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1. Introduction
France Telecom has evaluated the impacts of real-time IMS services such as Voice over IP (VoIP) in UTRAN for a long time. Last year, the R&D division of France Telecom has simulated ROHC performances for VoIP with an OPNET-based simulation tool. The simulation tool contains the LOCO implementation for ROHC [2]. Current document introduces the simulation assumptions and results. In the scope of VoIP optimisation, Orange recommendations are provided for ROHC performance tests.
2. Discussion
1.1 General simulations assumptions
The division R&D of France Telecom has developed an OPNET-based simulation tool in order to evaluate the quality of service of the applications deployed (or to be deployed) on Orange's operational UMTS network. This simulation tool was used in order to test the performance of ROHC protocol for VoIP services and especially ROHC modes. Obviously, it is not possible to provide all information on the simulation tool in a few pages but the following simulation assumptions have been considered:
	Protocol
	Parameter
	Simulation assumptions

	Physical layer
	Radio channel
	ITU Vehicular A 3km/h

Use of a link curve at 32 kbps (very pessimistic in terms of QoS) corresponding to a 32 kbps Conversational PS RAB
The VoIP user is alone in the cell

	
	Target BLER (below RLC)

Probability that RLC rejects an erroneous block
	10-2

10-3
In the simulation, the effective BLER does not exceed the target BLER

	
	Target residual BER (above RLC)

Probability that the packet contains erroneous bits
	10-5

	MAC
	Sub-entity
	MAC-d

	RLC
	Mode
	UM

	PDCP
	ROHC
	See section 1.2

	Transport
	IP
	IPv4 conform to IETF RFC / IPv4 header is 20 Bytes
(Note: IPv6 is currently being tested by the R&D Division of France Telecom)

	
	UDP
	Conform to IETF RFC / UDP header is 8 Bytes

	
	RTP / RTCP
	Conform to IETF RFC / RTP header is 12 Bytes / RTCP feedback deactivated

	Application
	VoIP
	AMR 12.2 kbps mono-rate codec / AMR frames are composed of 32 Bytes

No SID frames

Full uplink/downlink speech activity (i.e. constant AMR frames transmission): this correspond to the most critical test case (very pessimistic)


1.2 ROHC-specific simulation assumptions

ROHC compressor / de-compressor:

All ROHC compressor states (IR, FO, SO) are implemented.

All ROHC de-compressor states (NC, SC, FC) are implemented.

ROHC modes:

All ROHC modes are implemented: test of ROHC U-mode, O-mode and R-mode. The ROHC mode may be forced by the simulation tool.

· In U-mode, no feedback message is sent. U-mode is implemented with the following parameters: L parameter (confidence parameter: number of times a packet is sent before transition to a better compression state), dynamic timer (FOtimer) and static timer (IRtimer). The timers determine when a transition to a lower state is necessary. Dynamic timer for SO state to FO state transition and static timer for SO/FO state to IR state transition. U-mode is always set at the initiation of the session and then, a transition to O-mode or R-mode is performed.
· In R-mode, ACK and NACK are sent. Transition between compression states is controlled by the feedback messages (ACK/NACK): an ACK leading to a transition to a better compression state and a NACK leading to a lower compression state. For R-mode, it is possible to activate or not the CRC option for R-0 packets.
· In O-mode, only NACK are sent. Transition between compression states are controlled thanks to the L parameter (same as in U-mode) and NACK feedback message. This is a hybrid mode between U-mode and R-mode and the advantage is that the feedback link is not saturated with ACK messages.

ROHC packets:

All ROHC packets are implemented (including extensions and feedbacks).
In IR compression state (Initiation / Refresh state): IR packets are sent.

In FO compression state (First Order state): IR-Dyn and UOR-2 packets are sent.

In SO compression state (Second Order state): R-0, R-0-CRC, UO-0, UO-1 (+TS/ID) and R-1 (+TS/ID) packets are sent.

In NC decompression state (No Context state): Only IR packets are decompressed and others are discarded.
In SC decompression state (Static Context state): Only IR, IR-Dyn, UOR-2 (+TS/ID) packets are decompressed and others are discarded.

In FC decompression state (Full Context state): all packets are decompressed.

Feedbacks are conveyed in separate packets and are not piggy-backed into RTP packets.
UOR-2 and UO-1 packets are specific to IPv6 since no IP-ID field exists in such packets or possible extensions. 

UOR-2-TS and UOR-2-ID are used for IPv4 with the same role as UOR-2 for IPv6. If UOR-2-TS is not implemented, it will be replaced by an IR-Dyn packet that is bigger.

UO-1-TS and UO-1-ID are used for IPv4 with the same role as UO-1 for IPv6.

In addition to UOR-2, Orange recommends implementing UOR-2-TS packets for IPv4 and O-mode usage. 
ROHC profiles:

All ROHC profiles defined in RFC 3095 are implemented: ROHC profile 1 was used since we consider the VoIP support with RTP/UDP/IPv4 protocol stack.

1.3 Simulations results

Some "one hour VoIP calls" have been simulated. Simulations have focussed on the performances of the different ROHC modes. They have provided the following results.
U-Mode:
For VoIP over UTRAN, Orange considers that U-Mode is not adapted after the initialisation phase. 
Indeed, since there is no feedback channel, IR packets are transmitted each time the IRtimer expires and IR-Dyn packets are transmitted each time the FOtimer expires. With a feedback channel, the transmission of IR and IR-Dyn packets during the VoIP call may be avoided. The FOtimer value is in the order of magnitude of 0.66 second and the IRtimer value is in the order of magnitude of 6 seconds for acceptable operation of VoIP in U-mode.
R-Mode:
For VoIP over UTRAN with R-0 packets, lots of transmission errors cross over PDCP (high residual BER) since there is no error detection mechanism at PDCP level.

It was also observed that frequently, an R-0-CRC packet is sent for the update of the compressor's algorithms (i.e. the W-LSB window of the compressor) and the update of the decompression context.
If the "CRC option on R-0 packets" is activated, only R-0-CRC packets are generated in a given transmission direction and systematically an acknowledgement packet (ACK feedback) is generated in the opposite transmission direction. 
If the "CRC option on R-0 packets" is deactivated, a given number of R-0 packets are transmitted and then an R-0-CRC packet is transmitted (depending on the LSB value). The de-activation of this option provides good-enough results compared to the case it is activated.
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Figure 1 Screen shot from the OPNET-based simulation tool (U-mode + R-mode)
	We can conclude on the usage of the "CRC option on R-0 packets" that:

· Acknowledgements (ACK) are only used for the update of the compressor's algorithms (i.e. the W-LSB window of the compressor) and the update of the decompression context;

· Deactivating the "CRC option on R-0 packets" provides good enough operation;
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Figure 2 Transmission of R-0 packets without "CRC option on R-0 packets" (U-mode + R-mode)
· Activating the "CRC option on R-0 packets" implies additional signalling due to the systematic acknowledgement of R-0-CRC packets;
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Figure 3 Transmission of R-0 packets with "CRC option on R-0 packets" (U-mode + R-mode)
For VoIP, the "CRC option on R-0 packets" is not optimised compared to the deactivation of this option in terms of transmitted amount of data. If we focus on the R-mode part of previous examples:
- Average amount of transmitted data in both directions without "CRC option on R-0 packets": 

- Number of AMR frames =
4 * 14 + 3 * 3

- 4 * 14 R-0 packets
=
4 * 14 * 36 Bytes

- 3 * 3 R-0-CRC packets
=
3 * 3 * 37 Bytes

- 3 * ACK feedbacks
=
3 * 4 Bytes

-Total


=
2361 Bytes

- Average amount of transmitted data in both directions with "CRC option on R-0 packets": 

- - Number of AMR frames =
4 * 14 + 3 * 3

- 4 * 14 R-0 packets
=
0 Bytes

- 3 * 3 R-0-CRC packets
=
(4 * 14 + 3 * 3) * 37 Bytes

- 3 * ACK feedbacks
=
(4 * 14 + 3 * 3) * 4 Bytes

-Total


=
2665 Bytes

O-Mode:
For VoIP, the O-Mode is close to the "CRC option on R-0" in terms of behaviour except that acknowledgements are not transmitted in the opposite transmission direction each time a ROHC packet is transmitted in the reference transmission direction.
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Figure 4 Transmission of UOR-2 packets (U-mode + O-mode)
For VoIP, the transmission of UO-0 packets in O-Mode is more optimized in terms of transmitted amount of data than the transmission of R-0 packets in R-Mode, even when the "CRC option on R-0 packets" is deactivated. If we focus on the R-mode and O-mode parts of previous examples:

- Average amount of transmitted data in both directions without "CRC option on R-0 packets": 

- Number of AMR frames 
=
4 * 14 + 3 * 3

- 4 * 14 R-0 packets

=
4 * 14 * 36 Bytes

- 3 * 3 R-0-CRC packets

=
3 * 3 * 37 Bytes

- 3 * ACK feedbacks

=
3 * 4 Bytes

-Total



=
2361 Bytes

- Average amount of transmitted data in both directions on UO-0 packets": 

- Number of AMR frames

=
4 * 14 + 3 * 3

- (4 * 14 + 3 * 3) UO-0 packets
=
(4 * 14 + 3 * 3) * 36 Bytes

-Total



=
2340 Bytes

With examples above, the difference between R-mode and O-mode is small due to the fact that only a small period of time was considered. For higher period of time, the gain of O-mode compared to R-mode is better.

U-mode is also assumed to be used for the VoIP transmission initialisation.

Orange recommends not using R-mode but using O-mode instead, for VoIP support in UTRAN for the following reasons:

- O-mode allows reducing the average amount of transmitted data in both directions;

- O-mode allows shaping transmission with constant size packets (i.e. only UO-0 packets and not a mix of R-0, R-0-CRC and ACK packets with associated transport format sizes at UTRAN level)
- O-mode allows the transmission of UO-0 packets with a CRC that protects the packet and is considered in the error check algorithm of the de-compressor, 
Note that during the simulations with O-mode, the following packets:

- Were observed: UOR-2-TS (majority compared to UOR-2)

- Were not observed: UO-1, UO-1-TS and UO-1-ID
ROHC parameter setting:

Since R-mode is not recommended to be used, we provide hereafter the parameter settings that have brought the best performances during the simulations for U-mode + O-mode VoIP sessions:
	ROHC parameter
	U-mode (initialisation)
	O-mode

	L
	2
	2

	FOtimer
	0.66 second
	0.12 second

	IRtimer
	6 seconds
	0.12 second

	K1
	2
	2

	N1
	20
	20

	K2
	2
	1

	N2
	2
	1


Table 1 Proposal of parameter settings for ROHC performance tests in U / O-mode
The performance that have been investigated for providing previous parameter settings are: the initialization phase duration, the reaction delay to a decompression problem, the header compression ratio (compressed header / uncompressed header), the error rates (in UDP and PDCP layers), the average amount of transferred data and resources usage (in terms of transport block occupancy in RLC layer).
	The following conclusions were reached for ROHC O-mode:

· L: the confidence parameter allows setting the number of times an IR or IR-Dyn packet is transmitted. Setting L=1 is too optimistic since the probability of IR / IR-Dyn packet loss may not be neglected as well as the initialization delay that occurs in the de-compressor. 
As a result, Orange recommends using L = 2. Note that the simulations have shown that IR and IR-Dyn packets are transmitted during the initialization phase. IR-Dyn may also be transmitted in case of important problems (e.g. decompression error); however these problems were not observed during the "one hour" VoIP sessions.
· FOtimer and IRtimer: the compressor always starts in U-mode (initialization phase) before transiting to O-mode. If the transition from U-mode to O-mode is unsuccessful and since the L parameter is still used in O-mode (in addition to U-mode), the value of IRtimer should be set in a manner to ensure that the compressor will retry to transit to O-mode in the shortest delay. FOtimer does not play a significant role in O-mode. Orange recommends setting IRtimer and FO timer to the smallest possible values e.g. 20 ms longer than the initialization phase duration. The initialization phase duration was observed to be around 100ms. 
As a result, Orange recommends using FOtimer = 120ms and IRtimer = 120ms.
· K2, N2: K2 needs to be set to 1 since the de-compressor takes this parameter into account only when it is already in a problematic situation and when the packet that could solve this situation is erroneous. N2 is useless when K2 = 1 since, for each erroneous packet, the de-compressor reacts immediately. Thus, we assume N2 to be set to 1 (default choice).
As a result, Orange recommends using K2 = 1 and N2 = 1;
· N1: a large range of values has been simulated for N1. Orange assumes using N1 = 20 since it corresponds to a period of 400 ms and errors are assumed to be de-correlated with an arbitrary error interval of 400ms;

· K1: setting K1 = 1 means that the de-compressor is highly error-sensitive and each time an error will occur (e.g. on a UO-0 packet), the de-compressor will discard all the consecutive UO-0 packets until it has not received the context (i.e. an IR-Dyn packet). Since the lost ROHC packets (i.e. the UO-0 packets) are not retransmitted and since the de-compressor should not discard the consecutive UO-0 packets (they contain a 3 bits CRC that could be used to update the W-LSB window each time an UO-0 packet is received by the de-compressor), Orange does not recommend using K1 = 1 but recommends using K1 = 2 instead.


3. Conclusion

Previous simulation results are brought in order to optimize, for VoIP support in UTRAN:

· The initialization phase duration;

· The reaction delay to decompression problem;

· The header compression ratio (compressed header / uncompressed header);

· The error rates (in UDP and PDCP layers);

· The average amount of transferred data;

· The resource usage (transport block occupancy in the RLC layer). 
Orange suggests taking the following information into account in the scope of ROHC performance tests and in the case of VoIP transmission optimization:
· ROHC U-mode is assumed to be used for the initialisation phase;
· ROHC U-mode is not adapted after the initialisation phase;
· The use of ROHC R-mode for VoIP support in UTRAN is not recommended since ROHC R-mode is less optimal than ROHC O-mode in terms of average amount of transmitted data;
· The use of ROHC O-Mode for VoIP support in UTRAN is recommended after the initialisation phase;
· The UOR-2-TS packet needs to be implemented in addition to UOR-2 especially for IPv4;
· For performance tests based on ROHC U-mode and O-mode, the following parameter settings are recommended since they are optimised for VoIP:
	ROHC parameter
	U-mode (initialisation)
	O-mode

	L
	2
	2

	FOtimer
	0.66 second
	0.12 second

	IRtimer
	6 seconds
	0.12 second

	K1
	2
	2

	N1
	20
	20

	K2
	2
	1

	N2
	2
	1


Table 2 ROHC parameter settings for VoIP

If agreed in RAN2, Orange will be pleased to draft a text relevant from conclusion above in the "normative annex" of TS 25.323 Release 5 [1] concerning the ROHC parameter settings for tests concerning U-mode and O-mode, i.e.:
· A.2.1
Test 1a - Base test of ROHC RTP O-mode compressor
· A.2.3
Test 2a - TTL / Hop-Limit variations in O-mode

· A.2.5
Test 3a - Re-establishment TS after DTX in O-mode

· A.2.7
Test 4a - Compressor response to single lost packets in O-mode

· A.2.9
Test 5a - Compressor response to several packet losses in O-mode
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Annex 1 – ROHC header formats
	Header format
	Size (Bytes)
	Content

	ACK
	3 Bytes (piggy-backed packet)

4 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110010) + 8 bits (Add_CID) + 8 bits (SN)


	NACK
	4 Bytes (piggy-backed packet)

5 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110011) + 8 bits (Add_CID) + 2 bits (acknowledgement type = 01) + 2 bits (ROHC mode) + 12 bits (SN)


	STATIC-NACK
	4 Bytes (piggy-backed packet)

5 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110011) + 8 bits (Add_CID) + 2 bits (acknowledgement type = 10) + 2 bits (ROHC mode) + 12 bits (SN)


	ACK-CRC
	6 Bytes (piggy-backed packet)

7 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110101) + 8 bits (Add_CID) + 2 bits (acknowledgement type = 00) + 2 bits (ROHC mode) + 12 bits (SN) + 8bits (option type = 1 and option length = 1) + 8 bits (CRC)

	NACK-CRC
	6 Bytes (piggy-backed packet)

7 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110101) + 8 bits (Add_CID) + 2 bits (acknowledgement type = 01) + 2 bits (ROHC mode) + 12 bits (SN) + 8bits (option type = 1 and option length = 1) + 8 bits (CRC)

	ACK-CRC
	6 Bytes (piggy-backed packet)

7 Bytes (Stand-alone packet incl. 1 Byte LI in RLC header)
	8 bits (11110101) + 8 bits (Add_CID) + 2 bits (acknowledgement type = 10) + 2 bits (ROHC mode) + 12 bits (SN) + 8bits (option type = 1 and option length = 1) + 8 bits (CRC)

	R-0
	4 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 00) + 6 bits (SN) + optional 16 bits (UDP checksum)

	R-0-CRC
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 7 bits (SN) + 7 bits (CRC) + optional 16 bits (UDP checksum)

	R-1
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 6 bits (SN or Offset_i or 0) + M bit + X bit+ 6 bits (TS-scaled) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	R-1-TS
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 6 bits (SN) + M bit + X bit + T bit (T=1) + 5 bits (TS-scaled) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	R-1-ID
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 6 bits (SN) + M bit + X bit + T bit (T=0) + 5 bits (IP-ID) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	UO-0
	4 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 1 bit (packet format: 0) + 4 bits (SN) + 3 bits (CRC) + optional 16 bits (UDP checksum)

	UO-1
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 6 bits (TS-scaled or Offset_i or 0) + M bit + 3 bits (SN) + 4 bits (CRC) + optional 16 bits (UDP checksum)

	UO-1-TS
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4 and without extension)
	8 bits (CID) + 2 bits (packet format: 10) + 1 bit (T=1) + 5 bits (TS-scaled) + M bit + 3 bits (SN) + 4 bits (CRC) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	UO-1-ID
	5 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 2 bits (packet format: 10) + 1 bit (T=0) + 5 bits (IP-ID) + X bit + 3 bits (SN) + 4 bits (CRC) + optional 16 bits (UDP checksum)

	UOR-2
	6 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 3 bits (packet format: 110) + 6 bits (TS-scaled or SN) + M bit + 6 bits (SN) + X bit + 7 bits (CRC) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	UOR-2-TS
	6 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 3 bits (packet format: 110) + 5 bits (TS-scaled) + T bit (T=1) + M bit + 6 bits (SN) + X bit + 7 bits (CRC) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	UOR-2-ID
	6 Bytes (with UDP checksum: other ROHC profiles than profile 4)
	8 bits (CID) + 3 bits (packet format: 110) + 5 bits (IP-ID) + T bit (T=0) + M bit + 6 bits (SN) + X bit + 7 bits (CRC) + optional extension bits (No ext, ext 0, 1 2 or 3) + optional 16 bits (UDP checksum)

	Extension 0
	1 Byte
	

	Extension 1
	2 Bytes
	

	Extension 2
	3 Bytes
	

	Extension 3
	1 to 22 Bytes
	

	IR
	43 Bytes (344 bits) for IPv4

66 Bytes (530 bits) for IPv6
	- 8 bits (CID) + 8 bits (packet format: 11111101) + 8 bits (ROHC profile: Profile 1) + 8 bits (CRC)

- 10 * 8 bits (IPv4 static parameters) or 36 * 8 bits (IPv6 static parameters) + 4 * 8 bits (UDP static parameters) + 4 * 8 bits (RTP static parameters)

- 6* 8 bits (IPv4 dynamic parameters) or 3 * 8 bits (IPv6 dynamic parameters) + 2 * 8 bits (UDP dynamic parameters) + 13 * 8 bits (RTP dynamic parameters with cc=0 and without csrc list)

	IR-DYN
	26 Bytes (208 bits) for IPv4

23 Bytes (184 bits) for IPv6
	- 8 bits (CID) + 8 bits (packet format: 11111000) + 8 bits (ROHC profile: Profile 1) + 8 bits (CRC)

- 6* 8 bits (IPv4 dynamic parameters) or 3 * 8 bits (IPv6 dynamic parameters) + 2 * 8 bits (UDP dynamic parameters) + 14 * 8 bits (RTP dynamic parameters)


Annex 2 – AMR 12.2 packet formats

	Packet format
	Header
	Payload
	Packet size (Bytes)

	AMR 12.2 uncompressed
	RTP/UDP/IPv4 = 40 Bytes
	32 Bytes
	72 Bytes

	AMR 12.2 compressed with R-0
	ROHC R-0 header = 4 Bytes
	32 Bytes
	36 Bytes

	AMR 12.2 compressed with R-0-CRC
	ROHC R-0-CRC header = 5 Bytes
	32 Bytes
	37 Bytes

	AMR 12.2 compressed with R-1
	ROHC R-1 = 5 Bytes
	32 Bytes
	37 Bytes

	AMR 12.2 compressed with UO-0
	ROHC UO-0 header = 4 Bytes
	32 Bytes
	36 Bytes

	AMR 12.2 compressed with UO-1
	ROHC UO-1 header = 5 Bytes
	32 Bytes
	37 Bytes

	AMR 12.2 compressed with UOR-2
	ROHC UOR-2 header = 6 Bytes
	32 Bytes
	38 Bytes

	AMR 12.2 compressed with IR
	ROHC IR header = 43 Bytes
	32 Bytes
	75 Bytes

	AMR 12.2 compressed with IR-Dyn
	ROHC IR-Dyn header = 26 Bytes
	32 Bytes
	58 Bytes

	ACK
	3 Bytes
	N/A
	3 Bytes (piggy-backed)

4 Bytes (stand-alone)

	NACK
	4 Bytes
	N/A
	4 Bytes (piggy-backed)

5 Bytes (stand-alone)

































































Sinter < Sx < Sintra, FA1, FA2 measurement













































































