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	1rst Change


6
Selected example-scenarios for SRVCC

>>>>>>>> snip <<<<<<<

In all following scenarios a Voice call is setup and in operation, with an LTE RAN on the local side, as shown in Figure 4-1. Local side means: the side, where the SRVCC is executed. For simplicity of the discussion it is assumed than no other session to this local 4G UE is setup. The local 4G UE indicated support for SRVCC and the IMS Core has inserted an ATCF/ATGW pair as local Anchor of the call. The call setup negotiation ended in the IMS Selected Codec as assumed in each scenario. The local 4G UE is assumed to support all currently standardized 3GPP Codecs in 2G and 3G and 4G and in future also EVS and EVSoCS.
	2nd Change


6.1
SRVCC AMR(...) to AMR(...)

The IMS Selected Codec is in this example AMR(...), with different possible mode-sets. There are more than 50 AMR Configurations thinkable, only few of them have real life relevance and only one of these is recommended for all 3GPP networks: mode-set=0,2,4,7. Operators have the choice to influence the AMR Configuration in the IMS Core. Inter-Operator calls should be considered in this choice, as well as subsequent SRVCC to CS networks and subsubsequent Intra-CS Handovers.
The LTE Used Codec is here also AMR(...), typically with the same Configuration as for the IMS Selected Codec. In fact there is no obvious reason, why the configurations should be different; in principle it is possible. The LTE Used Codec will discontinue existing due to SRVCC; remaining is the IMS Selected Codec. If there would be a difference between LTE Used Codec and IMS Selected Codec and transcoding would exist in the ATGW, then this would be irrelevant after SRVCC. It is assumed here that the LTE Used Codec and the IMS Selected Codec use the same AMR Configuration.
The Remote Used Codec depends strongly on the remote access characteristics. 
It may be another LTE access with AMR(...) and the call could be end-to-end in TrFO, as long as all Configurations along the voice path are TrFO-compatible. The remote end may be GERAN AoIP with FR_AMR(0,2,4,7) or UTRAN with UMTS_AMR2(0,2,4,7). In these cases the call is end-to-end TrFO, if mode-set=0,2,4,7 is also used by the other Codecs. This should be the case in the majority of such call scenarios.
The remote end may be UTRAN with UMTS_AMR2(0,2,5,7) or UMTS_AMR2(7). In such a case it might be considered to insert a Transcoder at the remote end and select AMR(0,2,4,7) anyway as IMS Selected Codec.
The remote end may be PSTN/ISDN with transcoding between AMR(...) and G.711 in a MGW at the IMS-borderline.
The remote end may also be connected via a Next Generation IMS Network (NGN) with a narrowband terminal.

The remote end determines to a large extend the IMS Selected Codec, if we assume that the local 4G UE and the IMS network are capable of all mandated and recommended 3GPP Codecs: AMR(...), AMR-WB(...) and EVS(...)  including EVS-IO(...). 
Also the voice path between the shown IMS Core and the remote end has substantial influence, especially, if the call crosses network boundaries. These questions are, however, not discussed in this Technical Report.
Important in this scenario for SRVCC is that the IMS Selected Codec is fixed to AMR(...) in the ATGW.

In the ideal case IMS Selected Codec, CS PS Codec and Target RAN Codec are TrFO-compatible and the call continues after SRVCC without Transcoding. Recommended case: AMR(0,2,4,7), or subsets, everywhere:

	Target RAN Codec
	TrFO ?
	CS PS Codec
	TrFO?
	IMS Selected Codec

	UMTS_AMR2 (0,2,4,7)
	yes
	AMR (0,2,4,7)
	yes
	AMR (0,2,4,7)

	FR_AMR          (0,2,4,7)
	yes
	AMR (0,2,4,7)
	yes
	AMR (0,2,4,7)

	HR_AMR         (0,2,4)
	yes
	AMR (0,2,4,7)
	yes
	AMR (0,2,4,7)

	UMTS_AMR2 (0,2) 

	yes
	AMR (0,2,4,7)
	yes
	AMR (0,2,4,7)



Although the call continues in all these cases without Transcoding, the maximum bit rate may be very different, depending on the load situation in the Target RAN.The effects of these differences are discussed in chapter 9.
In the worst case two transcoding stages need to be inserted, like: 

	Target RAN Codec
	TrFO ?
	CS PS Codec
	TrFO?
	IMS Selected Codec

	UMTS_AMR2 (7)
	no
	G.711
	no
	AMR ()



A reason for selecting G.711 as CS PS Codec in the ATCF/ATGW might be a load reduction or “equal load sharing” between Target MGW and ATGW, because the G.711 is a low cost Codec. In any case it would be a bad choice to use AMR() or AMR(0,1,2,3,4,5,6,7) as IMS Selected Codec, as this is not TrFO-compatible to any CS network.
	3rd Change


6.2
SRVCC AMR(...) to AMR-WB(...)

As in scenario 6.1 the IMS Selected Codec is in this example AMR(...), let’s assume it is AMR(0,2,4,7) the recommended Codec.

As decribed in chapter 5.1 the SRVCC MSC determines the Target RAN Codec based on the received UE-SCL and the known Target RAN Capabilities without knowledge about the IMS Selected Codec. The MSC takes the best possible Codec and Configuration, as locally preferred (set by the operator) for the Target RAN, given the received UE-SCL. 
If the Target RAN is updated to FR_AMR-WB(0,1,2) and/or UMTS_AMR-WB(0,1,2), but not to even better Codecs, then one of these will be seletced by the SRVCC MSC as Target RAN Codec and the Target RAN leg will be prepared. In SIP Invite towards the ATCF this Codec will be listed as AMR-WB(0,1,2). 

The SRVCC MSC will send the SIP Invite to the ATCF, with the MSC-PCL containing the AMR-WB(0,1,2) on first place, followed by other Codecs, see chapter 5.1. 
The ATCF has no other possibility than to insert Transcoding between Target RAN Codec and IMS Selected Codec; the only freedom left is, where to place the transcoding.

From call setup it is obvious that the remote end does not support a WB Codec, because otherwise AMR-WB would have been the IMS Selected Codec.
Therefore it is not reasonable trying to re-negotiate the IMS Selected Codec with the remote end.

The ATCF could select the AMR-WB(0,1,2) as CS PS Codec, taking the burden of Transcoding fully into the ATGW.
The ATCF could select the AMR(0,2,4,7) as CS PS Codec, shifting the burden of Transcoding fully into the Target MGW. 
The third choice, for completeness, if offered by the MSC, would be to select an “intermediate” Codec as CS PS Codec, such as G.711 or G.722 or “lin.PCM128”, with 8 kHz sampling and 16 bit “linear” resolution == 128 kbps.
	Target RAN Codec
	TrFO ?
	CS PS Codec
	TrFO?
	IMS Selected Codec

	AMR-WB (0,1,2)
	yes
	AMR-WB (0,1,2)
	no
	AMR (0,2,4,7)

	AMR-WB (0,1,2)
	no
	AMR (0,2,4,7)
	yes
	AMR (0,2,4,7)

	AMR-WB (0,1,2)
	no
	 lin.PCM128
	no
	AMR (0,2,4,7)



The choice is implementation dependent. Often the ATCF selects the IMS Selected Codec also as CS PS Codec. This is “egoistic”, as the burden is shifted to the Target MGW. But it has a substantial advantage: it indicates to the SRVCC MSC that the choice of the Target RAN Codec was not optimal.The SRVC MSC has then the opportunity to execute a Mid-Call Modification of the Target RAN Codec to reach TrFO again, after SRVCC is successfully executed.
So in this scenario SRVCC is executed and transcoding resources are added, typically in the Target MGW. Then, after a short, while Mid-Call Modification of the Target RAN leg may remove the inserted Transcoder again. This additional Mid-Call Modification is implementation specific.
	4th Change


6.3
SRVCC AMR(...) to EVSoCS(...)

As in scenario 6.1 and 6.2 the IMS Selected Codec is AMR(...), e.g. AMR(0,2,4,7), the recommended Codec. The SRVCC MSC determines the Target RAN Codec based on the received UE-SCL and the known Target RAN Capabilities without knowledge about the IMS Selected Codec. 
If the Target RAN is updated to EVSoCS, then it may be seletced as Target RAN Codec.

But which of the Configurations (still under discussion) would the SRVCC MSC select?
Configuration 1, with Spreading Factor SF=64, provides the best possible quality and is optimal, if the IMS Selected Codec is EVS-FB or EVS-SWB. But it is the most costly alternative for the Target RAN. 
Configuration 0, with Spreading Factor SF=128, needs less radio capacity and is a compromise.
Configuration 2, with Spreading Factor SF=256, needs least radio capacity, provides lowest voice quality.
The decision could and will be based on the load in the Target RAN. Sometimes there is no other choice than Configuration 2.
The problems and solutions are similar, a bit more negative, compared to the scenario 6.2. The temporarily inserted Transcoder (EVS <=/=> AMR) is even more complex and resource hungry, the temporary radio load potentially high without gain.
It is not reasonable trying to re-negotiate the IMS Selected Codec with the remote end.
An optional Mid-Call Modification of the wrongly selected Target RAN Codec is the only escape, after SRVCC.
	4th Change


6.4
SRVCC AMR-WB(...) to AMR(...)

In this scenario the call setup results in the IMS Selected Codec being AMR-WB(...). Maybe even AMR-WB() is selected, with all 9 modes allowed. This is an important scenario today in VoLTE<=>VoLTE calls. But alsoAMR-WB(0,1,2) provides impressive HD Voice quality.
Unfortunately, in this scenario, the Target RAN is not updated and does not support AMR-WB yet. The SRVCC MSC selects AMR(0,2,4,7) instead. Transcoding is required between Target RAN Codec and IMS Selected Codec.

Other than in the scenarios before (6.1 – 6.3) there is a chance to renegotiate the IMS Selected Codec with the remote end and achieve end-to-end TrFO again, although in AMR(0,2,4,7)  quality.

This Codec Renegotiation is optional. In any case it should be performed after SRVCC is successfully finished.
	End of Changes


