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Abstract of the contribution: This paper discusses solutions to address issues that E-RABs that cannot be handed over to 2G/3G or 5G and propose way forward.
1 Discussion
1.1 Issues per LS (R3-211273/S2-2100108)
The RAN3 LS R3-211273 states the following: 
“RAN3 has discussed the below issue: when perform SRVCC from 4G to 3G, if the UE was earlier handed over from 5G and having the PS bearer (no voice) from 5G, eNB would perform SRVCC with two Iu connections (Iu-CS and Iu-PS) and informs the target RNC. But the Forward Relocation Request message may never be sent to the target node due to the QoS flow established in 5G does not contain Transaction Identifier (TI) and this TI is mandatory in the Forward Relocation Request message. This causes the SRVCC delay and in the worst case could even cause failure
The issue is general, with the introduction of NR, the PS bearers set up at 5G may not be able to handover to 2G/3G or vice versa, e.g.: 5G without TI cannot be handed over to 2/3G. Similarly, some E-RABs from 2G/3G cannot be handed over to 5G. The mobility procedure may be delayed and in the worst case could fail”

The following issues are identified:
Issue#1 Delay or even failure of SRVCC with PS+CS HO due to PS HO message not sent to RNC
Issue#2 KPI degradation due to failure of normal PS HO (from EUTRAN to GERAN/UTRAN, or to NG-RAN) or waste of signaling/radio resource 
1.2 Solution options proposed during SA2#143E
The following two options are proposed to address Issue#1:
S2-2100228 (on 23.502) proposes that MME not include the PDP context if TI is not available 
S2-2100328 (on 23.216) proposes that MME build Forward Relocation Request even if TI is not available due to UE mobility from 5GS to EPS.

The following solution is proposed to address Issue#2:

S2-2100329 (on 23.502) proposes that MME indicate to eNB whether the E-RAB can be moved to 2G/3G or to 5GS.
1.3 Analysis to solutions addressing Issue#1
For simplicity, analysis below focus on SRVCC with PS HO to UTRAN.
1.3.1 Observations from TS 23.216 and TS 23.060
TS 23.216 specifies the following:

6.2.2.2
SRVCC from E-UTRAN to UTRAN with PS HO or GERAN with DTM HO support
…

6.
In parallel to the previous step the source MME initiates relocation of the PS bearers. The following steps are performed (for details see TS 23.401 [2] clauses 5.5.2.1 and 5.5.2.3):

a)
Source MME sends a Forward Relocation Request (generic Source to Target Transparent Container, MM Context, PDN Connections IE) message to the target SGSN. If the target SGSN uses S4 based interaction with S-GW and P-GW, the PDN Connections IE includes bearer information for all bearers except the voice bearer. The handling of security keys for PS handover of the remaining non-voice PS bearers is specified in TS 33.401 [22].

NOTE 3:
If the target SGSN uses Gn/Gp based interaction with GGSN the Forward Relocation Request will contain PDP Contexts, instead of PDN Connections IE, including bearer information for all bearers except the voice bearer.
[Observation-1] During SRVCC, Forward Relocation Request from MME to SGSN contains PDP context (for SGSN using Gn/Gp interface).

TS 23.060 specifies the following:

6.9.2.2.1
Serving RNS Relocation Procedure

This procedure is only performed for an MS in PMM‑CONNECTED state where the Iur interface carries both the control signalling and the user data.
[Observation-2] SRNS relocation procedure is only performed when there is user data (i.e. there is radio bearer), which implies that Forward Relocation Request from MME to SGSN should contain PDP context.

[Conclusion-1] Based on [Observation-1] & [Observation-2], S2-2100228 (i.e. MME not including the PDP context if TI is not available) may have impact on SGSN (as well as RNC) if MME does not include PDP context in Forward Relocation Request to SGSN.
1.3.2 Observations from TS 25.413 and proposals
TS 25.413 specifies the following:
8.7.5         Co-ordination of Two Iu Signalling Connections
…
Co-ordination of two Iu signalling connections during Relocation Resource Allocation procedure shall be executed by the target RNC when the Number of Iu Instances IE received in the Source RNC to Target RNC Transparent Container IE in the RELOCATION REQUEST message indicates that two CN domains are involved in relocation of SRNS.
…
If two CN domains are involved, the following actions shall be taken by the target RNC:
-     The target RNC shall utilise the Permanent NAS UE Identity IE, received explicitly from each CN domain within the RELOCATION REQUEST messages, to co-ordinate both Iu signalling connections.
-     The target RNC shall generate and send RELOCATION REQUEST ACKNOWLEDGE messages only after all expected RELOCATION REQUEST messages are received and analysed, except for the case where there is at least one of the RABs that has a particular ARP value (see TS 23.060 [21]).
-     In case the SRVCC operation is performed and the source system is E-UTRAN, the target RNC shall generate and send RELOCATION REQUEST ACKNOWLEDGE message to the CN in CS domain if the relocation of SRNS is accepted for the CS domain but not accepted for the PS domain.
[Observation-3] If two CN domains are involved (i.e. both PS and CN Iu instances are included in Source RNC to Target RNC Transparent Container), the target RNC shall generate and send RELOCATION REQUEST ACKNOWLEDGE messages only after all expected RELOCATION REQUEST messages are received.
[Observation-4] If two CN domains are involved, for SRVCC, if SRNS relocation is not accepted for the PS domain but accepted for the CS domain, the target RNC shall generate and send RELOCATION REQUEST ACKNOWLEDGE message to the CN in CS domain.
[Conclusion-2] Based on [Observation-3], if two CN domains are involved, and if RELOCATION REQUEST message for PS domain is not received, the target RNC will not send RELOCATION REQUEST ACKNOWLEDGE (except for the case where there is at least one of the RABs that has a particular ARP value). Change to [Observation-3] will require RNC upgrade.
[Proposal-1] To address Issue#1 without requiring RNC upgrade, eNB upgrade and possibly SGSN upgrade, if eNB initiates SRVCC with PS+CS HO, it’s proposed that the MME includes PDP context(s) in Forward Relocation Request to the SGSN even if MME does not have Transaction Identifier for UE previously in 5GS. 
NOTE: Turning off PS HO in eNB could avoid the issue, however turning off PS HO in eNB is not acceptable to some markets based on known information.
[Proposal-2] As the impact to address Issue#1 is SRVCC specific, it’s proposed to capture the necessary update in TS 23.216.   
1.3.3 Observations from TS 36.331
TS 36.331 specifies the following:
8.3.6.1 General
The purpose of the inter-RAT handover procedure is to, under the control of the network, transfer a connection between the UE and another radio access technology (e.g. GSM or E-UTRA) to UTRAN.
…
This procedure may be used to perform PS to CS handover (i.e. SR-VCC Handover) which applies when there is a signalling connection in E-UTRA PS domain to be transferred to UTRA CS domain. SR-VCC handover may be performed with a simultaneous PS handover.
…
 8.3.6.3   Reception of Handover to UTRAN command message by the UE
The UE shall be able to receive a HANDOVER TO UTRAN COMMAND message and perform an inter-RAT handover, even if no prior UE measurements have been performed on the target UTRAN cell and/or frequency.
The UE shall act upon all received information elements as specified in subclause 8.6, unless specified otherwise in the following.
The UE may:
1> maintain a list of the set of cells to which the UE has Radio Links if the IE "Cell ID" is present.
The UE shall:
1> store a U-RNTI value (32 bits), which is derived by the IEs "SRNC identity" and "S-RNTI 2" included in IE "U-RNTI-short". In order to produce a full size U-RNTI value, a full size "S-RNTI" (20 bits) shall be derived by padding the IE "S-RNTI 2" with 10 zero bits in the most significant positions; and
1> if the HANDOVER TO UTRAN COMMAND message is used to perform anything other than CS handover from GERAN and the message does not contain at least one instance of the IE "RAB Info";
2> the UE behaviour is unspecified.
1> initialise the variable ESTABLISHED_SIGNALLING_CONNECTIONS with the signalling connections that remains after the handover according to the specifications of the source RAT;
NOTE 0:   The IE "CN domain identity" in IE "RAB Info" in the HANDOVER TO UTRAN COMMAND message determines towards which CN domain  signalling connections are established. The HANDOVER TO UTRAN COMMAND message contains at least one IE "RAB Info" except in the CS domain handover from GERAN case where it may not be present, in which case the UE behaviour is the same as if "CN domain identity" had been received and set to "CS Domain".
…
If the UE succeeds in establishing the connection to UTRAN, it shall:
1> if "RAB Info" list contained only one CN domain identity in IE "CN domain identity":
2> if CN domain is set to CS domain only indicate to upper layers that no CN system information is available for any domain other than the CS domain (see NOTE 5);
2> if CN domain is set to PS domain only indicate to upper layers that no CN system information is available for any domain other than the PS domain (see NOTE 6).
1> if "RAB Info" list contained RABs for the PS and CS domain:
2> indicate to upper layers that CN system information is available for the PS and CS domain (see NOTE 7).
NOTE 5:   After CS handover or SR-VCC handover without a simultaneous PS handover has been completed, the UTRAN should provide the UE with the CN system information of the PS domain as soon as possible, in order not to delay access to the PS domain.
NOTE 6:   After PS handover or rSR-VCC handover has been completed, the UTRAN should provide the UE with the CN system information of the CS and PS domain as soon as possible in order not to delay access to the CS domain and trigger a NAS procedure for the PS domain.
NOTE 7:   After DTM handover or SR-VCC handover with a simultaneous PS handover has been completed, the UTRAN should provide the UE with the CN system information of the PS domain as soon as possible in order to trigger a NAS procedure for the PS domain.
[Observation-3] If the UE succeeds in establishing the connection to UTRAN, and if "RAB Info" list contained RABs for the PS and CS domain, the UE shall indicate to upper layers that CN system information is available for the PS and CS domain.
[Observation-4] After SR-VCC handover with a simultaneous PS handover has been completed, the UTRAN should provide the UE with the CN system information of the PS domain as soon as possible in order to trigger a NAS procedure for the PS domain.

1.3.4 Observations from TS 24.301 and conclusions
TS24.301 specifies the following:
6.1.4        Coordination between ESM and SM

…
NOTE 2:   Some networks not supporting mobility from S1 mode to A/Gb mode or Iu mode or both do not provide the UE with the GERAN/UTRAN parameters. However, for this case there is no need for the UE to perform mapping to GERAN/UTRAN parameters (i.e. the PDP contexts cannot be transferred to A/Gb mode or Iu mode).

…

At inter-system change from S1 mode to A/Gb mode, SM shall not activate the PDP context(s) if SM does not have the following parameters from the active EPS bearer context(s):

-     LLC SAPI;

-     radio priority;

-     transaction identifier; and

-     R99 QoS.
At inter-system change from S1 mode to Iu mode, SM shall not activate the PDP context(s) if SM does not have the following parameter from the active EPS bearer context(s):

-     transaction identifier; and

-     R99 QoS.

[Observation-5] SM in the UE shall not activate the PDP context(s) if SM does not have Transaction Identifier. 
[Conclusion-3] During SRVCC for UE previously in 5GS, the UE does not have Transaction Identifier, therefore the PDP context will not be activated. When UE triggers a NAS procedure for the PS domain (as in [Observation-4]), the PDP context status will be inactive.
1.4 Analysis to solution addressing Issue#2
For EPS to 2G/3G handover for UEs previously in 5GS, and for EPS to 5GS handover for UEs previously in 2G/3G, the MME may proceed as follows:
Option-1: MME proceeds with handover, in this case, 
For handover to 2G/3G for UEs previously in 5GS, 

The handover is deemed to fail, as the UE does not have the necessary parameters for PDP context such as R99 QoS and TI (see section 1.3.3), so signaling and radio resource during handover are wasted.
Another issue is that PDN connection in SMF+PGW-C may be hanging as the SMF+PGW-C is not able to handle GTP-C v1 message. Note that from Rel-17, with the support of Gn/Gp in SMF+PGW-C in WID TEI17_NIESGU, the PDN hanging in SMF+PGW-C could be avoided.
For handover to 5GS for UEs previously in 2G/3G, the handover is deemed to fail too, as the UE does not have mapped 5G parameters (e.g. QoS, S-NSSAI). So signaling for handover is wasted.
Option-2: MME fail the handover preparation because the MME know that handover to the target RAN is deemed to fail. 
As there is no specific cause code in S1AP Handover Failure message from MME to eNB, the eNB may retry handover, which will fail again. 
Either Option-1 or Option-2 will have negative impact on KPI and Option-1 also imply waste of signaling and radio resource.
[Proposal-3] To avoid KPI degradation and waste of signaling/radio resource in Issue#2, it’s proposed to update S2-2100329 so that the MME indicate to eNB that E-RAB cannot be moved to 2G/3G and/or cannot be moved to 5GS, and MME initiate deletion of PDN connection that cannot be moved to 2G/3G or to EPS. This proposal address Issue#1 as well.
2 Proposal

[Proposal-1] To address Issue#1 without requiring RNC upgrade, eNB upgrade and possibly SGSN upgrade, if eNB initiates SRVCC with PS+CS HO, it’s proposed that the MME includes PDP context(s) in Forward Relocation Request to the SGSN even if MME does not have Transaction Identifier for UE previously in 5GS. 

[Proposal-2] As the impact to address Issue#1 is SRVCC specific, it’s proposed to capture the necessary update in TS 23.216. 
See S2-2102279 (i.e. revision S2-2100328).
[Proposal-3] To avoid KPI degradation and waste of signaling/radio resource in Issue#2, it’s proposed to update S2-2100329 so that the MME indicate to eNB that E-RAB cannot be moved to 2G/3G and/or cannot be moved to 5GS, and MME initiate deletion of PDN connection that cannot be moved to 2G/3G or to EPS. This proposal address Issue#1 as well.
See S2-2102280 (i.e. revision of S2-2100329) 
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