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1 Introduction
In this contribution we address a real-life problem that was found to occur for all mobile phones (3G UEs) in uplink when rate adaptation is activated in UTRAN networks with AMR or AMR-WB.

2 Problem statement
We assume here familiarity with UTRAN CS voice architecture and protocols. We describe below the specific issue found in uplink (sending direction) for 3G voice calls.

In UTRAN, RFCIs are mapped to TFCIs at the radio level. TFCIs are set to 1 (‘enabled’) for the allowed set of bit rates and 0 (‘disabled’) for other bit rates.
In case of TrFO call, when the local CS-MGW receives a CMR from the remote site (in 2G AoIP) or a rate control request (in 3G), a rate control message is sent to the RNC which will then generate a max rate command for the UE. For instance, if AMR is used and bit rates up to 12.2 kbit/s are allowed, the CMR/rate control request may limit the rate to 7.4 kbit/s. In this case the max rate command will disable the TFCI corresponding to 12.2 kbit/s (assuming CS1 is used with rates 4.75, 5.9, 7.4, 12.2 kbit/s).

It has been observed that when such max rate command (reducing bit rate) is sent by RNC to UEs, a gap of 60-80 ms of audio occurs in the uplink. This gap seems to be related to the interaction between L2 (radio) and L3 (chipset) modules.
It seems that 3G UEs typically use a buffer of coded frames at L2/L3 level and the buffer length is around 60-80 ms. Even if codec mode switching may be almost immediate after receiving the max rate command te, it takes therefore some time before the current buffer gets flushed.

On the other hand, the radio in the UE seems to execute immediately the max rate command from RNC, by applying ‘gating’. Hence the audio frames encoded at a higher rates, e.g. 12.2 kbit/s, than allowed by the max rare command are immediately gated (discarded), until the bit rate corresponding to the max rate command gets really ‘propagated’, e.g. at 7.4 kbit/s.

Investigations showed that the radio side in the network may allow receiving frames coded at a higher rate (e.g. 12.2 kbit/s), even after the RNC has disabled ‘higher’ TFCIs to limit rate (e.g. at 7.4 kbit/s); this implies that the network is not likely to cause issues if the gating observed in UEs is not present. 

Note 1: The problem is described above in context of received remote rate control request, but it is also present if RNC is locally doing rate control on UE link based on radio measurements.

Note 2: There is no problem when the bit rate is requested to be increased (for example from 7.4 kbit/s to 12.2 kbit/s, because in that case TFCI 12.2 kbit/s gets enabled, with 7.4 kbit/s still enabled. So the UE continues to send during 60-80 ms audio frames at 7.4 kbit/s, during the full internal UE process to switch to 12.2 kbit/s.
3 Potential solution
The problem reported in this contribution may be solved by allowing some time before UEs apply gating at the radio level. In other words, the radio (L2) in the UE may also 60-80 ms before executing the max rate limitation. 
This solution may require 3GPP SA4 to liaise with RAN groups to fix the problem.
Additional remarks:

· This problem is of course not present if multirate operation is not allowed in 3G; however this work-around may imply to perform transcoding in the network (for instance between 3G and 2G) which is not desirable.

· The above fix cannot address terminals that are already deployed and than can not be upgraded by software.
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