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Abstract of the contribution: This paper proposes to further discuss the handling of HPLMN request for GBR greater than VPLMN value for IMS voice service in home routed roaming.
1 Discussion
1.1 Existing alternative solutions
[bookmark: _Hlk110104309]In SA2#151E, a LS Out S2-2204724 is agreed with the following information:
SA2 has discussed the issue and believe that a GBR mismatch between HPLMN and RAN can lead to voice packets being dropped with no certainty that the voice coders will adapt to the lower data rate.
SA2 invite SA4 to provide further analysis of the impact of such a GBR mismatch.
One possibility might be to extend the reject message that e.g., carries the cause “QoS parameter mismatch” to include information on the maximum GBR that that MME/RAT can accept for that QCI.
SA2 invite CT4 and CT3 to comment on the appropriate reject causes and this possible extension.
Two Alternative solutions are introduced in the LS out:
Alternative-1: The VPLMN downgrades GBR parameter, and only sends the modified GBR parameter to the RAN in the VPLMN without informing the HPLMN.
            It needs the SA4 to provide further analysis of the impact of such a GBR mismatch.
Alternative-2: The VPLMN rejects the dedicated voice EPS bearer/QoS flow establishment request with acceptable GBR parameter.
Per TS 24.229 clause 6.2, the P-CSCF will send 488 with the acceptable GBR parameter to UE. Per Per TS 24.229 clause 5.1.3.1, the UE will send a new INVITE request containing the acceptable GBR parameter. So, the call may be established successfully.
It needs the CT3 and CT4 to comment on the appropriate reject causes and this possible extension.
For the Alternative-1:
SA4 sends back the LS (S4-221192), and explains that Codec Mode Request(CMR) transfer in RTP/RTCP message does not work, when belowing the lowest configured voice codec mode.
1. Overall Description:
SA4 has discussed the issue and can confirm the SA2 understanding that a RAN GBR (in HPLMN or VPLMN) that is lower than what is needed to support the lowest voice codec mode the UE is configured to use (by the HPLMN), would result in voice packets being delayed and/or dropped. It cannot be assumed that a UE would adapt below the lowest configured voice codec mode, even in the presence of substantial packet loss and even if the specific voice codec technology supports lower modes than what is included in the current UE configuration.
Furthermore, the current TS 26.114 specification provides several optional and recommended speech adaptation procedures and possibilities to detect the need for speech adaptation. Currently, only one speech adaptation procedure is normative for the UE; adjusting speech codec mode based on received speech Codec Mode Request (CMR). However, neither sending CMR based on observed RTP voice packet losses nor adjusting speech codec mode based on (RTCP) reported voice packet losses are normative to support in the UE. This is true both for Initial Codec Mode (ICM) procedures and dynamic adaptation during an ongoing session. The lack of normative UE reaction to observed packet losses thus decreases the probability that any two communicating UE would jointly detect and adapt the used voice codec mode, even if existing technology would clearly allow for such adaptation.
Therefore, SA4 considers it of utmost importance to ensure that the used RAN GBR (in HPLMN or VPLMN) is never set lower than the lowest configured voice codec mode in the UE.
This reply LS is provided for information.
It seems that Alternative-1 cannot work because the problem of GBR mismatch between IMS layer and NAS/AS layer cannot be resolved.
For the Alternative-2:
CT4 sends back the LS (C4-224401), and explains that CT4 could providing the max GBR that the VPLMN allows by extending the Create/Update Bearer Response. But all related GTP-C entities in both VPLMN and HPLMN, i.e. MMEs/SGWs/PGWs would have to be upgraded.
1. Overall Description:
3GPP TS 29.274 (GTPv2) already supports that the MME in a VPLMN can reject Create/Update Bearer Request with the cause "MME/SGSN refuses due to VPLMN Policy" as below: 
"MME/SGSN refuses due to VPLMN policy" is used by the MME/SGSN in the VPLMN to indicate to the PGW in the Create Bearer Response or Update Bearer Response that it does not allow the establishment or modification of the bearer due to VPLMN operator's policy. 
In principle, CT4 could extend the Create/Update Bearer Response with a new VPLMN QoS IE providing the max GBR that the VPLMN allows when returning the above error.
A better alternative could be to extend the Create Session Request message for an IMS PDN connection creation with a new VPLMN QoS IE containing a list of max GBRs for corresponding QCIs which is like what exists in 5GS (v-SMF providing its QoS constraints to H-SMF during the PDU session establishment).
However, above alternatives have impact on all related GTP-C entities in both VPLMN and HPLMN, i.e. MMEs/SGWs/PGWs would have to be upgraded to be able to handle the new VPLMN QoS IE. 
It seems that Alternative-2 can work well, but it needs to upgrade both HPLMN and VPLMN.
[Observation-1] 
Alternative-1 cannot work unless providing some extra procedures.
Alternative-2 can work well, but it needs to upgrade both HPLMN and VPLMN.
1.2 Related Scenarios
In SA2#152E, during the discussion of S2-2205554 and S2-2206389, it is mentioned that, as 5G becomes commercially available, the operators are desire for better service for subscribers, such as high quality voice service which needs larger GBR value of VoNR than VoLTE. 
Based on such assumption, the scenarios of EPS fallback and 5G to 4G handover should also be considered, because it also related to the problem of GRB mismatch.
[Observation-2]
The 4 scenarios, i.e. VoNR, VoLTE, EPS Fallback and 5G to 4G handover, need to be considered together when evaluation which alternative solution is better.
1.3 Solutions evaluation
This part tries to evaluate whether the two alternative solutions can fulfill the 4 scenarios listed in clause 1.2, and if not, how to update it. 
For example:
· 4G of VPLMN is using a value of GBR=64kbps
· 5G of VPLMN is using a value of GBR=156kbps
· 5G of HPLMN is using a value of GBR=512kbps
For the Alternative-1:
The idea of alternative-1 is that the MME/SMF in VPLMN downgrades the GBR.
From the core network point of view, alternative-1 can work well against all the 4 scenarios, because after the MME/V-SMF downgrades the GBR, all the procedures can go down.
But, From the UE point of view, alternative-1 cannot work for all the 4 scenarios, e.g. for VoNR, the negotiated GBR in IMS message is 512kbps, but the GBR of QoS flow is 156kbps after downgrade by V-SMF, the GBR value mismatch between IMS layer and NAS/AS layer will cause the voice packets being dropped frequently. 
Only the UE knows the mismatch, so maybe the UE needs a new procedure to modify the GBR of IMS layer to make it match with the GBR of NAS/AS layer.
For the Alternative-2:
The idea of alternative-2 is that the MME/SMF in VPLMN rejects the request with acceptable GBR.
For the EPS fallback scenario: 
The following steps will be performed:
1. The UE sends a SIP INVITE message with GBR=512kbps to peer UE to request establish a VoNR call
2. The P-CSCF triggers the PCF to establish the dedicated QoS flow for voice with GBR=512kbps, the PCF then triggers the H-SMF and V-SMF to establish dedicated the QoS flow.
3. The V-SMF will reject the dedicated QoS flow establishment request with the GBR=156kbps. 
4. The P-CSCF will reject the UE with 488 response containing GBR=156kbps after receives the rejection from PCF. 
5. The UE will send a new SIP INVITE message with GBR=156kbps again
6. The P-CSCF trigger the PCF to establish the dedicated QoS flow for voice with GBR=156kbps, the EPS fallback procedure will perform, and the dedicated EPS Bearer establishment request with the GBR=156kbps will be sent to MME
7. the MME rejects the request again with GBR=64kbps
8. The P-CSCF will reject the UE with 488 response containing GBR=64kbps after receives the rejection from PCF. 
9. The UE will send a new SIP INVITE message with GBR=64kbps again
The two rejections will cause long delay, so the procedure needs to be updated to avoid the two rejections, such as the first rejection from the V-SMF contains the GBR=64kbps directly, if the V-SMF knows the EPS fallback will be performed based on the operator policy or pre-configuration.
For the VoNR to VoLTE handover scenario,
If the AMF sends the GBR=156kbps to MME during the handover procedure, the MME may send the rejection to AMF based on the idea of alternative-2, the rejection will cause handover failure and call drop/voice interruption.
The procedure needs to be updated to avoid handover failure, such as the MME accept the GBR=156kbps for the voice dedicated EPS bearer temporarily.
[Observation-3]
Both Alternative solutions need to be updated.
For alternative-1: The UE needs a new procedure to modify the GBR of IMS layer to make it match with the GBR of NAS/AS layer
For alternative-2: In the EPS fallback scenario, the V-SMF needs to be updated to reject with a proper GBR value, such as the minimum value between VPLMN 5G GBR and VPLMN 4G GBR. 
In the 5G to 4G handover scenario, the MME needs to accept the incorrect GBR value for the voice dedicated EPS bearer temporarily.
1.4 Solutions Comparation
Alternative-1：
· [bookmark: _GoBack]Pros: Only the VPLMN needs to be enhanced.
· Cons: UE impacts 
How to resolve the problem of packets being delayed and/or dropped for UE is unknown
Alternative-2: 
· Pros: No UE impacts;
· Cons: Both the VPLMN and HPLMN need to be enhanced.
[Observation-4]
We slightly prefer to select alternative-2 as baseline because it has no impact on UE. 
The alternative-1 has impact on UE and how to resolve the problem of packets being delayed and/or dropped is still unknown.
2 Proposal
1) We prefer to select alternative-2 as baseline. 
2) The CR S2-2205554 of SA2#152E from Vodafone is focus on VoLTE scenario, this discussion paper proposes to add a new CR S2-2208502 to focus on VoNR and EPS Fallback scenarios.
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