper discusses an issue raised in reference 1 regarding the setting of default timers for SIP and the impact of the radio interface. The analysis performed is static and makes a number of gross assumptions. A mobile-to-mobile call is assumed, and it is certainly not a full worst case analysis, but nor is it a best case. It is considered to be more a typical scenario.

Two scenarios for the SIP signalling are examined, one where there is already an ongoing session, so the radio bearer for signalling is reduced in bandwidth, and the other where no session is ongoing so the bearer is higher rate. It is assumed that SIP signalling is multiplexed with RRC and CC/SM in radio network, but it should be noted that any such solution is not yet agreed in RAN groups.
3. Assumptions

The following general assumptions are made 

1. Compression learning is complete (e.g. due to REGISTER and/or other message transactions)
2. Two flows from 24.228 are used to illustrate this, the MO flow from 7.2.2 and the MT flow from 7.4.2. A Mobile to Mobile call with both terminals roaming from their home network with S-CSCF in different home networks.
3. It is assumed that no special services are invoked (so no interaction with Application Servers)
4. Packet transmission delays within IMS are assumed to be equal for all packet sizes - and 1000km hops = 7ms
5. Message size is a broad estimate.
6. Processing delays assumed for proxies are 10ms per transaction, with PCSCF as 20ms for initial, and 15ms for subsequent transactions.
7. UTRAN delay - uplink, 25ms, Time estimated from TS 25.853 tables
8. UTRAN delay - downlink, 12ms, Time estimated from TS 25.853 tables
9. PS Domain delay, 1.6ms, Time estimated from TS 25.853 Annex A
10. SCSCF transaction processing delay, 10ms. 

11. PCSCF initial INVITE processing delay, 20ms. 

12. PCSCF subsequent transaction processing delay, 15ms. 

13. Inter Proxy Transmission Delay, 7ms, assumes 1000km hops
4. No Ongoing Session

This scenario assumes that a 13.6kbs radio channel is used for SIP signalling (as no ongoing session is established).

The table below shows the steps that make up a mobile to mobile call according to the assumptions listed in section 3.  The table makes a number of calculations, the end to end call set up delay is shown in the column ‘Cumulative Total Call Set Up Delay’, and calculations relating to SIP timers are shown in the column ‘Relative delay – see comments’. The ‘Comments’ column indicates which of the SIP timers is calculated, and the call set up steps that are relevant.

	Step
	Message
	Estimated Message Size (bytes) 
	From
	To
	Transmission Delay (mS)
	Receiving Entity Processing Delay (mS)
	Relative Delay (mS) - see comments
	Cumulative Total call setup delay (mS)
	Comments

	1
	INVITE
	350
	UE#1
	PCSCF - Orig
	232.4823529
	20
	 
	252.4823529
	See NOTE 1.

	2
	100 Trying
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	354.3176471
	 
	Relative Delay is turn round time from INVITE (step 1) to receipt of 100 Trying for originating UE. SIP Timer T1

	3
	INVITE
	350
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	269.4823529
	 

	4
	100 Trying
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	 
	 

	5
	Filter Criteria Evaluation
	 
	S-CSCF-Orig
	 
	 
	0
	 
	269.4823529
	 

	6
	INVITE
	350
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	286.4823529
	 

	7
	100 Trying
	150
	S-CSCF- Term
	S-CSCF-Orig
	7
	10
	 
	 
	 

	8
	Filter Criteria Evaluation
	 
	S-CSCF- Term
	 
	 
	0
	 
	286.4823529
	 

	9
	INVITE
	350
	S-CSCF- Term
	P-CSCF-Term
	7
	20
	 
	313.4823529
	 

	10
	100 Trying
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	 
	 

	11
	INVITE
	350
	P-CSCF-Term
	UE#2
	219.4823529
	 
	 
	532.9647059
	 

	12
	100 Trying
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	 
	 
	 

	13
	183 Session Progress
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	 
	662.8
	 

	14
	Authorise QoS Resources
	 
	P-CSCF-Term
	 
	 
	1
	 
	663.8
	 

	15
	183 Session Progress
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	680.8
	 

	16
	183 Session Progress
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	697.8
	 

	17
	183 Session Progress
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	719.8
	 

	18
	Authorise QoS Resources
	 
	PCSCF-Orig
	 
	 
	1
	 
	720.8
	 

	19
	183 Session Progress
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	 
	822.6352941
	 

	20
	PRACK
	150
	UE#1
	PCSCF - Orig
	114.8352941
	15
	 
	952.4705882
	 

	21
	PRACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	969.4705882
	 

	22
	PRACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	986.4705882
	 

	23
	PRACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	1008.470588
	 

	24
	PRACK
	150
	P-CSCF-Term
	UE#2
	101.8352941
	 
	707.1764706
	1110.305882
	Relative delay is turn round time from UE2 receipt of INVITE (step 11) to receipt of PRACK. SIP TIMER ???

	25
	200 OK
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	
	1240.141176
	

	26
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	1257.141176
	 

	27
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	1274.141176
	 

	28
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	1296.141176
	 

	29
	200 OK
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	287.6705882
	1397.976471
	Relative time from UE1 sending PRACK (step 20) and receiving 200OK (step 29). SIP Timer T2

	30
	UPDATE
	150
	UE#1
	PCSCF - Orig
	7
	15
	 
	1419.976471
	 

	31
	UPDATE
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	1436.976471
	 

	32
	UPDATE
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	1453.976471
	 

	33
	UPDATE
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	1475.976471
	 

	34
	UPDATE
	150
	P-CSCF-Term
	UE#2
	101.8352941
	 
	 
	1577.811765
	 

	35
	200 OK
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	 
	1707.647059
	 

	36
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	1724.647059
	 

	37
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	1741.647059
	 

	38
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	1763.647059
	 

	39
	200 OK
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	287.6705882
	1865.482353
	Relative time from UE2 sending 200OK (step 35) to UE1 receiving it (step 39). Relates to SIP timer T4

	40
	180 Ringing
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	 
	1995.317647
	 

	41
	180 Ringing
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	2012.317647
	 

	42
	180 Ringing
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	2029.317647
	 

	43
	180 Ringing
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	2051.317647
	 

	44
	180 Ringing
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	 
	2153.152941
	 

	45
	PRACK
	150
	UE#1
	PCSCF - Orig
	114.8352941
	15
	 
	2282.988235
	 

	46
	PRACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	2299.988235
	 

	47
	PRACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	2316.988235
	 

	48
	PRACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	2338.988235
	 

	49
	PRACK
	150
	P-CSCF-Term
	UE#2
	101.8352941
	 
	 
	2440.823529
	 

	50
	200 OK
	150
	UE#2
	P-CSCF-Term
	114.8352941
	15
	 
	2570.658824
	 

	51
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	2587.658824
	 

	52
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	2604.658824
	 

	53
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	2255.341176
	2626.658824
	Relative time is that from PCSCF receiving 100 Trying (step 4) to PCSCF-Orig receiving 200OK (step 53). Relates to SIP timer C.

	54
	200 OK
	150
	PCSCF-Orig
	UE#1
	101.8352941
	 
	 
	2728.494118
	 

	55
	ACK
	150
	UE#1
	PCSCF - Orig
	114.8352941
	15
	 
	2858.329412
	 

	56
	ACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	2875.329412
	 

	57
	ACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	2892.329412
	 

	58
	ACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	2914.329412
	 

	59
	ACK
	150
	P-CSCF-Term
	UE#2
	101.8352941
	 
	 
	3016.164706
	 


5. Ongoing Session

This scenario assumes that a 3.4kbs radio channel is used for SIP signalling (as there is an ongoing session established).

The table below shows the steps that make up a mobile to mobile call according to the assumptions listed in section 3.  The table makes a number of calculations, the end to end call set up delay is shown in the column ‘Cumulative Total Call Set Up Delay’, and calculations relating to SIP timers are shown in the column ‘Relative delay – see comments’. The ‘Comments’ column indicates which of the SIP timers is calculated, and the call set up steps that are relevant.

	Step
	Message
	Estimated Message Size (bytes) 
	From
	To
	Transmission Delay (mS)
	Receiving Entity Processing Delay (mS)
	Relative Delay (mS) - see comments
	Cumulative Total call setup delay (mS)
	Comments

	1
	INVITE
	350
	UE#1
	PCSCF - Orig
	850.1294118
	20
	 
	870.1294118
	See NOTE 1.

	2
	100 Trying
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	1236.670588
	 
	Relative Delay is turn round time from INVITE (step 1) to receipt of 100 Trying for originating UE. SIP Timer T1

	3
	INVITE
	350
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	887.1294118
	 

	4
	100 Trying
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	 
	 

	5
	Filter Criteria Evaluation
	 
	S-CSCF-Orig
	 
	 
	0
	 
	887.1294118
	 

	6
	INVITE
	350
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	904.1294118
	 

	7
	100 Trying
	150
	S-CSCF- Term
	S-CSCF-Orig
	7
	10
	 
	 
	 

	8
	Filter Criteria Evaluation
	 
	S-CSCF- Term
	 
	 
	0
	 
	904.1294118
	 

	9
	INVITE
	350
	S-CSCF- Term
	P-CSCF-Term
	7
	20
	 
	931.1294118
	 

	10
	100 Trying
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	 
	 

	11
	INVITE
	350
	P-CSCF-Term
	UE#2
	837.1294118
	 
	 
	1768.258824
	 

	12
	100 Trying
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	 
	 
	 

	13
	183 Session Progress
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	 
	2162.8
	 

	14
	Authorise QoS Resources
	 
	P-CSCF-Term
	 
	 
	1
	 
	2163.8
	 

	15
	183 Session Progress
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	2180.8
	 

	16
	183 Session Progress
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	2197.8
	 

	17
	183 Session Progress
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	2219.8
	 

	18
	Authorise QoS Resources
	 
	PCSCF-Orig
	 
	 
	1
	 
	2220.8
	 

	19
	183 Session Progress
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	 
	2587.341176
	 

	20
	PRACK
	150
	UE#1
	PCSCF - Orig
	379.5411765
	15
	 
	2981.882353
	 

	21
	PRACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	2998.882353
	 

	22
	PRACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	3015.882353
	 

	23
	PRACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	3037.882353
	 

	24
	PRACK
	150
	P-CSCF-Term
	UE#2
	366.5411765
	 
	2030.705882
	3404.423529
	Relative delay is turn round time from UE2 receipt of INVITE (step 11) to receipt of PRACK. SIP TIMER ???

	25
	200 OK
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	
	3798.964706
	

	26
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	3815.964706
	 

	27
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	3832.964706
	 

	28
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	3854.964706
	 

	29
	200 OK
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	817.0823529
	4221.505882
	Relative time from UE1 sending PRACK (step 20) and receiving 200OK (step 29). SIP Timer T2

	30
	UPDATE
	150
	UE#1
	PCSCF - Orig
	7
	15
	 
	4243.505882
	 

	31
	UPDATE
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	4260.505882
	 

	32
	UPDATE
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	4277.505882
	 

	33
	UPDATE
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	4299.505882
	 

	34
	UPDATE
	150
	P-CSCF-Term
	UE#2
	366.5411765
	 
	 
	4666.047059
	 

	35
	200 OK
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	 
	5060.588235
	 

	36
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	5077.588235
	 

	37
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	5094.588235
	 

	38
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	5116.588235
	 

	39
	200 OK
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	817.0823529
	5483.129412
	Relative time from UE2 sending 200OK (step 35) to UE1 receiving it (step 39). Relates to SIP timer T4

	40
	180 Ringing
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	 
	5877.670588
	 

	41
	180 Ringing
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	5894.670588
	 

	42
	180 Ringing
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	5911.670588
	 

	43
	180 Ringing
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	 
	5933.670588
	 

	44
	180 Ringing
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	 
	6300.211765
	 

	45
	PRACK
	150
	UE#1
	PCSCF - Orig
	379.5411765
	15
	 
	6694.752941
	 

	46
	PRACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	6711.752941
	 

	47
	PRACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	6728.752941
	 

	48
	PRACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	6750.752941
	 

	49
	PRACK
	150
	P-CSCF-Term
	UE#2
	366.5411765
	 
	 
	7117.294118
	 

	50
	200 OK
	150
	UE#2
	P-CSCF-Term
	379.5411765
	15
	 
	7511.835294
	 

	51
	200 OK
	150
	P-CSCF-Term
	S-CSCF- Term
	7
	10
	 
	7528.835294
	 

	52
	200 OK
	150
	S-CSCF- Term
	S-CSCF - Orig
	7
	10
	 
	7545.835294
	 

	53
	200 OK
	150
	S-CSCF - Orig
	PCSCF-Orig
	7
	15
	6314.164706
	7567.835294
	Relative time is that from PCSCF receiving 100 Trying (step 4) to PCSCF-Orig receiving 200OK (step 53). Relates to SIP timer C.

	54
	200 OK
	150
	PCSCF-Orig
	UE#1
	366.5411765
	 
	 
	7934.376471
	 

	55
	ACK
	150
	UE#1
	PCSCF - Orig
	379.5411765
	15
	 
	8328.917647
	 

	56
	ACK
	150
	PCSCF-Orig
	S-CSCF - Orig
	7
	10
	 
	8345.917647
	 

	57
	ACK
	150
	S-CSCF-Orig
	S-CSCF- Term
	7
	10
	 
	8362.917647
	 

	58
	ACK
	150
	S-CSCF- Term
	P-CSCF-Term
	7
	15
	 
	8384.917647
	 

	59
	ACK
	150
	P-CSCF-Term
	UE#2
	366.5411765
	 
	 
	8751.458824
	 


6. SIP Timers Comparison

The table below lists the SIP timers and their specified default values in the SIP specification. It also has a column indicating the calculated time from the two scenarios in sections 4 and 5. Then a column indicates a proposal for a 3GPP value for the timers, some of which are modified from the SIP standard value.

An accompanying CR in reference 2 includes a modified version of this table and is proposed to be included in 24.229.

	Timer 
	IETF timer value 
	Start Point
	Stop Point
	Estimate for New Session
	Estimate for New Session
	Proposed 3GPP Default timer value
	Meaning

	
	
	 
	 
	None Ongoing (seconds)
	Ongoing Session (seconds)
	 
	

	T1
	500ms default 
	UE sends INVITE
	UE receive 1xx
	0.355
	1.237
	4s
	RTT Estimate

	T2
	4s
	UE send non-INVITE
	UE receive any response
	0.288
	0.818
	16s
	The maximum retransmit interval for non-INVITE requests and INVITE responses

	T4
	5s
	UE receives 200OK
	UE receives 200OK retransmit
	0.288
	0.818
	16s
	Maximum duration a message will remain in the network

	Timer A
	initially T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	initially T1
	INVITE request retransmit interval, for UDP only 

	Timer B
	64*T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	64*T1
	INVITE transaction timeout timer

	Timer C
	> 3min
	Proxy receives 1xx
	Proxy receives 200 OK
	2.256
	6.315
	3 min
	proxy INVITE transaction timeout

	Timer D
	> 32s for UDP
	UE sends ACK
	UE retransmit ACK due to receipt of another 200OK
	See Timer T4
	See Timer T4
	>64s
	Wait time for response retransmits

	
	0s for TCP/SCTP 
	 
	 
	
	
	 
	

	Timer E
	initially T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	initially T1
	non-INVITE request retransmit interval, UDP only 

	Timer F
	64*T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	64*T1
	non-INVITE transaction timeout timer

	Timer G
	initially T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	initially T1
	INVITE response retransmit interval 

	Timer H
	64*T1
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	64*T1
	Wait time for ACK receipt 

	Timer I
	T4 for UDP
	UE sends ACK
	UE retransmits ACK
	See Timer T4
	See Timer T4
	T4 for UDP
	Wait time for ACK retransmits 

	
	0s for TCP/SCTP
	 
	 
	
	
	0s for TCP/SCTP
	

	Timer J
	64*T1 for UDP
	See Timer T1
	See Timer T1
	See Timer T1
	See Timer T1
	64*T1 for UDP
	Wait time for non-INVITE request retransmits 

	
	0s for TCP/SCTP
	 
	 
	 
	 
	0s for TCP/SCTP
	

	Timer K
	T4 for UDP
	UE sends response
	UE retransmits response
	See Timer T4
	See Timer T4
	T4 for UDP
	Wait time for response retransmits 

	
	0s for TCP/SCTP 
	 
	 
	
	
	0s for TCP/SCTP 
	


