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1. Introduction

At the recent RAN plenary #26, ROHC performance was discussed. It was clear from the discussion that this is a serious concern to operators, and that the underlying reason for concern is the risk of badly performing ROHC UE implementations entering the market. 

Hence, the ongoing discussion in RAN2 regarding ROHC control and parameter signaling [1]
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 \* MERGEFORMAT [2] should be seen in this light: the underlying aim that will truly satisfy operator needs, is to make sure that all UEs with 3GPP-compliant ROHC implementations perform adequately and do not cause adverse effects on cell capacity by for example not compressing headers to a sufficient extent. 

The ROHC standard RFC3095 already ensures robustness and UE-network interoperability of the ROHC protocol. I.e., a compliant UE implementation will always function together with a compliant network implementation. Robustness and interoperability are thus not aspects to be further elaborated by RAN2. Standards are sufficient, and common IOT will take care of ensuring standards compliance and interoperability before products enter the market. 

However, RFC3095 has not been written with the aim to guarantee certain compression performance. As clarified in an example below, a compliant but badly implemented compressor may in principle generate large headers even though a good implementation would be able to compress header much more in the same situation. 

The reasoning when leaving performance aspects largely up to implementation is that it stimulates competition among protocol stack suppliers and allows performance to evolve over time without implying standardization changes. This approach is similar to radio performance aspects in RAN, such as receiver sensitivity. On the other hand, without a specified minimum performance level requirement, this approach leads to a risk that bad performing UE implementations enter operators’ networks, unless all operators put specific requirements on ROHC performance when purchasing terminals. 

It is a reasonable assumption that ‘bad or ‘lazy’ UE implementations will in practice be very rare, which was the reason why no specific action has been taken before to prevent their existence. Nevertheless, to address operators’ concern and design a solution which ensures a minimum performance level, we propose to introduce performance testing of ROHC. Below, we provide argumentation why this is the most feasible approach, and in a companion paper [5], we outline a performance testing approach. 

2. Controlling UE performance – methods available to 3GPP RAN

In cellular tradition, standards put tight requirements on UE implementations that affect basic behavior on radio protocol level. This is done essentially by means of two methods. 

2.1. Exact specification of UE behavior

For specifications such as the RLC protocol, the UE behavior is specified exactly in the 3GPP standard. Given certain stimuli from higher and lower layers and from the control plane, UE RLC behavior is fully predictable. Hence, performance between UEs shows little or no difference between compliant implementations, which prevents bad performing implementations to enter the market. Product differentiation in the implementation is restricted to aspects like buffer memory management and power usage efficiency. When companies realize that performance could be improved, a standards process to change behavior is required (cfr TEI6 items related to RLC improvements).

2.2. Specification of performance requirement

For specifications of e.g. radio performance, instead of specifying exactly how transmitter and receiver should be designed, requirements are set on minimal performance in terms of receiver sensitivity and spectrum masks. Assuming that test cases are well chosen, this method guarantees a minimal performance of all compliant implementations. At the same time, there is no upper limit on performance: suppliers may introduce performance improvements without consulting 3GPP. 

3. Method to be used to control ROHC performance

Acknowledging operators’ concerns that minimal ROHC performance must be ensured, RAN2 may in principle choose between the two methods described in the chapter above. Below we analyse the applicability of those methods or ROHC. 

3.1. Exact specification of UE ROHC behavior 

The recent work done in RAN2 aimed to achieve a solution whereby ROHC behavior is specified through the signaling of key parameters [1]-[2]. As pointed out in [3], this approach is not compatible with the current RFC3095, for the following reason:

Some of the parameters mentioned in RFC3095 are only used to explain certain concepts as part of the description of state transitions and feedback logic. The concepts of states and state transitions in RFC3095 have been introduced to provide examples and guidelines on how the different packet types and feedback types can be used. Implementations are in no way mandated nor constrained to implement states and state transition logic in the manner suggested by RFC3095. Based on this to specify values for these "parameters" can at worst be entirely ignored by a UE implementation and be without effect, and at best it can be a recommendation that implementers may or may not follow. The same applies to feedback logic. 

Some companies have responded to this by saying that if 3GPP mandates the use of certain example algorithms in RFC3095 and their associated example parameters, then ROHC behavior will be exactly specified and performance will be guaranteed. As the following example shows, this is not correct. 

3.1.1 Example state parameters will not help ensuring performance

As an example, it has been proposed that the state-related parameters UPWARD_TRANSITION_INTERVAL_TO_FO and UPWARD_TRANSITION_INTERVAL_TO_SO be signaled.  Looking a little closer to states (IR, FO and SO) from RFC3095, it is understood that the conceptual meaning of each of these is as follows:

· IR - The static information of the header must be established in the context;

· FO - The static information is established. Semi-static information must be conveyed or functions with respect to the RTP SN must be established for dynamic fields; 

· SO - The static information is established. The functions to the RTP SN for dynamic fields are established; only RTP SN changes need to be conveyed.

Noting also the following, regarding ROHC RTP packet types:

· Packet types - from the smallest to the largest in size:  PT-0, PT-1, PT-2, IR-DYN, IR;

· Large IR packets can be sent and decompressed properly in any state: they carry both static and dynamic information;

· PT-1 (R-1*, UO-1*), PT-2 (UOR-2*) and IR-DYN carry dynamic information and can be used to updated functions of dynamic fields with respect to the RTP SN; 

· PT-0 (UO-0, R-0*) only carry changes to the RTP SN.

As a result of the above, it is understood that:

· IR state forbids the use of PT-0/1/2 and IR-DYN

· FO state forbids the use of PT-0 only

· SO state allow any packet type to be used

In other words, states in RFC3095 are used to conceptually group a number of packet types together, to express in a concise manner restrictions on the usage of the different subsets. Their purpose is not to define what packet type should be sent, but which one(s) should not be sent. This means that for each state:

· SO state: any of PT-0/1/2, IR-DYN and IR can be used;

· FO state: any of PT-1/2, IR-DYN and IR can be used;

· IR state: only IR can be used.

More specifically, consider the following proposed parameters:

· UPWARD_TRANSITION_INTERVAL_TO_FO: Number of consecutive packets triggering state transition from IR to F0.

· UPWARD_TRANSITION_INTERVAL_TO_SO: Number of consecutive packets triggering state transition from F0 to S0.

Assuming that a compressor implementation is mandated to use these states and parameters, triggering a transition from IR to FO state does not mean that the compressor will not continue, for example, to send larger IR packets interspersed with UOR-2 packets to improve robustness. The same applies for the SO state, under which a compressor may very well intersperse larger packets (IRs, IR-DYNs or UOR-2) through the flow of PT-0 packets. 

In conclusion, signaling these parameters is likely to have a void effect: they do not have a significant impact in the selection of the compressed packet type, as these relate to a restriction in a subset of possible packet types where the largest packet is always a suitable candidate. Hence, while possibly increasing UE predictability to some extent, signaling of the proposed parameters would by no means imply any kind of guarantee against bad performance. The method thus fails to address operators’ concerns.

To specify exactly the behavior of a ROHC implementation, a major re-specification of RFC3095 would be needed, with the associated cooperation between IETF and 3GPP. This is foreseen to take substantial time. Apart from the major effort from companies that this would require, it also means that for pure timing reasons, the re-specified ROHC would certainly not be a candidate for inclusion in 3GPP R5. 

3.2. Specification of ROHC performance requirements

To address concerns about bad-behaving ROHC implementations, the other method would be to define ROHC compressor performance requirements. The purpose of such requirements would be to, for well defined test cases, ensure that all conformant compressor implementations actually implement active ROHC compression, meaning that the compression performance can indeed be very predictable, without preventing ROHC implementers from doing additional optimizations and fine tuning.

Tests could be defined based on a set of different applications, but the ambition should be to only create a VoIP test case in a first phase. Note that performance requirements only apply to the ROHC compressor, while we currently believe that IOT is sufficient for the decompressor (i.e., it is our opinion that the decompressor behavior has limited impact on performance, as long as the implementation follows RFC3095). 

The compressor test setup would on the input side require a well-defined input packet stream, as well as "artificial" feedback messages that would trigger ROHC error-recapitulation, and the output would be a header-compressed packet stream where the ROHC compression performance can be measured, in average header size or total header overhead for the specific packet stream. A 3GPP-comformant ROHC compressor would then have to go below a specified max size for the compressed header overhead.

In the companion paper [5] we elaborate on a test setup for ROHC. Our analysis shows that this path is feasible and appears to require limited effort from companies. Further this method does not change anything in the actual RFC3095, which means that emerging implementations can still be used. This in turn means a rather smooth introduction in 3GPP R5, since all ‘normal’ ROHC implementations would fulfill the performance requirements and thus still comply to R5 even after the introduction of the performance requirements and testing. 

4. Proposal

As explained above, Ericsson sees the following ways forward on this matter:

A. Introduce parameters into RAN2 specifications and also introduce mandatory requirements on a 3GPP compliant ROHC implementation in the form of new specification of algorithms, compressor/de-compressor behavior etc.

B. Introduce ROHC performance requirements and tests that a 3GPP compliant ROHC compressor implementation must fulfill

Option A would require a large effort with combined expertise from mainly the non-3GPP group in IETF working with ROHC in order to provide RAN2 with suitable input and text compatible with the relevant parts of RFC3095 in order to make everything viable as requirements to an implementation.

Solution B would be to introduce test cases into T1 specifications with help from RAN2 protocol knowledge to make sure that inefficient implementations of ROHC are not allowed to be 3GPP-compliant ROHC implementations. 

In the view of Ericsson, solution B would yield a better result than A when in terms of addressing operator concerns and at the same time not preventing very good implementations with a performance that can improve further over time. It is proposed that RAN2 decides on B as a working assumption, and explores this method further, based on paper [5].
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