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1 Introduction
Non-compound RTCP was proposed in the 3GPP SA4#42 meeting, ‎[1], and some concerns were raised. This contribution answers the raised concerns. To further clarify the functionality, a few use cases are also included.

Non-compound RTCP is described in ‎[2].
2 Issues brought up in SA4#42 MTSI ad-hoc
The following concerns were raised during the MTSI ad-hoc meeting:
· How will end-points and middle-boxes react to these non-standard RTCP packets?
· Since non-compound RTCP packets breaks the rules for RTCP packets outlined in RFC 3550, ‎[4], some companies were uncomfortable adopting a solution that had not been discussed in the IETF.
More results showing the performance gain were also requested.

2.1 Middle-boxes

Middle-boxes (NATs, firewalls, routers, packet filters, gateways, etc…), especially those which have the purpose of blocking unrecognized packets, must be inherently resilient to unknown packet types. These middle-boxes cannot be allowed to crash for any kind of unknown packet content since there would otherwise be a large risk that the network would render unprotected to subsequent attacks.

The worst thing that may happen is that middle-boxes block the sending of non-compound RTCP packets if they do not understand the content. In this case, the solution for non-compound RTCP includes two mechanisms to maintain the adaptation functionality even if non-compound RTCP packets would be unusable:
1. The support for non-compound RTCP packets is negotiated during session setup by use of an SDP attribute. Any middle-box that does not support this feature may remove the attribute from the SDP, which will lead to using normal (compound) RTCP packets.

2. If the end-points anyway conclude that non-compound RTCP packets are possible, and if such packets would be blocked by a middle-box, then a fall-back to regular (compound) RTCP packets would occur since it is the responsibility of the sender of the non-compound RTCP packets to verify that this works.

Hence, the solution provides double fail-safe mechanisms against networks that do not support non-compound RTCP packets.
NATs, firewalls and other middle-boxes will still work, even if they do not support non-compound RTCP packets. Such functions or units may discard non-compound RTCP packets but, since the proposed solution includes a requirement on implicit verification of successful transmission, this will only trigger a fall-back to regular compound RTCP packets.
2.2 Discussions at IETF-68 AVT session

The proposal for non-compound RTCP packets was presented and discussed during the AVT session at the 68th IETF meeting in March 18-23, 2007. The following bullets outline the discussion:
· Another non-3GPP related use case would be desirable.

· It was commented that non-compound RTCP packets would be beneficial in combinations with small RTP packets and TCP Friendly Rate control (TFRC), ‎[6], where the RTCP bandwidth could otherwise become larger than the RTP bandwidth.
· No issues with middle-boxes were raised during the discussion.
· The draft was non-controversial.

· The time is right to open up for this possibility, i.e. to investigate the use and the flexibility of feedback reports in RTP traffic.

Non-compound RTCP will most likely become a work item in the AVT group in a very near future, probably already at the next IETF meeting (July 22-27).
The discussion was in general quite positive to the proposal. No further issues were raised during the discussions. No one brought up any issues with middle-boxes, which is an indication that middle-boxes are no problem.
2.3 Performance results
The performance for compound and non-compound RTCP has been evaluated.
2.3.1 Simulation conditions
System simulations were performed for a HSPA system for the following RTP and RTCP combinations
Table 1. Simulated conditions
	1
	AMR122, compound RTCP
	RLC PDU size = 288 bits

1 compound RTCP packet  3 RLC PDUs

53 RLC PDUs per second

	2
	AMR122, non-compound RTCP


	RLC PDU size = 288 bits

1 non-compound RTCP packet ( 1 RLC PDU (including padding up to 288 bits) 
51 RLC PDUs per second

	3
	AMR59, compound RTCP


	RLC PDU size = 160 bits

1 compound RTCP packet ( 6 RLC PDUs

56 RLC PDUs per second

	4
	AMR59, non-compound RTCP


	RLC PDU size = 160 bits

1 non-compound RTCP packet ( 1 RLC PDU

51 RLC PDUs per second


The simulation settings were:
· Speech traffic model:

· 50% speech activity, exponentially distributed speech bursts and silence periods

· Average length of speech bursts and silence periods was 4 seconds
· Session length was 60 seconds

· 1 speech frame in each RTP packet ( 50 VoIP packets per second

· RTCP interval = 1 second

· No SID frames were transmitted

· Users are randomly created in the whole network
· Network and channel model

· Typical urban

· UE speed 1 m/s

· Site-to-site distance 1500 m

· RTP and RTCP packet sizes

· ROHC compressed IP, UDP and RTP headers to 3 bytes
· AMR122 ( 35 bytes

· AMR59 ( 19 bytes

· Bandwidth-efficient payload format

· Compound RTCP ( 104 bytes

· Non-compound RTCP ( 19 bytes

· No SIP signaling

· No interactive background traffic

· RLC

· Un-acked mode

· RLC PDU sizes optimized for AMR122 and AMR59 respectively, i.e. 288 and 160 bits

· RTP and RTCP packets are sent on the same radio bearer

· HSDPA

· 8 codes for HSDPA were reserved

· 4 HS-SCCHs ( max 4 users per TTI

· T1 timer 50 ms

· Max 5 HARQ transmission attempts

· EUL
· 10 ms TTI

· No scheduling

· T1 timer 50 ms

· Max 2 HARQ transmission attempts

· BLER target 10%

· Satisfaction criteria and capacity
· (PLR+LLR) < 2%

· Packets are discarded if the delay is larger than 150 ms
· The nominal cell capacity is defined as the load level when 95% of the users are satisfied

The first 60 seconds of the simulation was discarded to remove the period when the load is building up to the nominal level.
2.3.2 Results

The performance was evaluated for Enhanced Uplink (EUL) only. The figures show the average packet loss rate for RTP and RTCP packets respectively. The UEs are sorted first according to increasing RTP PLR and then according to increasing RTCP PLR. The performance for compound and non-compound RTCP are shown side-by-side to simplify the comparison.
All load levels are normalized according to the maximum capacity when AMR122 and compound RTCP is used.
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Figure 1. RTP and RTCP performance with compound RTCP
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Figure 2. RTP and RTCP performance with non-compound RTCP
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Figure 3. RTP and RTCP performance with compound RTCP
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Figure 4. RTP and RTCP performance with non-compound RTCP
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Figure 5. RTP and RTCP performance with compound RTCP
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Figure 6. RTP and RTCP performance with non-compound RTCP
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Figure 7. RTP and RTCP performance with compound RTCP
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Figure 8. RTP and RTCP performance with non-compound RTCP
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Figure 9. RTP and RTCP performance with compound RTCP
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Figure 10. RTP and RTCP performance with non-compound RTCP
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Figure 11. RTP and RTCP performance with compound RTCP
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Figure 12. RTP and RTCP performance with compound RTCP


Comments:
It would be natural to assume that the performance for non-compound RTCP packets should be the same as for the RTP packets, since they use the same RLC PDU size. RTCP packets are however transmitted also during silence periods. During these periods, the RTCP packets do not need to compete with the RTP packets for the transmission resources. RTCP thus have significantly better performance during inactive periods than during active periods. This reduces the average PLR and the per-UE results therefore often better for non-compound RTCP than for the PLR.
2.3.3 Conclusions
The main benefit with non-compound RTCP is that the performance, i.e. the PLR for RTCP packets, is significantly improved. There are two reasons for this:
· Only one RLC PDU needs to be properly received.
· Smaller RLC PDUs gives a coverage gain.
When compound RTCP is used, the RTCP performance is almost always significantly worse than the RTP performance. When non-compound RTCP is used, the RTCP performance is almost always better than for the RTP packets. Looking for example at Figure 3 one can see that the RTCP PLR is often as high as 10 - 20%, even for the cases where the RTP PLR is close to zeros. One can also see that for the users that have poor performance, 2-10% or worse, and when adaptation is really crucial in order to save the session, the RTCP performance is often very, very bad, up to 20 - 50%. This makes adaptation requests, which are sent with RTCP APP, unreliable when they are needed the most.
An additional benefit with non-compound RTCP is that the variance of the RTCP performance is also smaller than for compound RTCP. This adds predictability to the service. For compound RTCP, the performance is not very predictable since the huge variance gives uncertain behavior, sometimes it will work sometimes not. For non-compound RTCP, one can be fairly sure that the adaptation requests will be received with a likelihood that is at least as good as the PLR for the RTP packets.
The simulations in this study were made for quite constant conditions. The load level, for each condition, was constant and the users moved with only 1 m/s. By considering the series of figures for each condition, for example Figure 1 - Figure 3 - Figure 5, one can draw at least some conclusions about how the performance will vary for dynamic conditions. For both AMR122 and AMR59, when compound RTCP is used, one can see that the behavior between “just below the capacity limit” and “just above the capacity limit” is quite different. The differences are much smaller when non-compound RTCP is used.
3 Use cases
The proposal for non-compound RTCP is a backwards compatible extension to the standard RTCP functionality to improve the performance for wireless links. The backwards compatibility is described below with a few use cases.

3.1 3GPP domain sessions with release 7 compliant terminals
3.1.1 Assumptions

In this use case, both end-points (UE A and UE B) and all network nodes support non-compound RTCP packets. Either one of the end-points may be a media gateway.
3.1.2 Session setup

UE A sends an SDP offer where support for non-compound RTCP is declared. One possible SDP example is outlined in Table 2. The support for non-compound RTCP is declared with the ‘ncp’ parameter in the ‘rtcp-fb’ attribute line.
Table 2. Example SDP including support for non-compound RTCP

	SDP offer

	b=AS:30

m=audio 49152 RTP/AVPF 97 98

b=AS:30

b=RS:1500
b=RR:1500
a=rtpmap:97 AMR/8000/1

a=rtcp-fb:* trr-int 10000; ncp

a=fmtp:97 mode-change-capability=2; max-red=160

a=rtpmap:98 AMR/8000/1

a=fmtp:98 mode-change-capability=2; max-red=160; octet-align=1

a=ptime:20

a=maxptime:240


Since the other end-point supports non-compound RTCP it will respond with a similar SDP answer.
3.1.3 Media transfer phase

During the media transfer phase, non-compound RTCP packets will be used to send adaptation requests in RTCP APP messages, for example to requests adapting to another codec mode rate or to change the frame aggregation. An example of how the usage of non-compound RTCP packets is shown below:

3. Both UEs monitors the performance of the RTP streams continuously.

4. One UE, for example UE A, detects that the performance is not sufficient, typically that the packet loss rate is too high. UE A then decides that the session needs to be modified.
5. UE A sends an adaptation request in an RTCP APP packet to UE B using non-compound RTCP.

· Both UEs will still send regular compound RTCP packets, containing sender/receiver reports and SDES, but with reduced frequency. The minimum interval between regular compound RTCP packets is defined by the trr-int parameter.
6. UE B receives the adaptation request and modifies the session accordingly.

7. UE A monitors the received RTP flow and detects that the request has been followed.

This example shows a successful usage of non-compound RTCP.
3.2 3GPP release 7 terminals when a middle-box discards non-compound RTCP packets

3.2.1 Assumptions

Both end-points (UE A and UE B) support non-compound RTCP packets but at least one middle-box does not.
3.2.2 Session setup

The SDP offer is the same as in Section ‎3.1.2. The middle-box may or may not remove the ncp attribute in the SDP offer and/or the SDP answer.

3.2.3 Media transfer phase

When detecting that the performance of the received RTP stream is not sufficient the following will happen:

8. The UE, for example UE A, decides that the session needs to be modified.

9. UE A sends an adaptation request in an RTCP APP packet to UE B using a non-compound RTCP message.

10. The middle-box discards the non-compound RTCP message.

11. UE B will not receive the adaptation request and will thus not modify the session.

12. UE A monitors the received RTP flow and detects no change. It will thereby conclude that the request failed.
13. UE A tries sending the non-compound RTCP message a few times. If they all fail then UE A concludes that there is some function in the path that drops the non-compound RTCP packets and falls back to send adaptation requests in regular compound RTCP messages.
The time required for step 6 depends on how much bandwidth that is allocated to RTCP and how many times the request is tested but given that 5% bandwidth for RTCP it should take in the order of 0.5 – 1 seconds.

3.3 3GPP release 7 terminal (( 3GPP release 6 terminal
3.3.1 Assumptions
The 3GPP release 7 terminal (UE A) supports non-compound RTCP. The 3GPP release 6 terminal (UE B) supports only the AVP profile and thus does not support non-compound RTCP.

3.3.2 Session setup

If UE A initiates the session then it will send an SDP offer similar to what is shown in Table 1. UE B will then probably reject the whole media type since it does not support the AVPF profile. UE A will then make a new attempt to initiate the session, this time with the AVP profile. Since non-compound RTCP is only defined for the AVPF profile, and not for the AVP profile, the second SDP offer will not include any proposal to use non-compound RTCP.
If UE B initiates the session then the SDP offer will propose to use the AVP profile. UE A will then respond with an SDP answer with the AVP profile and with no support for non-compound RTCP.

3.3.3 Media transfer phase

Non-compound RTCP will not be used.
3.4 3GPP release 7 terminal (( Non-3GPP terminal (generic Internet)
3.4.1 Assumptions
The 3GPP release 7 terminal (UE A) supports non-compound RTCP. The non-3GPP terminal (UE B) supports the AVPF profile but does not support non-compound RTCP.

3.4.2 Session setup

UE A will offer using the AVPF profile and non-compound RTCP. UE B will accept using the AVPF profile but the attribute declaring support for non-compound RTCP will be removed.
3.4.3 Media transfer phase

Non-compound RTCP will not be used.
3.4.4 Comments

If the non-3GPP terminal supports only the AVP profile then the session setup and media transfer phase will be identical to what is described in Section ‎3.3 and non-compound RTCP will not be used.
3.5 Summary of use cases
These use cases show that the functionality of non-compound RTCP is backwards compatible. It is also shown that the proposal includes double fail-safe mechanisms which will revert to using regular compound RTCP messages whenever non-compound RTCP messages fail.
4 Proposal
This document shows that all the issues that were raised against non-compound RTCP at the SA4#42 meeting have been addressed and resolved. We therefore propose to adopt the use of non-compound RTCP in 3GPP TS 26.114, ‎[5]. The detailed changes are shown in ‎[7].
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