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The Rate Control Procedure in UMTS is not precisely enough defined to guarantee 100% compatibility in TrFO connections. TFO and TrFO_Break scenarios are not fully considered.

Therefore the following proposals are made:

1) Specify "Maximum Rate Control" with "Distributed Rate Decision" in TS 25.415.
    This is all what is necessary to combat channel capacity fluctuations. It is simple and
    precise and it is perfectly in line with the AMR Rate Control procedure in GSM.
    It is in line with the current approach in IU UP, but specifies the procedure more precisely.

2) Enhance the Rate Control Procedure by mandating an Acknowledgement.
    This allows error handling for lost or corrupted Rate Control Commands.

3) Extent the Acknowledgement with the Rate Control information
   This allows to get the fastest possible update of the overall channel capacity situation in
   case of  RNC relocation and other TrFO_Break scenarios.

1.
Introduction

Figures 1 and 2 recall the principle architectures for TrFO-Connections in UMTS (UE-to-UE) and TFO-Connections between UMTS and GSM (UE-to-MS). 

Both MGWs in figure 1 are most of the time "transparent" to the user data, i.e. they act more or less as "routers". They need only to become active, when supplementary services are needed, or when a RNC relocation is to be performed. All these events are summarised under "TrFO-Break". Since these MGWs are typically not permanently monitoring the ongoing traffic and control flow, they may not have the full picture of the Rate Control setting in the moment of TrFO-Break.

The "left" MGW in figure 2 (more precisely: the whole left side) shall behave identical to the corresponding one in figure 1. It shall see no difference between both call scenarios. The right MGW, the one "at the edge", hosts the Transcoder (TC) to the world outside UMTS, in this example to GSM. GSM stands here as an example to all external networks that could run the TFO Protocol and that provide the corresponding Codec Types.

This paper handles the Rate Control Aspects for UMTS, on the example of the AMR Codec Type, but with the goal of a service independent procedure. The RNC:s are seen as the "masters" of the Rate Control in both directions, uplink and downlink.
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Figure 1: Functional Entities for Handling of Transcoder Free Operation in UMTS
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Figure 2: TrFO – TFO Call between UMTS and GSM

The Rate Control Commands are exchanged inband (exception is UU), i.e. on the same interfaces as the user data. This is the fastest way.

As can be seen in figures 1 and especially in figure 2 the rate control commands must cross various interfaces (IU, CN bearer, TFO link, Abis, air interfaces) until they reach the data source (i.e. the speech encoders). 
The mechanisms on these interface need to be compatible.
2. 
Maximum Rate Control with Distributed Decision

Figures 3a and 3b illustrate how this proposed Maximum Rate Control works. Lets assume an example RAB assignment with RFCI-Initialisation for AMR with:
No-Data (RFCI=0), SID (RFCI=1) and four speech modes (RFCIs = 2, 3, 4, 5). 

The RFCIs shall be ordered according to bit rates, which is equivalent here with an ordering according to SDU sizes. (Note: the actual RFCI values are not important, but the ordering is.)

Now lets consider the Rate Control for one direction of user data (from right to left):
The RNC1 estimates the downlink channel capacity (RNC1 to UE1) and sends a Rate Control Command in the reverse direction, indicating the maximum rate that this downlink can support (without too much errors or too much interference to others). This is coded in the RFCI domain, in this example with MaxDL1 = 4. The RNC2 has meanwhile estimated the channel capacity of its uplink direction (UE2 to RNC2), in this example with MaxUL2 = 3. Proposal: RNC2 shall take the minimum of both channel capacities (Min (4, 3) = 3) and shall send this further on to UE2 (find the maximum rate in a distributed decision).
UE2 from that point on encodes the speech signal with the corresponding codec mode and send IU packages with RFCI=3 until a new rate control command is received.
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Figure 3a: Illustration of Maximum Rate Control with Distributed Decision, example 1 

Some time later the picture has changed, see figure 3b. Now DL1 is in a bad situation, while UL2 has substantially improved. Again the minimum of both channel capacities decides which rate to use.
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Figure 3b: Illustration of Maximum Rate Control with Distributed Decision, example 2

A similar, but independent Rate Control Procedure is at the same time ongoing for the other direction. It typically ends up in a different rate in this other direction. This is not shown here.

The coding of the Rate Control Command is done with the bit vector as defined in TS 25.415

(three examples given in the following table):

No_Data
SID
Speech_1
Speech_2
Speech_3
Speech_4
Rate = Mode

0
1
2
3
4
5
RFCI-value

1
1
1
1
0
0
Bitvector for Max=3

1
1
1
0
0
0
Bitvector for Max=2

1
1
1
1
1
1
Bitvector for Max=5

It is now proposed that never a lower mode shall be disabled (set to "0") in the bit vector when at the same time a higher mode is enabled (set to "1"), i.e. no "puncturing out" of modes in the middle, i.e. the remaining subset shall always be contiguous.

It is obvious that the lowest speech mode (in this example with RFCI=2) can not be disabled.

In RANAP that is signalled by the MSC to the RNC by the "Minimum Guaranteed Bit Rate".

It is further proposed that a rate command shall not include or exclude more than one rate at a time, i.e. go only one step up or one step down.

This is proposed in order to stabilise the rate control finding. This is important, because the service shares resources (radio and network) with many other services. Jumps in the applied rates will tent to destabilise the overall behaviour.

Please note that no assumptions were made on the rates itself, except that they can be rank ordered. That Rate Control should therefore be service independent and should lead always to the desired result, i.e. find the optimal rate setting for the data source for the given scenario.

This Maximum Rate Control  is fully compatible with the Rate Control for AMR in GSM (important for TFO). Please note that in GSM this bit vector does not exist, but only the maximum rate itself can be transmitted, and also this only relative to the initialised ACS = RFCI_set.

3. 
Rate Control Acknowledgement

Consider a scenario as in figure 3b: Rate 2 is actually used, because RNC1 did command so. Now, some time later, RNC 1 detects an improved situation on its downlink and sends a Rate Control Command with MaxDL1=3, but - unfortunately - this Rate Control Command is lost on the way. What happens: RNC2 still believes in problems in DL1 and stays with Max=2. Both RNCs do not see the error and stay "forever" in this too low rate.

Proposal: Introduce a Rate Control Acknowledgement (RC_ACK / RC_NACK). 
If no RC_ACK is received in time, or a RC_NACK is received, the RC shall be repeated.

The typical (99%) case would be to send an RC, get an RC_ACK and be finished.

Note: The Rate Control Command uses PDU Type 14 and has a typical size of 6 octets.

The Rate Control Acknowledgement would also uses PDU Type 14 and would have a typical size of 4 octets.

4. 
Extend Acknowledgement with Rate Information

Consider a RNC Relocation (RNC1 to RNC1´). 

The Rate Control situation is unknown to RNC1´. Also MGW1 has no full picture, because it had no permanent monitoring in the path (cost efficiency). But RNC1´ must get the correct setting as soon as possible. 

But: since now a new RNC is handling the call, the channel capacity situation in the new cell is in general completely different, both in uplink and in downlink. Typically RNC1´ should start in uplink and downlink carefully with a robust mode (low rate), because it can not trust the channel capacity without observing it for some time. RNC1´ should immediately send a Rate Control Command to its UE1 (for uplink) and the distant RNC2 (for downlink). The distant RNC2 sends the RC_ACK back and adapts its uplink accordingly.

Proposal: Extend the Rate Control Acknowledgement with the Rate Control information.

Note: The Rate Control Acknowledgement would extent to a typical size of 6 octets.

By this the new RNC1´ gets the necessary information from its distant partner, which is the best possible source for this information. After a short while of observing the new cell in both directions the rate control will stabilise carefully "from bottom up" to the optimal rates.

5. 
Other Rate Control scenarios in TrFO Break

Consider another TrFO_Break situation, where a MGW (MGW1 or MGW2 or a third one in the middle of the path) has to access the payload, either for reading or sending.

Reading and decoding is not a problem, since the RFCI-Initialisation is stored and each frame contains always the corresponding RFCI.

Sending of coded speech is more difficult, since the MGW does not know the Rate Control Situation. But it can observe the RFCI values of the packets coming in the same direction (which are to be replaced) and can always use the same RFCI for its own encoding. As soon as one Rate Control Command is exchanged by one or the other RNC the MGW gets the full picture, by the RC for one direction and the ACK for the other direction.

6. Conclusion

The Rate Control specification in TS 5.415 needs modifications and corrections for Rel 4. The proposals made will simplify the rate control, make it TFO compatible and define it precisely.
TrFO Break scenarios are manageable with this newly proposed rate control procedures.

- end -
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