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1. Introduction

IMS is considered to be crucial for the development of multimedia-based 3G networks. In order to make the deployment of IP based multimedia services economically viable in a 3G environment, it is necessary to ensure that the Radio Access Bearers used to support these services are highly optimised. Non-optimised RABs are already defined in 3GPP Rel5. These RABs need to be optimised, in order to ensure a commercially viable deployment of IMS services. 

In general, IMS offers one or combinations of, Real Time and Non Real Time Services e.g. Gaming, Voice, Video streaming, Audio Streaming, Instant Messaging, Chat, Web browsing etc. 

In order to support these services IMS requires one or combinations of the following RABs towards the PS domain:

         -    Conversational PS RABs for Voice & Video Services

         -    Streaming PS RABs for PS Streaming Services

         -    Interactive/Background PS RABs for Data Services

         -    Signalling RABs for SIP

While, it can be argued that IMS can make use of most of the Interactive/Background PS RABs and Streaming PS RABs, which have already been optimised and defined for R99/Rel4/Rel5, it is clear that the Conversational PS RABs and the Signalling RABs for SIP already defined for IMS needs to be optimised. Optimisation of SIP signalling RAB is being studied separately and is not addressed in detail by this proposal. 

Optimisation of Conversational PS RAB requires the following issues to be addressed:

         -    ROHC Handling

         -    RTCP Handling

         -    Rate Control to allow narrowband AMR codec mode

         -    Unequal Error Protection

The intent of this contribution is to address ROHC handling for IMS voice.

2. Significance of ROHC

The RTP/UDP/IP protocol stack introduces a huge overhead to the speech packets as shown below:     

· AMR 12.2 Kbps; Bandwidth Efficient Mode(BEM) of RTP Operation; 

	Field
	Size

	IPV6 Header
	40 Bytes

	UDP Header 
	8 Bytes

	RTP Header
	12 Bytes

	RTP Payload Header + Table of Content
	10 Bits

	AMR Speech Data(IF1)
	244 Bits

	Padding
	2 Bits

	Maximum Packet Size
	92 Bytes

	Bit Rate 
	36.8 Kbps

	Packet Size during silence period
	67 Bytes


Note: No RTP packet is transmitted during “No Data” and further the contribution from RTCP is not considered.

· AMR 10.2 Kbps; Bandwidth Efficient Mode(BEM) of RTP Operation; 

	Field
	Size

	IPV6 Header
	40 Bytes

	UDP Header 
	8 Bytes

	RTP Header
	12 Bytes

	RTP Payload Header + Table of Content
	10 Bits

	AMR Speech Data(IF1)
	204 Bits

	Padding
	2 Bits

	Maximum Packet Size
	87 Bytes

	Bit Rate 
	34.8 Kbps

	Packet Size during silence period
	67 Bytes


Note: No RTP packet is transmitted during “No Data” and further the contribution from RTCP is not considered.

From the above analysis, it can be seen that the bandwidth/capacity requirement for IMS voice is about 300% of that of CS voice. Thus, there is clearly a need for reducing the packet overhead using ROHC, in order for a viable deployment of IMS voice.

3. ROHC Operation

3.1. ROHC States

The operations performed by compressor and de-compressor depend on their working state. The compressor can be in one of the following states:

· Initialization/Refresh (IR)

The compressor starts in the Initialization/Refresh state, in which it generally transmits both static and dynamic data without compression (IR packets), in order to initialize and refresh de-compressor context. In this state, the full RTP/UDP/IP header is transmitted. 

· First Order (FO)

The compressor generally sends data required to update both parameters used to infer dynamic data and some dynamic data, by means of IR-DYN packets. In this state, a medium level of compression is achieved and a reasonable amount of bandwidth is required.

· Second Order (SO)

The compressor sends only the RTP SN and a small context identifier. This is the highest compression state and minimum bandwidth is required.

All these states are applicable for IMS voice. Compressor starts in the IR state and gradually steps to higher compression states. The compressor tries to operate in the highest possible compression state, with the assumption that the de-compressor is able to correctly decompress a compressed header.

The de-compressor can also be in one of the following states:

· No Context (NC)

The de-compressor has, in this state not built static data yet and accepts only IR packets.

· Static Context (SC)

The de-compressor, in this state accepts only IR and IR-DYN packets, in order to update dynamic data. De-compressor get to such state only from Full Context state if decompression errors have occurred.

· Full Context (FC)

The de-compressor, in this state, accepts all kinds of packets. It’s the first state in which, the de-compressor moves after context update in “No Context” state.

All these states are applicable for IMS voice. In case of failure in the decompression process, the de-compressor first tries to recover the failure and if the failure persists, it steps backwards to the previous state.

3.2. ROHC Modes of Operation

Depending on the availability of a feedback channel and on the level of robustness required, three kinds of modes of operation can be defined:

· Unidirectional (U) Mode

In this mode of operation, the feedback channel is not required. Compressor sends a certain number of updating headers supposing “optimistically” their successful reception and then it steps towards the higher compression state. This mode of operation allows for bandwidth reduction in the reverse direction but in the forward direction, it may lead unnecessary transmission of IR and FO packets.

· Bidirectional Optimistic (O) Mode

A feedback channel is used in this state. The de-compressor sends back only NACKs in order to inform compressor about decompression failure. At the reception of NACK, the compressor transits to lower compression state.

· Bidirectional Reliable (R) Mode

A feedback channel is also used in this state. The de-compressor sends back both ACK and NACKs in order to inform compressor about decompression success and failure. At the reception of NACK, the compressor transits to lower compression state.

Compression always starts in the U mode and moves to any of the bi-directional modes. We propose to adopt ‘R’ mode after the initial U phase because R-mode is more reliable and more suitable for bad channel even if it could require a little bit more bandwidth respect to O-mode.

Concerning Compressor Logic, according to the guideline of bandwidth minimization, we propose during the implementation to remove the IR(FO transition both in U and R Mode.
3.3. ROHC Profiles

Based on uncompressed packet streams, different ROHC Profiles are defined. Each Profile tunes ROHC functionality in order to obtain the best header compression performance. 

The following ROHC profile is proposed for RTP flow:

· Profile 0x0001- RTP/UDP/IP compression

The ROHC profile to consider for RTCP if present is:

· Profile 0X0002 – Non RTP UDP/IP compression

3.4. ROHC Context

Compressed packet streams are labeled with the Context ID (CID), indicating which context the compressed packet corresponds to. 

One ROHC instance (compressor or de-compressor) is able to process one or more packet streams each of which is associated to a different context.

The optimal solution (i.e. less overhead) for CID identification of RTP and RTCP (if RTCP is present) context is the following:

· RTP shall use CID = 0 (0 bit used to encode CID, no Add-CID octet)

· RTCP shall use CID = 1 (Add-CID octet with CID in small space dimension range 0..15) if multiplexed with RTP and one ROHC instance used

· RTCP shall use CID = 0 (0 bit used to encode CID, no Add-CID octet) if not multiplexed with RTP, sent on a different RB and two different ROHC instances used. 

3.5. ROHC Feedback Channel

The ROHC feedback are considered to be piggy-backed or interspersed as specified in the section 5.2.1 option 6 of RFC 3095. We did this choice because low layers do not indicate any feedback and may reduce the per-feedback overhead, though there are options to multiplex with the reverse channel data or use a dedicated channel.

4. ROHC Packet Handling

4.1.  Initial Transient Management

The compressor and de-compressor try to achieve synchronization during the initial transition phase. Based on our study, this phase is expected to last about 350 ms depending upon the bearer bandwidth. The bandwidth demand on the radio bearer during the initial transient phase of the ROHC operation is high i.e. higher than the bandwidth needed to transmit uncompressed RTP/UDP/IP packets. During this transient phase the radio network should configure a bearer which is sufficient to handle the IR packets as well as the feedback information. The following two mechanisms are identified to provide this increased bandwidth demand during this initial phase:

· Channel Switching 

· Transmission of Void AMR Frame 

However, Channel switching is resource consuming considering that in order to satisfy the initial ROHC bandwidth demand peak bandwidth of about 39 kbps has to be allocated.

Void AMR frames transmission consists in substituting a number of the first AMR frames sent to RTP with dummy frames, containing the minimum payload content compliant to RTP Payload Format for AMR: 6 bit. This corresponds to a RTP payload of 2 bytes, 30 bytes less than speech payload (resulting in a 12 kbps bandwidth reduction). For doing so an unused Frame Type code within the RTP payload is chosen, say 12. Dummy frames are discarded at the receiving side, causing an initial “hole” in the speech signal. Optimal number of void AMR frames to fulfill the requirements on maximum tolerable speech delay depends on RB bandwidth. This solution is illustrated in the figure below:
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The optimum number of void AMR frame to send has been determined in order to have the minimal steady-state one-way delay of 150ms. The results are contained in the following table for the case of UDP Checksum enabled (IPv6). 

	Void AMR frame transmission performance

	RB bitrate (kbps)
	Optimum number of Void frames
	“Hole” duration

	16.4 
	18
	360 ms

	16
	21
	420 ms

	15.6
	22
	440 ms

	15.2
	23
	460 ms


It is obvious that if UDP checksum is not enabled (i.e. it can be throw away as in IPv4) the overhead is less and the Hole Duration is shorter. The results for this case are the following:

	Void AMR frame transmission performance

	RB bitrate (kbps)
	Optimum number of Void frames
	“Hole” duration

	16.4 
	16
	320 ms

	16
	17
	340 ms

	15.6
	18
	360 ms

	15.2
	21
	420 ms


Using Void AMR frame, in conjunction with Segmentation and Concatenation feature of RLC UM will require minimal (as required during steady state) bandwidth for transmission of IR packets during initial transition phase. Thus, the radio bearer bandwidth configured for IMS voice is driven by the bandwidth required during the steady state. Our study doesn’t see the need for sending IR packets at the middle of the session. 

Use of void AMR frame doesn’t require any changes to existing RAN specifications.

4.2. Steady State Handling

This phase refers to the state of compressor and de-compressor after the initial transition phase. 

In this phase it has to be managed only RTCP multiplexing with RTP, but there are not specific ROHC issues to be solved. The possible solutions to the RTCP transmission are described in other contributions that 3 is presenting to the 3GPP.

Regarding the possibility of de-synchronization it is high improbable in R-Mode. The only possibility that the compressor has to change state and pass to IR state, even if the context of decompressor is synchronized, is that happens a burst loss of packets (compressed packets and related ACK) more or less equal to:

- 64 consecutive packets if it is not possible to utilize the extension of ROHC packets

- 448 consecutive packets if it is possible to utilize the extension 0, 1 or 2 (this is recommended choice)

- 16320 consecutive packets if it is possible to utilize extension 3

It is clear that these three cases correspond to decreasing compression efficiency, i.e. ROHC packets that should be used to maintain the SN in the window are bigger and bigger, and increasing reliability.

So considering the recommended choice the synchronization is lost if we loose 448 consecutive packets that means at least (20ms X 448/2) = 4,48 second of consecutive lost packets that is not very probable. If we have so long burst of losses we think that the state change to IR is a minor problem that does not need any handling solution during steady State.

Regarding the required bandwidth over RTP/RTCP channel, when VAD is enabled, it is given in the following figure in which are clearly visible the peaks due to RTCP. As specified before the handling of RTCP and as a consequence of these peaks are handled in different contribution. It is important to say that a bandwidth of about 16 kbps is enough to manage steady state. 
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5. PDCP

Each PDCP entity manages all the packet flows related to a single RB, i.e. there is one PDCP entity per RB. Compressed ROHC packets constitute the PDCP-SDU.

PDCP entity can be configured by RRC to introduce no overhead at all. This is possible if one single HC algorithm, not needing packet type identification by lower layers, is used by the peer PDCP entities, and is done by configuring the PDCP entity to use the PDCP-No-Header-PDU format. This PDU format well suits ROHC as single HC algorithm. As IMS voice requires only one ROHC context and uses only one HC algorithm, it is proposed to have no PDCP header. 

6. Proposal

Based on the above discussion, it is proposed to agree on the following parameter set that could be used as the initial basis for RAB definition for IMS voice:

	ROHC Mode
	“U” and “R” Mode

	ROHC Profile for RTP
	0x0001

	ROHC Profile for RTCP
	0X0002

	Initial Transient Management
	Void AMR Frame

	PDCP Header Size
	0 Bytes  

	ROHC Mode in Steady State 
	R-Mode

	Compressor Logic
	IR(FO transition not recommended

	RLC Mode
	UM


Regarding the ROHC packet used in our study to obtain an optimal solution in terms of delay and bandwidth we started using the following set of packets.

	Packet type
	Header size without Add-CID
(bytes)
	Description

	IR
	61
	Initialization and Refresh packet formed by ROHC header and by the static and  dynamic chains of the RTP/UDP/IPv6 protocol stack

	DNY
	17
	Dynamic packet  formed by ROHC header and by the dynamic chains of RTP/UDP/IPv6 protocol stack

	UO-0
	1
	UO-0

	UO-1
	2
	UO-1

	UOR-2
	3
	UOR-2

	UOR-2 Ext 0
	4
	UOR-2 with Extension 0

	UOR-2 Ext 1
	5
	UOR-2 with Extension 1

	UOR-2 Ext 2
	6
	UOR-2 with Extension 2

	UOR-2 Ext 3
	5
	UOR-2 with Extension 3 only with ROHC Mode indication

	R0
	1
	R0

	R0-CRC
	2
	R0 with CRC

	R1
	2
	R1

	R1 Ext 0
	3
	R1 with Extension 0

	R1 Ext 1
	4
	R1 with Extension 1


The packet choice strategy should be a trade-off between overhead and reliability.

From the analysis of Transient and Steady State we can derive the conclusion that a bit rate of about 16 kbps should be enough to manage ROHC mechanism for 12.2 AMR IMS Voice call. 








































































































































































































































































































































































































































