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1 Introduction

A previous version of this contribution [1] discussed in detail the differences between the messages size for a typical GSM circuit-switched call release sequence and a typical SIP call release sequence (viz., SIP to SIP call via a SIP proxy server).  For various reasons, the typical SIP call release sequence in [1] did not account for the following messages that need to be transmitted over the air interface (which are in addition to the SIP request methods and response codes):

· RRC Connection messages (e.g., Radio Bearer Release, etc.) [2]

· Direct Transfer messages (e.g., NAS message comprising Deactivate PDP Context Request, etc.) [3].

· RSVP messages (for mobile stations that are RSVP capable) [4].

This contribution attempts to assess the impact of these additional air interface messages.  Since this contribution is a companion contribution to [5], a new typical SIP call release sequence (viz., SIP to gateway call via a SIP proxy server) that is in-line with the new typical SIP call setup sequence in [5] is also presented

The contribution is organized as follows.  Section 2 gives a list of acronyms.  Section 3 discusses a typical GSM circuit-switched call release sequence.  Section 4 discusses a typical SIP call release sequence (revised from [1]).  Section 5 presents conclusions and recommendations.  Section 6 includes a list of references.  Appendices A through D provide supporting material. 

2 List of Acronyms

3GPP


3rd Generation Partnership Program

CSCF


Call Server Control Function

DTAP


Direct Transfer Application Part

EDGE


Enhanced Data Rates for Global Evolution

EGPRS

Enhanced General Packet Radio Service

GERAN

GSM/EDGE Radio Access Network

GPRS


General Packet Radio Service

GSM


Global System for Mobile Communications

IE



Information Element

IP



Internet Protocol

M



Mandatory

MGCF


Media Gateway Control Function

MGW


Media Gateway

MM


Mobility Management

MS


Mobile Station

O



Optional

P-CSCF

Proxy CSCF

PD



Protocol Discriminator

PDTCH

Packet Data Traffic Channel

RIL3


Radio Interface Layer 3

RR



Radio Resource Management

RRC


Radio Resource Control

RSVP


Resource reSerVation Protocol

S-CSCF

Serving CSCF

SDP


Session Description Protocol

SIP


Session Initiation Protocol

TCP


Transmission Control Protocol

UDP


User Datagram Protocol

UE



User Equipment

3 Typical GSM Circuit-Switched Call Release Sequence

Figure A1 in Appendix A illustrates a typical GSM circuit-switched call release sequence (mobile originated).

3.1 Message Size Estimation

Tables B1 through B4 in Appendix B provide details regarding the RIL3-CC, RIL-RR, and DTAP messages that are used in the typical GSM circuit-switched call release sequence that is depicted in Figure A1 in Appendix A.

Using the information provided therein, the message size (in bytes) for the typical GSM circuit-switched call hold sequence can be estimated.  Referring to Table 1 below, the maximum message size when only the Mandatory (M) Information Elements (IE) are considered is 40 bytes.  If the Conditional (C) and Optional (O) IEs are also considered, a worst-case estimate can be made regarding the maximum message size: 40 bytes (M) + 1 byte (C) + 558 + ? bytes (O) = 599 + ? bytes.  Granted, this is only an approximation, since not all possible combinations of C and O IEs are valid.  However, for the purposes of this study, the approximation is reasonable.

Message
Length (bytes)


M
C
O

Disconnect
2 + (3 to 31) = {5, 33}
0
(3 to 31) + (2 to ?) + (3 to 131) + (2 to 3) = {2, 167 + ?}

Release
2
0
(4 to 32) + (4 to 32) + (2 to ?) + (3 to 131) = {2, 197 + ?}

Release Complete
2
0
(4 to 32) + (2 to ?) + (3 to 131) + (2 to 3) = {2, 168 + ?}

Channel Release
3
1
1 + (6 to ?) + (4 to 13) + (3 to ?) + (3 to ?) = {1, 26 + ?}

Totals
{12, 40}
1
{1, 558 + ?}

Table 1  Message size for typical GSM circuit-switched call release sequence. NOTE: {x, y} = {min., max.}.  NOTE:  M = Mandatory; C = Conditional; O = Optional.

3.2 Layer 3 Trace

Currently, we do not have available a Layer 3 trace for the typical GSM circuit-switched call release sequence that is depicted in Figure A1 in Appendix A.

4 Typical SIP Call Release Sequence

Figures 1a and 1b illustrate a typical SIP call release sequence [6].  The typical SIP call release sequence has been updated vis-à-vis that presented in [1] to account for RRC Connection messages (e.g., Radio Bearer Release), Direct Transfer messages (e.g., NAS message comprising Deactivate PDP Context Request), and RSVP messages (for mobile stations that are RSVP capable).
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Figure 1a. Typical SIP call release sequence.
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Figure 1b. Typical SIP call release sequence.

4.1 Message Size Estimation

Table 2 gives the message size for the typical SIP call release sequence (with and without RSVP).

Message
Radio Bearer Type
Length (bytes)

4. BYE
RB
250

5. RSVP: PATH Tear
RB
28 (IPv4)
52 (IPv6)

8. RSVP: RESV Tear
RB
28 (IPv4)
52 (IPv6)

10. RSVP: PATH Tear
RB
28 (IPv4)
52 (IPv6)

11. RSVP: RESV Tear
RB
28 (IPv4)
52 (IPv6)

13. Uplink Direct Transfer

(NAS: Deactivate PDP Context Request)
SRB
5

18. Downlink Direct Transfer

(NAS: Deactivate PDP Context Accept)
SRB
5

20. Radio Bearer Release
SRB
10

21. Radio Bearer Release Complete
SRB
5

23. 200 OK
RB
200

Totals

475 (without RSVP)

587 (IPv4) (with RSVP)

883 (IPv6) (with RSVP)

Table 2.  Message size for typical SIP call release sequence (not including UDP/IP headers for RBs).  The rows highlighted in gray are messages that are required if RSVP is implemented.

4.1.1 RLC/MAC Block Size Estimation for MCS-1 Through MCS-9: IPv4
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Length (bytes) 
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headers and PDCP 

header
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header
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RLC/MAC 
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No. of 

RLC/MAC 

blocks for 

MCS-5

No. of 

RLC/MAC 

blocks for 

MCS-6

No. of 

RLC/MAC 

blocks for 

MCS-7

No. of 

RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

281

13

11

8

7

6

4

3

3

2

5

28

59

3

3

2

2

2

1

1

1

1

8

28

59

3

3

2

2

2

1

1

1
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59
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1
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5

5

1

1

1

1

1

1

1

1

1

20

10

10

1

1

1

1

1

1

1

1

1

21

5

5

1

1

1

1

1

1

1

1

1

23

200

231

11

9

7

6

5

4

3

2

2

Total no. of RLC/MAC 

blocks

40

36

27

25

23

16

14

13

12

Total time (msec)

800

720

540

500

460

320

280

260

240


Table 3a. RLC/MAC block size and total air interface time required for typical SIP call release sequence. IPv4 (with RSVP). Without UDP/IPv4 header compression. Without SIP tokenization. Without LZ77 SIP compression.
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headers and PDCP 

header
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header
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blocks for 

MCS-5

No. of 

RLC/MAC 

blocks for 

MCS-6

No. of 

RLC/MAC 

blocks for 

MCS-7

No. of 

RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

281

13

11

8

7

6

4

3

3

2

13

5

5

1

1

1

1

1

1

1

1

1

18

5

5

1
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1

1

1
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1
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21

5

5

1

1

1

1

1

1

1

1

1

23

200

231

11

9

7

6

5

4

3

2

2

Total no. of RLC/MAC 

blocks

28

24

19

17

15

12

10

9

8

Total time (msec)

560

480

380

340

300

240

200

180

160


Table 3b. RLC/MAC block size and total air interface time required for typical SIP call release sequence. IPv4 (without RSVP). Without UDP/IP header compression. Without SIP tokenization. Without LZ77 SIP compression.
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Length (bytes) 

excluding UDP/IPv4 

headers and PDCP 

header
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header
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No. of 

RLC/MAC 

blocks for 

MCS-3

No. of 

RLC/MAC 

blocks for 

MCS-4

No. of 

RLC/MAC 

blocks for 

MCS-5

No. of 

RLC/MAC 

blocks for 

MCS-6

No. of 

RLC/MAC 

blocks for 

MCS-7

No. of 

RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

255

12

10

7

6

5

4

3

2

2

5

28

33

2

2

1

1

1

1

1

1

1

8

28

33

2

2

1

1

1

1

1

1

1

10

28

33

2

2

1

1

1

1

1

1

1
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28

33

2
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1

1
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1
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1

1

1
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5

5

1

1

1

1

1

1

1

1

1

20
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1

1

1

1

1

1

1

1

1

21

5

5

1

1

1

1

1

1

1

1

1

23

200

205

10

8

6

5

4

3

2

2

2

Total no. of RLC/MAC 

blocks

34

30

21

19

17

15

13

12

12

Total time (msec)

680

600

420

380

340

300

260

240

240


Table 3c. RLC/MAC block size and total air interface time required for typical SIP call release sequence. IPv4 (with RSVP). With UDP/IPv4 header compression. Without SIP tokenization. Without LZ77 SIP compression.
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No. of 

RLC/MAC 

blocks for 

MCS-7

No. of 

RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

255

12

10

7

6

5

4

3

2

2
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2

2

2

Total no. of RLC/MAC 

blocks

26

22

17

15

13

11

9

8

8

Total time (msec)

520

440

340

300

260

220

180

160

160


Table 3d. RLC/MAC block size and total air interface time required for typical SIP call release sequence.  IPv4 (without RSVP).  With UDP/IP header compression.  Without SIP tokenization.  Without LZ77 SIP compression.
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9

8

6

5

4

3

2

2

2

5
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33

2
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1
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1
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1

1
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6

5
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3

2

2

2

Total no. of RLC/MAC 

blocks

29

26

19

17

15

14

12

12

12

Total time (msec)

580

520

380

340

300

280

240

240

240


Table 3e. RLC/MAC block size and total air interface time required for typical SIP call release sequence. IPv4 (with RSVP). With UDP/IPv4 header compression. With SIP tokenization. With LZ77 SIP compression.
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Length (bytes) 

excluding UDP/IPv4 

headers and PDCP 

header

Length (bytes) 

including compressed 

UDP/IPv4 headers (2 

bytes) and PDCP 

header and SIP 

compression
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blocks for 
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blocks for 
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RLC/MAC 

blocks for 

MCS-6

No. of 

RLC/MAC 

blocks for 

MCS-7

No. of 

RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

198

9

8

6

5

4

3

2

2

2

13

5

5

1

1

1

1

1

1

1

1

1

18

5

5

1

1

1

1

1

1

1

1

1

20

10

10

1

1

1

1

1

1

1

1

1

21

5

5

1

1

1

1

1

1

1

1

1

23

200

159

8

6

5

4

3

3

2

2

2

Total no. of RLC/MAC 

blocks

21

18

15

13

11

10

8

8

8

Total time (msec)

420

360

300

260

220

200

160

160

160


Table 3f. RLC/MAC block size and total air interface time required for typical SIP call release sequence. IPv4 (without RSVP). With UDP/IPv4 header compression. With SIP tokenization. With LZ77 SIP compression.

4.1.2 RLC/MAC Block Size Estimation for MCS-1 Through MCS-9: IPv6
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MCS-9

4

250
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14

11

9

7

6

5

3

3

3

5
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79

4

3

3

2

2

2

1
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1

1

1

1
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9

7

6

5

4

3

2

2

Total no. of RLC/MAC 

blocks

46

36

32

25

23

21

14

13

13

Total time (msec)

920

720

640

500

460

420

280

260

260


Table 4a. RLC/MAC block size and total air interface time required for typical SIP call release sequence. Ipv6 (with RSVP). Without UDP/IPv6 header compression. Without SIP tokenization. Without LZ77 SIP compression.
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Length (bytes) 

excluding UDP/IPv6 

headers and PDCP 

header

Length (bytes) 

including UDP/IPv6 

headers and PDCP 

header

No. of 

RLC/MAC 

blocks for 
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No. of 

RLC/MAC 

blocks for 

MCS-5

No. of 

RLC/MAC 

blocks for 

MCS-6

No. of 

RLC/MAC 

blocks for 
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RLC/MAC 

blocks for 

MCS-8

No. of 

RLC/MAC 

blocks for 

MCS-9

4

250

301

14

11

9

7

6

5
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3

2

2

Total no. of RLC/MAC 

blocks

30

24

20

17

15

13

10

9

9

Total time (msec)

600

480

400

340

300

260

200

180

180


Table 4b. RLC/MAC block size and total air interface time required for typical SIP call release sequence. Ipv6 (without RSVP). Without UDP/IPv6 header compression. Without SIP tokenization. Without LZ77 SIP compression.

4.2 Layer 3 Trace

Currently, we do not have available a Layer 3 trace for the typical SIP call release sequence that is depicted in Figures 1a through 1b.  For the sake of analysis, let's assume that the SIP request methods and response codes for the typical call release sequence are transmitted/received on a PDTCH using MCS-1.  For RBs, the total UDP/IP header overhead and PDCP header overhead is 31 bytes for IPv4 and 51 bytes for IPv6 and consists of the following:

UDP 8 bytes

IPv4 20 bytes; IPv6 40 bytes

PDCP (PDCP SeqNum PDU format) 3 bytes

Note that the SRBs do not go through the PDCP layer; therefore, they will not incur the UDP/IP header and PDCP header overhead.  Referring to Table D3 in Appendix D, the RLC/MAC data block size for MCS-1 is 22 bytes.  As an example, for the SIP request method "message 4" in Table 3a, the total message size with UDP/IPv4 header overhead and PDCP header overhead is 250 bytes + 31 bytes = 281 bytes.  Therefore, in order to transmit "message 4", 13 PDTCHs (i.e., radio blocks) are required.  This will take approximately 13 ( 20 msec = 260 msec (not including network delays).  Performing the same analysis on the remaining RBs and SRBs in Table 3a, we get an estimate of the total time required to complete the entire typical SIP call release sequence (not including network delays): ( 800 msec (40 radio blocks).

5 Conclusions and Recommendations

This contribution is being presented for review and discussion.
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APPENDIX A  Typical GSM Circuit-Switched Call Release Sequence
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Figure A1  CC, RR, and DTAP Layer 3 messages for a typical GSM circuit-switched call release sequence (mobile originated).  NOTE: PD = Protocol Discriminator; CC = Call Control; RR = Radio Resource Management.

Appendix B  Layer 3 CC, RR, and DTAP GSM Circuit-Switched Messages:

Call Release
Table B1: DISCONNECT message content (mobile station to network direction) (ref. TS 24.008)

IEI
Information element
Type / Reference
Presence
Format
Length


Call control
Protocol discriminator
 M
 V
 1/2


protocol discriminator
10.2





Transaction identifier
Transaction identifier
 M
 V
 1/2



10.3.2





Disconnect
Message type
 M
 V
1


message type
10.4





Cause
Cause
 M
LV
 3-31



10.5.4.11




1C
Facility
Facility
 O
 TLV
 2-?



10.5.4.15




7E
User-user
User-user
 O
 TLV
 3-131



10.5.4.25




7F
SS version
SS version indicator
 O
 TLV
 2-3



10.5.4.24




Table B2: RELEASE message content (network to mobile station direction) (ref. TS 24.008)

IEI
Information element
Type / Reference
Presence
Format
Length


Call control
Protocol discriminator
M
V
1/2


protocol discriminator
10.2





Transaction identifier
Transaction identifier
 M
 V
 1/2



10.3.2





Release
Message type
 M
 V
1


message type
10.4




08
Cause
Cause
 O
 TLV
 4-32



10.5.4.11




08
Second cause
Cause
 O
 TLV
 4-32



10.5.4.11




1C
Facility
Facility
 O
 TLV
 2-?



10.5.4.15




7E
User-user
User-user
 O
 TLV
 3-131



10.5.4.25




NOTE:
This message has local significance; however, it may carry information of global significance when used as the first call clearing message.

Table B3: RELEASE COMPLETE message content (mobile station to network direction) (ref. TS 24.008)

IEI
Information element
Type / Reference
Presence
Format
Length


Call control
Protocol discriminator
 M
 V
 1/2


protocol discriminator
10.2





Transaction identifier
Transaction identifier
 M
 V
 1/2



10.3.2





Release complete
Message type
 M
 V
1


message type
10.4




08
Cause
Cause
 O
 TLV
 4-32



10.5.4.11




1C
Facility
Facility
 O
 TLV
 2-?



10.5.4.15




7E
User-user
User-user
 O
 TLV
 3-131



10.5.4.25




7F
SS version
SS version indicator
 O
 TLV
 2-3



10.5.4.24




NOTE:
This message has local significance; however, it may carry information of global significance when used as the first call clearing message.

Table B4: CHANNEL RELEASE message content (ref. GSM 04.18)

IEI
Information element
Type / Reference
Presence
Format
length


RR management
Protocol Discriminator
Protocol Discriminator
10.2
M
V
1/2


Skip Indicator
Skip Indicator
10.3.1
M
V
1/2


Channel Release
Message Type
Message Type
10.4
M
V
1


RR Cause
RR Cause
10.5.2.31
M
V
1

73
BA Range
BA Range
10.5.2.1a
O
TLV
6 - ?

74
Group Channel Description
Group Channel Description
10.5.2.14b
O
TLV
4-13

8x
Group Cipher Key Number
Group Cipher Key Number
10.5.1.10
C
TV
1

Cx
GPRS Resumption
GPRS Resumption
10.5.2.14c
O
TV
1

75
BA List Pref
BA List Pref
10.5.2.1c
O
TLV
3-?

76
UMTS Freq List
UMTS Freq List
10.5.2.1d
O
TLV
3-?

Appendix C  RSVP

The Resource reSerVation Protocol (RSVP) [4] provides a general means for an application to communicate its QoS requirements to an Integrated Services Internet infrastructure.  RSVP is not a data transport protocol, but a control protocol that signals QoS requests on behalf of a data flow.  RSVP is sophisticated, in the sense that it allows reservations in both the one-to-one unicast and the many-to-many multicast data transport scenarios.

Figure C1 illustrates the RSVP message format.
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Figure C1. RSVP message format.

The two RSVP messages involved with path teardown and resource reservation teardown are the PATH Tear and RESV Tear messages respectively.  These are discussed below.

Figure C2 illustrates the format of both the PATH Tear and RESV Tear messages.
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Figure C2. RSVP PATH Tear and RESV Tear message format.

Table C1 gives an estimate of the RSVP PATH Tear and RESV Tear message sizes.

RSVP Message Header
Length (bytes)

PATH
4

RSVP Object
Length (bytes)


IPv4
IPv6

Session
12
24

RSVP Hop
12
24

Totals
28
52

Table C1. Message size for RSVP PATH Tear and RESV Tear messages.
Appendix D  PDCP PDU Formats and EGPRS RLC Data Unit Size
PDU type
PID

Data 



Table D1. PDCP data PDU format (TS 25.323).

PDU type
PID

Sequence number 



Data 



Table D2. PDCP SeqNum PDU format (TS 25.323).

Channel Coding Scheme
RLC data unit size 
Family


(octets)


MCS-1
22
C

MCS-2
28
B

MCS-3
37
A

MCS-4
44
C

MCS-5
56
B

MCS-6
74
A

MCS-7
2x56
B

MCS-8
2x68
A

MCS-9
2x74
A

Table D3. EGPRS RLC data unit size (GSM 04.60).
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