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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. 

During last RAN2#51 meeting in Denver, Orange has introduced some simulation results concerning the operation of ROHC w.r.t. VoIP [1]. Moreover, Orange has provided some recommendations for ROHC parameters in the scope of ROHC performance tests, which were included in PDCP specifications as a "Reference model for generating ROHC performance requirements" [2] [3].

Today, PDCP specification [4] is provided:

· Some ROHC performances tests cases in the normative Annex A

· A reference model for generating ROHC performance requirements in the informative Annex B

However, the Annex A still contains some limitations, before RAN5 implements the ROHC performance tests in their specifications:

· The way the tests cases will be used is still unclear

· The tests cases defined by RAN2 still contain some "to be defined" values

Current contribution suggests discussing the way the tests cases will be used and suggests defining the "to be defined" values. In addition, new tests cases are proposed.
2 Discussion: how the tests cases will be used?

2.1 Background on the tests cases

If we read section A.1 in PDCP specification, "all ROHC performance tests are carried out by providing a sequence of uncompressed IP/UDP/RTP packets to the ROHC RTP compressor, together with some artificial feedback messages synchronized with the packet sequence." 
Orange assumes that both the ROHC compressor of the UE and the UTRAN will be tested.
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Figure 1 testing the performance of ROHC compressor

Then, it is specified that "all packets in these sequences are built on the same base structure, with most field values being constant, and with a fixed payload size of 32 octets" and that "four fields (IP ID, IP TTL/HL, RTP SN, and RTP TS) are affected by the test sequence variations currently being considered for these ROHC RTP performance tests. Values for these fields must thus be found in the test sequence details of each test." 

Note that:

· The identification field (called "IP ID") and the time to live field (called "IP TTL") are only valuable in the case of IPv4 header and do not apply for IPv6 header;

· The hop limit field (called "IP HL") is only valuable in the case of IPv6 header and does not apply for IPv4 header

Annex A.3 provides further information on test packet structure. If we focus on previous assumptions and, in the case of IPv6, the uncompressed packet, that is generated by the ROHC performance tester and that is sent to the ROHC compressor (see Figure 1), may be defined as follows:

	Protocol (header size)
	Field
	Field size (bits)
	Hexadecimal value
	Decimal value

	IPv6 (40 Bytes)
	Version
	4
	0x6
	6

	
	Traffic class
	8
	0x00
	0

	
	Flow label
	20
	0x00000
	0

	
	Payload length
	16
	0x0034
	52 (32 Bytes of payload + 12 Bytes of RTP header + 8 Bytes of UDP header)

	
	Next header
	8
	0x11 (UDP)
	17

	
	Hop limit (IP HL)
	8
	Test dependent

Note: the hop limit is the maximal number of hops between the crossed nodes. Each time a node is crossed, the hop limit is decreased. This may be linked to the IPv4 field named "time to live".

	
	Source address
	128 (16 Bytes)
	Any value

	
	Destination address
	128 (16 Bytes)
	Any value

	UDP (8 Bytes)
	Source port
	16
	Any value

	
	Destination port
	16
	Any value

	
	Length
	16
	0x0034
	52 (32 Bytes of payload + 12 Bytes of RTP header + 8 Bytes of UDP header)

Note: the length includes the UDP header

	
	Checksum
	16
	Defined in RFC 768

	RTP (12 Bytes)
	Version (V = 2)
	2
	0x02
	2

	
	Padding (P)
	1
	0x0
	0

	
	Extension (X)
	1
	0x0
	0

	
	CSRC Counter (CC)
	4
	0x0
	0

	
	Marker (M)
	1
	0x0
	0

	
	Payload Type (PT)
	7
	0x60
	96

	
	Sequence Number (RTP SN)
	16
	Test dependent

	
	Timestamp (RTP TS)
	32
	Test dependent

	
	Synchronisation source (SSRC) identifier
	32
	Any value

	Payload (32 Bytes)
	AMR frame
	32
	Any random value


Table 1 Structure of the uncompressed packet (in the case of IPv6)
Section A.2 provides several tests cases:

	Test case
	Title
	Test purpose

	Test 1a
	Base test of ROHC RTP O-mode compressor
	To verify that the compressor implements an active and efficient compression for a regular IP/UDP/RTP packet stream, i.e. that it makes use of the most efficient compressed packet formats provided by ROHC RTP for O-mode

	Test 1b
	Base test of ROHC RTP R-mode compressor
	To verify that the compressor implements an active and efficient compression for a regular IP/UDP/RTP packet stream, i.e. that it makes use of the most efficient compressed packet formats provided by ROHC RTP for R-mode

	Test 2a
	TTL / Hop-Limit variations in O-mode
	To verify that the compressor can efficiently handle changes in the TTL/Hop-Limit value, i.e. use the most efficient header extension provided by ROHC RTP for O-mode

	Test 2b
	TTL / Hop-Limit variations in R-mode
	To verify that the compressor can efficiently handle changes in the TTL/Hop-Limit value, i.e. use the most efficient header extension provided by ROHC RTP for R-mode

	Test 3a
	Re-establishment TS after DTX in O-mode
	To verify that the compressor can efficiently re-establish the proper TS value after a DTX period, i.e. use the most efficient header extension(s) provided by ROHC RTP for O-mode

	Test 3b
	Re-establishment TS after DTX in R-mode
	To verify that the compressor can efficiently re-establish the proper TS value after a DTX period, i.e. use the most efficient header extension(s) provided by ROHC RTP for R-mode

	Test 4a
	Compressor response to single lost packets in O-mode
	To verify that the compressor is not impacted by the missing of a single packet, i.e. the compressed packet size should not increase due to such events

	Test 4b
	Compressor response to single lost packets in R-mode
	To verify that the compressor is not impacted by the missing of a single packet, i.e. the compressed packet size should not increase due to such events

	Test 5a
	Compressor response to several packet losses in O-mode
	To verify that the compressor can efficiently handle events when there are several consecutive pre-compressor packet losses in the packet stream, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP for O-mode

	Test 5b
	Compressor response to several packet losses in R-mode
	To verify that the compressor can efficiently handle events when there are several consecutive pre-compressor packet losses in the packet stream, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP for R-mode


Table 2 List of ROHC performance tests
2.2 Analysis of some tests cases

One of the conclusions from Orange proposal in RAN2#51 [1] was that "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". As a result, next section only analyses ROHC O-mode tests cases, i.e. test 1a, 3a, 4a and 5a. Test 2a is not believed to be essential, compared e.g. to Test 1a, so Orange did not further analyse it.
Test 1a "Base test of ROHC RTP O-mode compressor":

In this test and according to section A.2.1.2 of [4], "a 5 second packet sequence with 50 packets per second is used where all header fields are set according to the basic test packet structure" and this packet sequence is representative of an AMR flow without silent periods (i.e. the AMR codec generates 32 Bytes frames every 20 ms). A total of 250 uncompressed packets, conveying AMR 32 Bytes payload, will be generated by the ROHC performance tester (see Figure 1).

For this test, some test-dependent parameters of the uncompressed packet (see Table 1) are further defined:
	Protocol (header size)
	Field
	Field size (bits)
	Hexadecimal value
	Decimal value

	IPv6 (40 Bytes)
	Hop limit (IP HL)
	8
	0x20
	32

	RTP (12 Bytes)
	Sequence Number (RTP SN)
	16
	0x0000 for the 1st packet

0x00F9 for the 250th packet

(Increasing step = 1)
	0 for the 1st packet

249 for the 250th packet

(0x00F9 corresponds to the value of 250-1=249)

	
	Timestamp (RTP TS)
	32
	0x00000000 for the 1st packet

0x00009BA0 for the 250th packet

(Increasing step = 160)


	0 for the 1st packet

39840 for the 250th packet

(0x00009BA0 corresponds to the value of 249*160 = 39840)
The increasing step of 160 comes from the fact that the coder's sampling rate runs at 8 kHz and thus generates a sample with a 0.125 ms periodicity. Since a VoIP packet is sent every 20 ms, this corresponds to 160 samples.


Table 3 Test-dependent parameters of the uncompressed packet for Test 1a (in the case of IPv6)

In addition, according to section A.2.1.2 of [4], "between the 6th and 7th packet of the sequence, a ROHC feedback packet of ROHC RTP feedback type 2 is to be given to the ROHC compressor to trigger an immediate transition to O-mode operation".
Orange assumes that this feedback is sent in a stand-alone way i.e. that this feedback is not piggy-backed with the payload of an RTP packet in the reverse transmission direction (see section 1.2 of [1]). 

For the transition between U-mode and O-mode, an ACK feedback is used.

However, in O-mode, only NACK feedbacks are sent and the transitions between compression states are controlled by:

· L parameters

· NACK feedback messages

According to RFC 3095 (ROHC), the de-compressor generates two kinds of feedbacks:

· Feedback type 1, which corresponds to an ACK message without operation mode information. This feedback type may not be used in O-mode;

· Feedback type 2, which corresponds to an ACK / NACK / STATIC NACK message with operation mode information. This feedback type may be used in O-mode.

The formats of the feedback type 2 packets are provided below:

	Feedback type 2 packet
	Format when transmitted in a stand-alone way
	Format when transmitted in a piggy-backed way

	
	Field
	Size (bits)
	Field
	Size (bits)

	ACK
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

(Orange preference)
	5 bits (11110)

3 bits (010)

8 bits (1110xxxx)

2 bits (00)

2 bits (010)

4 bits (0000)

8 bits
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.
	5 bits (11110)

3 bits (010)

2 bits (00)

2 bits (010)

4 bits (0000)

8 bits

	NACK
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.
	5 bits (11110)

3 bits (011)

8 bits (1110xxxx)

2 bits (01)

2 bits (010)

4 bits (0000)

8 bits
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.


	5 bits (11110)

3 bits (011)

2 bits (01)

2 bits (010)

4 bits (0000)

8 bits

	STATIC-NACK
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.
	5 bits (11110)

3 bits (011)

8 bits (1110xxxx)

2 bits (10)

2 bits (010)

4 bits (0000)

8 bits
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.
	5 bits (11110)

3 bits (011)

2 bits (10)

2 bits (010)

4 bits (0000)

8 bits

	ACK-CRC
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

8 bits (1110xxxx)

2 bits (00)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

2 bits (00)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)

	NACK-CRC
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

8 bits (1110xxxx)

2 bits (01)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

2 bits (01)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)

	STATIC-NACK-CRC
	Packet format 

Code

Add-CID

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

8 bits (1110xxxx)

2 bits (10)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)
	Packet format 

Code

Ack. Type

Oper. Mode

Seq. Num.

RTP Seq. Num.

Option Type

Option Length

Option data
	5 bits (11110)

3 bits (101)

2 bits (10)

2 bits (010)

4 bits (0000)

8 bits

4 bits (CRC option)

4 bits

8 bits (8 bits CRC)


Table 4 Formats of feedback type 2 packets

The feedback packet that is proposed in section A.2.1.2 of PDCP [4] corresponds to a piggy-backed feedback packet (since there is no Add-CID field) with the following values:

· Packet format: "11110"
· Code: "0x2 (indicates that feedback data above the type octet is 2 octets)"

· Ack. Type: "0x0 (means ACK)"

· Oper. Mode: "0x2 ('means O-mode)"

· Seq. Num.: "0x000"

	Assumptions:

Orange assumes that:

-In O-mode, UO-0 packets are transmitted by the compressor;

-The confidence parameter L=2 for O-mode, as recommended in the reference model in Annex B.2.2 of PDCP [4];

-UO-0 packets are provided a 4 Bytes header, as explained in Annex 1 of [1].


It has to be noted that the test sequence is very dependent on the ROHC implementation. For example, in the LOCO implementation that was used by the R&D Division of France Telecom in order to provide simulations results [1], the ACK feedback that triggers the transition from U-mode to O-mode is not sent between the 6th and the 7th packet but between the two UOR-2 packets (or IR-Dyn packets) that are sent immediately after the two first IR-packets. The test sequence for the LOCO implementation is provided hereafter for VoIP over IPv6:
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Figure 2 Test 1a sequence (France Telecom's implementation of LOCO algorithm)

	Assumption:

Orange assumes that IR and IR-DYN (or UOR-2) packets do not belong to the six first packets compressed by ROHC compressor since ROHC compressor and ROHC decompressor behaviours depend on:

· The implementation;

· The considered payload whose header is compressed (i.e. the nature of the embedded codec frames);
· The UO-1 packet may be considered, with UO-0 packets, as the first packets of the test.



The test sequence provided by Test 1a is provided below:
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Figure 3 Test 1a sequence (general implementation)

The maximal compressed header overhead for the test sequence, whose values are "to be defined" (TBD) in section A.2.1.3 of PDCP [4] is, in the case of IPv6 and UO-0 packets: 4 Bytes.

Test 3a
"Re-establishment TS after DTX in O-mode":

In this test and according to section A.2.5.1 of [4], the aim of the test is to check that the compressor can efficiently re-establish the correct RTP timestamp value after a discontinuous transmission period.

For this test, some test-dependent parameters of the uncompressed packet (see Table 1) are further defined as for Test 1a with a slight difference on the RTP timestamp value:
	Protocol (header size)
	Field
	Field size (bits)
	Hexadecimal value
	Decimal value

	IPv6 (40 Bytes)
	Hop limit (IP HL)
	8
	0x20
Note: same as Test 1a
	32

	RTP (12 Bytes)
	Sequence Number (RTP SN)
	16
	0x0000 for the 1st packet

0x00F9 for the 250th packet

(Increasing step = 1)
Note: same as Test 1a
	0 for the 1st packet

249 for the 250th packet



	
	Timestamp (RTP TS)
	32
	0x00000000 for the 1st packet
0x00002080 for the 21st packet

0x000076C0 for the 31st packet

0x00057D00 for the 41st packet

…
0x0005FFA0 for the 250th packet

(Increasing step = 
160 for packets whose RTP SN is different from n * 10 with n = 2 .. 24

160*(2^(2^(n-1) + 3)) for packets whose RTP SN is equal to n * 10 with n = 2 .. 24)
For n = 2, i.e. for RTP SN = 20, the increasing step is 160*(2^(2^(2-1) + 3) = 160*32

For n = 3, i.e. for RTP SN = 30, the increasing step is 160*(2^(2^(3-1) + 3) = 160*128

For n = 4, i.e. for RTP SN = 40, the increasing step is 160*(2^(2^(4-1) + 3) = 160*2048

The 32*160 timestamp shift corresponds 32 * 160 * 0.125 = 640 milliseconds i.e. an absence of transmission of 32 consecutive packets (with a transmission period of 20 ms)
	0*160=0 for the 1st packet (RTP SN = 0)

(20+32)*160=8320 for the 21st packet (RTP SN=20)

(30+32+128)*160=30400 for the 21st packet (RTP SN = 20)

(30+32+128+2048)*160=359680 for the 21st packet (RTP SN = 20)

…

393120 for the 250th packet (RTP SN = 249)




Table 5 Test-dependent parameters of the uncompressed packet for Test 3a (in the case of IPv6)

The test sequence provided by Test 3a is provided below:
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Figure 4 Test 3a sequence (general implementation)

Test 4a
"Compressor response to single lost packets in O-mode":

In this test and according to section A.2.7.1 of [4], the aim of the test is to check that the compressor is able to support the loss of a single packet.

For this test, packets with the sequence number equal to 20, 30 and 40 are removed from the test sequence; this corresponds to the 21st, the 31st and the 41st packets respectively.

The test sequence provided by Test 4a is provided below:
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Figure 5 Test 4a sequence (general implementation)

Test 5a
"Compressor response to several packet losses in O-mode":

In this test and according to section A.2.9.1 of [4], the aim of the test is to check that the compressor is able to support the losses of several consecutive packets.

For this test, packets with the sequence number from 20 to 25 are removed from the test sequence; this corresponds to the 21st up to the 26th packets respectively.

Orange believes that a second sequence of consecutive packet losses should be added (e.g. packets with sequence number from 40 to 55 are removed from the test sequence).

The test sequence provided by Test 5a is provided below:
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Figure 6 Test 5a sequence (general implementation)

3 Proposal: definition of the tests cases "to be defined" values
3.1 Proposal 1: Modification of current test cases in PDCP specification

Orange first proposal is to clarify existing test cases for ROHC O-mode, within PDCP specification.

/*-----------BEGINNING OF THE MODIFICATION----------------*/
A.2.1
Test 1a - Base test of ROHC RTP O-mode compressor
A.2.1.1
Test purpose
The purpose of the base test is to verify that the compressor implements an active and efficient compression for a regular IP/UDP/RTP packet stream, i.e. that it makes use of the most efficient compressed packet formats provided by ROHC RTP [8] for O-mode.

A.2.1.2
Sequence details

A 5 second packet sequence with 50 packets per second is used where all header fields are set according to the basic test packet structure, as described in subclause A.3, with addition of the following:

1.
The Time To Live (TTL) / Hop Limit field is set to the value 0x20

2.
The RTP Sequence Number is a linearly increasing counter with a packet-to-packet delta of 1, set to 0x0000 for the first packet and thus ending with 0x00F9 (249) in the last packet of the sequence

3.
The RTP Time Stamp is a linearly increasing counter with a packet-to-packet delta of 160, set to 0x00000000 for the first packet and thus ending with 0x00009BA0 (39840) in the last packet of the sequence.

4.
The IP Identification is set to the same value as the RTP Sequence Number

Between the 6th and 7th packet of the sequence, a ROHC feedback packet of ROHC RTP feedback type 2 is to be given to the ROHC compressor to trigger an immediate transition to O-mode operation. The format of that packet is as follows:
     0   1   2   3   4   5   6   7
   +---+---+---+---+---+---+---+---+

   | 1   1   1   1   0 |   Code    |  feedback type octet

   +---+---+---+---+---+---+---+---+

   | 1   1   1   0 |      CID      |  ADD-CID octet 
   +---+---+---+---+---+---+---+---+

   |Acktype| Mode  |      SN       |

   +---+---+---+---+---+---+---+---+

   |              SN               |

   +---+---+---+---+---+---+---+---+

Where:

-
Add-CID is set to 0xE1 (1110 + CID set to 0001 gives 11100001 binary value i.e. E1 hexadecimal value)
- 
Code is set to  0x3 (indicates that feedback data above the type octet is 3 octets)

-
Acktype is set to 0x0 (i.e. the 2 bits are set to 00 which means feedback type 2 is an ACK)

-
Mode is set to 0x2 (means O-mode)

-
SN is set to 0x000

A.2.1.3
Test requirement

The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 10th packet (since the transition from U-mode to O-mode is implementation-dependent), are:
- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets
-
With IPv6: 4 octets
- There is no switch back from O-mode to R-mode / U-mode, from an arbitrary 10th packet (since the transition from U-mode to O-mode is implementation-dependent).
/*-----------END OF THE MODIFICATION----------------*/
/*-----------BEGINNING OF THE MODIFICATION----------------*/
A.2.5
Test 3a - Re-establishment TS after DTX in O-mode

A.2.5.1
Test purpose

The purpose of the TS re-establish test is to verify that the compressor can efficiently re-establish the proper TS value after a DTX period, i.e. use the most efficient header extension(s) provided by ROHC RTP [8] for O-mode.

A.2.5.2
Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

1.
The RTP Time Stamp is a linearly increasing counter with a packet-to-packet delta of 160, set to 0x00000000 for the first packet.

2.
For packet with an SN of 20, TS is increased to represent a 32 (0.64 seconds) packet skip (32x160) and is thus set to (20+32)x160=8320 (0x00002080). Then TS continues to grow as stated in 1 above.

3.
For packet with an SN of 30, TS is increased to represent a 128 (2.56 seconds) packet skip (128x160) and is thus set to (30+32+128)x160=30400 (0x000076C0). Then TS continues to grow as stated in 1 above.

4.
For packet with an SN of 40, TS is increased to represent a 2048 (40.96 seconds) packet skip (2048x160) and is thus set to (40+32+128+2048)x160=359680 (0x00057D00). Then TS continues to grow as stated in 1 above.

5.
TS thus ends at 393120 (0x0005FFA0) in the last packet of the sequence with RTP sequence number 249.

A.2.5.3
Test requirement



The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 5th packet since the 21st , the 31st and the 41st packet, are:

- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets

-
With IPv6: 4 octets
/*-----------END OF THE MODIFICATION----------------*/
/*-----------BEGINNING OF THE MODIFICATION----------------*/
A.2.7
Test 4a - Compressor response to single lost packets in O-mode

A.2.7.1
Test purpose

The purpose of this test is to verify that the compressor  is not impacted by the missing of a single packet, i.e. the compressed packet size should not increase due to such events.

A.2.7.2
Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

-
Packets with SN 20, 30, and 40 are removed from the sequence.

A.2.7.3
Test requirement


The test will be successfully passed if the following conditions are fulfilled:

- The packets with SN 21, 31 and 41 (following the missing packets) must be:

- UO-0 (36 bytes with IPv4 or IPv6)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets

-
With IPv6: 4 octets
/*-----------END OF THE MODIFICATION----------------*/
/*-----------BEGINNING OF THE MODIFICATION----------------*/
A.2.9
Test 5a - Compressor response to several packet losses in O-mode

A.2.9.1
Test purpose

The purpose of this test is to verify that the compressor can efficiently handle events when there are several consecutive pre-compressor packet losses in the packet stream, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP [8] for O-mode.

A.2.9.2
Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

-
Packets with SN 20-25 and 40-55 are removed from the sequence.

A.2.9.3
Test requirement



The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 5th packet since the 26th and the 56th packet, are:

- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets

-
With IPv6: 4 octets
/*-----------END OF THE MODIFICATION----------------*/
3.2 Proposal 2: Addition of new ROHC decompressor tests cases in PDCP specification

Orange also believes that the following tests cases should be added in PDCP specification in order to further test ROHC compressor:

	Test case
	Title
	Test purpose

	Test 6a
	Compressor response to packet length variations in O-mode
	To verify that the compressor can efficiently handle events when there are packets with lower length in the packet stream are transmitted, in order to evaluate the impact of packet length variations due to the transmission of e.g. AMR SID packets or different of AMR mode packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode.

	Test 7a
	Compressor response to packet length variations due to DTX in O-mode
	To verify that the compressor can efficiently handle events when packets with lower length in the packet stream are transmitted after a period of DTX, in order to evaluate the impact of packet length variations due to the transmission of e.g. AMR SID packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode.

	Test 8a
	Compressor response to a NACK
	To verify that the compressor can efficiently handle events when a NACK feedback is sent by the decompressor, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP [8] for O-mode after having received the NACK.


Table 6 List of additional ROHC performance tests proposed by Orange for ROHC compressor

/*-----------BEGINNING OF THE MODIFICATION----------------*/
A.2.11
Test 6a - Compressor response to packet length variations in O-mode

A.2.11.1 Test purpose

The purpose of this test is to verify that the compressor can efficiently handle events when there are packets with lower length in the packet stream are transmitted, in order to evaluate the impact of packet length variations due to the transmission of e.g. different AMR mode packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode. 
In this test, the AMR modes that are tested are 12.2 kbps (high packet size) and 7.4 kbps (low packet size).
A.2.11.2 Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

-
Packets with SN 20 to 25 and 40 to 50 have an AMR payload size of 20 bytes.
A.2.11.3 Test requirement

The test will be successfully passed if the three following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 5th packet since the 26th and the 51th packet, are:

- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets

-
With IPv6: 4 octets
A.2.12
Test 7a - Compressor response to packet length variations due to DTX in O-mode

A.2.12.1 Test purpose

The purpose of this test is to verify that the compressor can efficiently handle events when there are packets with lower length in the packet stream are transmitted after a period of DTX, in order to evaluate the impact of packet length variations due to the transmission of e.g. AMR SID packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode.

A.2.12.2 Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

-
Packets with SN 20 to 26 and 28 to 34 and 36 to 40 are removed from the tests sequence
-
Packets with SN 27 and 35 have an AMR SID payload size of 7 bytes.

A.2.12.3 Test requirement

The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 5th packet since the 41th packet, are:

- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is:
-
With IPv4: 4 octets

-
With IPv6: 4 octets
A.2.13 Test 8a – Compressor response to a NACK
A.2.13.1 Test purpose
The purpose of this test is to verify that the compressor can efficiently handle events when a NACK feedback is sent by the decompressor, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP [8] for O-mode after having received the NACK.
A.2.13.2 Sequence details

The test sequence is the same as in subclause A.2.1, with the following exception:

- Between the 20th and 21st  packet of the test sequence, a ROHC feedback packet of ROHC RTP feedback type 2 (NACK) is sent to the ROHC compressor in order to notify a decompression problem at the reception of the packet with the SN 15. The format of that packet is as follows:
     0   1   2   3   4   5   6   7

   +---+---+---+---+---+---+---+---+

   | 1   1   1   1   0 |   Code    |  feedback type octet

   +---+---+---+---+---+---+---+---+

   | 1   1   1   0 |      CID      |  ADD-CID octet 

   +---+---+---+---+---+---+---+---+

   |Acktype| Mode  |      SN       |

   +---+---+---+---+---+---+---+---+

   |              SN               |

   +---+---+---+---+---+---+---+---+

Where:

-
Add-CID is set to 0xE1 (1110 + CID set to 0001 gives 11100001 binary value i.e. E1 hexadecimal value)

- Code is set to 0x3 (indicates that feedback data above the type octet is 3 octets)

-
Acktype is set to 0x1 (i.e. the 2 bits are set to 01 which means feedback type 2 is a NACK)

-
Mode is set to 0x2 (means O-mode)

-
SN is set to 0xF (means the decompression problem occurred with the packet SN 15)
A.2.13.3 Test requirement

The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC compressor, from an arbitrary 10th packet since the 20th packet, are:

- UO-0 (which corresponds to a 4 Bytes ROHC header size and a 32 Bytes payload size)

- The maximal compressed header overhead generated by the ROHC compressor for the test sequence is, from an arbitrary 10th packet since the 20th packet:

-
With IPv4: 4 octets

-
With IPv6: 4 octets 

- The packet, generated by the ROHC compressor, for the 21st packet is less compressed than the UO-0 packet i.e. the header size may be higher than 4 Bytes for the 21st packet
/*-----------END OF THE MODIFICATION----------------*/

3.3 Proposal 3: Addition of new ROHC decompressor tests cases in PDCP specification

Orange believes that both the ROHC decompressor of the UE and the UTRAN should also be tested in addition to the ROHC compressor. We suggest using the following ROHC performance tester accordingly:
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Figure 7 testing the performance of ROHC compressor and decompressor
The ROHC performance tester has got the ability to modify some compressed packets received from the ROHC compressor by e.g. adding 1 erroneous bit in the 25th packet. Then, the modified compressed packet is sent to the decompressor. The ability of the ROHC decompressor to uncompress the packet and to send feedback messages should be tested.

As a result, Orange believes that the following tests cases should be added in PDCP specification in order to further test ROHC decompressor:

	Test case
	Title
	Test purpose

	Test 9a
	Base test of ROHC O-mode decompressor
	To verify that the decompressor implements an active and efficient decompression for a regular IP/UDP/RTP packet stream, i.e. that it is able to decompress the compressed packets provided by the compressor of ROHC RTP [8] for O-mode.

	Test 10a
	Reaction of ROHC O-mode decompressor to single packet loss
	To verify that the decompressor is not impacted by the missing of a single packet, i.e. no particular NACK message is generated by the decompressor and the packets following the single missing packet are successfully decompressed.

	Test 11a
	Reaction of ROHC O-mode decompressor to several consecutive packet losses
	To verify that the decompressor is not impacted by the missing of several consecutive packet losses, i.e. no particular NACK message are generated by the decompressor and the packets following the consecutive missing packets are successfully decompressed.


Table 2 List of additional ROHC performance tests proposed by Orange for ROHC decompressor

/*-----------BEGINNING OF THE MODIFICATION----------------*/

A.2.14 Test 9a - Base test of ROHC O-mode decompressor

A.2.14.1
 Test purpose
The purpose of the base test is to verify that the decompressor implements an active and efficient decompression for a regular IP/UDP/RTP packet stream, i.e. that it is able to decompress the compressed packets provided by the compressor of ROHC RTP [8] for O-mode.

A.2.14.2
 Sequence details

The test sequence considered in input of the decompressor is the output of the compressor for the test described in subsection A.2.1.
A.2.14.3
 Test requirement

The test will be successfully passed if the following conditions are fulfilled:

· The packets, generated by the ROHC decompressor, are:

- Uncompressed AMR12.2/RTP/UDP/IP packets.

- The length of these uncompressed packets is :

-
With IPv4: 72 octets

-
With IPv6: 92 octets

- After reception of each IR and/or IRDyn packet, an ACK or ACK-CRC message must be generated by the decompressor.
A.2.15 Test 10a – Reaction of ROHC O-mode decompressor to single packet loss
A.2.15.1 Test purpose
The purpose of this test is to verify that the decompressor is not impacted by the missing of a single packet, i.e. no particular NACK message is generated by the decompressor and the packets following the single missing packets are successfully decompressed.
A.2.15.2 Sequence details

The test sequence considered in input of the decompressor is the output of the compressor for the test described in subsection A.2.1 with the following exception:

- The 20th, 30th and 40th compressed packets are not transmitted to the decompressor.

A.2.15.3 Test requirement

The test will be successfully passed if the following conditions are fulfilled:

- The packets, generated by the ROHC decompressor, are:

- Uncompressed AMR12.2/RTP/UDP/IP packets.

- The length of these uncompressed packets is :

-
With IPv4: 72 octets

-
With IPv6: 92 octets

- After reception of each IR and/or IRDyn packet, a ACK or ACK-CRC message must be generated by the decompressor.
- No particular NACK message is generated by the decompressor

- All the packets received by the decompressor are treated and successfully decompressed
A.2.16 Test 11a – Reaction of ROHC O-mode decompressor to several consecutive packet losses
A.2.16.1 Test purpose
The purpose of this test is to verify that the decompressor is not impacted by the missing of several consecutive packet losses, i.e. no particular NACK message are generated by the decompressor and the packets following the consecutive missing packets are successfully decompressed.
A.2.16.2 Sequence details

The test sequence considered in input of the decompressor is the output of the compressor for the test described in subsection A.2.1 with the following exception:

- The 20th to 40th compressed packets are not transmitted to the decompressor.

A.2.16.3 Test requirement

The test will be successfully passed if the following conditions are fulfilled:

- The packets, generated by the ROHC decompressor, are:

- Uncompressed AMR12.2/RTP/UDP/IP packets.

- The length of these uncompressed packets is :

-
With IPv4: 72 octets

-
With IPv6: 92 octets

- After reception of each IR and/or IRDyn packet, a ACK or ACK-CRC message must be generated by the decompressor.

- At the reception of the 41th packet, a NACK message is generated by the decompressor to notify decompression problem to the decompressor
- All the packets received after this 31th packet are not decompressed (the decompressor is waiting for an uncompressed packet which will never come in input of the decompressor in this test)

/*-----------END OF THE MODIFICATION----------------*/

4 Conclusion

After a deep analyse of current ROHC performance tests cases, Orange and the R&D division of France Telecom come to the conclusion that:

· Current tests cases need to be clarified and refined

· Additional tests cases are required for the compressor

· Additional test cases are required for the decompressor

As a result, Orange suggest to correct PDCP specification by:

· Proposal 1: refining current tests cases with a special focus on O-mode tests cases

· Proposal 2: adding new tests cases for the compressor:

	Test case
	Title
	Test purpose

	Test 6a
	Compressor response to packet length variations in O-mode
	To verify that the compressor can efficiently handle events when there are packets with lower length in the packet stream are transmitted, in order to evaluate the impact of packet length variations due to the transmission of e.g. AMR SID packets or different of AMR mode packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode.

	Test 7a
	Compressor response to packet length variations due to DTX in O-mode
	To verify that the compressor can efficiently handle events when packets with lower length in the packet stream are transmitted after a period of DTX, in order to evaluate the impact of packet length variations due to the transmission of e.g. AMR SID packets, i.e. that the compressor makes use the most efficient header extension provided by ROHC RTP [8] for O-mode.

	Test 8a
	Compressor response to a NACK
	To verify that the compressor can efficiently handle events when a NACK feedback is sent by the decompressor, i.e. that the compressor makes use of the most efficient header extension provided by ROHC RTP [8] for O-mode after having received the NACK.


· Proposal 3: adding new tests cases for the decompressor:

	Test case
	Title
	Test purpose

	Test 9a
	Base test of ROHC O-mode decompressor
	To verify that the decompressor implements an active and efficient decompression for a regular IP/UDP/RTP packet stream, i.e. that it is able to decompress the compressed packets provided by the compressor of ROHC RTP [8] for O-mode.

	Test 10a
	Reaction of ROHC O-mode decompressor to single packet loss
	To verify that the decompressor is not impacted by the missing of a single packet, i.e. no particular NACK message is generated by the decompressor and the packets following the single missing packet are successfully decompressed.

	Test 11a
	Reaction of ROHC O-mode decompressor to several consecutive packet losses
	To verify that the decompressor is not impacted by the missing of several consecutive packet losses, i.e. no particular NACK message are generated by the decompressor and the packets following the consecutive missing packets are successfully decompressed.


If the proposals (or some of them) are discussed and agreed in RAN2, Orange will provide the corresponding change requests for PDCP specification from Release 5 onwards.
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