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Introduction

An LS have been received from RAN3 in [1 ]asking RAN2 to provide answers on below eight questions:

---------------------------------------------------------- From LS R2-2211160 ----------------------------------------------------------
Inter-RAT SHR

RAN3 agreed to support T310 and T312 related triggers for inter-RAT SHR from NR to LTE. But there was no consensus on whether to also support T304 trigger for inter-RAT SHR from NR to LTE. Considering this might impact RAN2 specifications (including LTE specifications), RAN3 has the following questions:

Q1. Is RAN2 planning to impact LTE specifications to support inter-RAT SHR?

Q2. Whether T304 trigger for inter-RAT SHR from NR to LTE is to be supported?

Q3. If yes to Q2, whether the inter-RAT SHR is always encoded in source RAT format or can be encoded based on the RAT format which generates the inter-RAT SHR trigger condition (e.g., inter-RAT SHR encoded in NR format for T310/T312 triggers and in LTE format for T304 triggers for inter-RAT HO from NR to LTE)?

Further RAN3 is not sure on the retrieval and reporting of inter-RAT SHR and would like to ask RAN2 the following question:

Q4. If yes to Q2, and if inter-RAT SHR is collected due to T304 triggers (configured by target LTE node), what is RAN2’s preference on the following two options?

Option 1: It is sufficient for UE to report the inter-RAT SHR once UE is back to NR

Option 2: The LTE node should have the capability to retrieve the inter-RAT SHR 

RAN3 further discussed on the potential contents for inter-RAT successful handover and agreed on the following: 

Source NR cell information

Target LTE cell information

Measurement results for source, target and neighbours

Cause to indicate which inter-RAT SHR triggering condition was met

UE location Information
Considering there might be parallel discussion in RAN2, RAN3 would like to check the following:

Q5: Can RAN2 confirm the support for above parameters for inter-RAT SHR from NR to LTE? Whether the existing IEs defined in Rel-17 for intra-NR SHR can be reused is up to RAN2 decision.

Successful PSCell Change Report (SPCR)

RAN3 also discussed different aspects related to SPCR and have the following questions to RAN2:

Q6. Whether the SPCR can be stored at the UE and sent later to the gNB or is sent immediately after the successful PSCell change or addition?

Q7. Which node (MN or SN) retrieves the SPCR from the UE?

Q8. Which node (MN or SN) sends the Successful PSCell Change/Addition configuration to the UE?

---------------------------------------------------------- From LS R2-2211160 ----------------------------------------------------------
The contribution intends to discuss remaining SHR and SPR issue with consideration on both RAN2 progress [2] as well as providing thoughts on above questions. [2].
Discussion
Inter-RAT SHR 
Based on existing specs it is source that configure T312/T310/DAPS relevant SHR trigger while T304 is configured by the target node. Since DAPS is not applicable for inter-RAT HO there is no need for further discussion. As for T312/T310 trigger the configuration comes from NR node where existing signalling can already support configure such triggers for mobility from NR scenario, there is no specs impact. However for T304 trigger, since the configuration comes from target (i.e., LTE node) if to support the complete function updates in LTE specs is required. Thus it is proposed to discuss in RAN2 whether to enhance LTE specs to support T304 threshold based trigger for mobility from NR scenarios.  
Observation 1: Except for DAPS which is not applicable for inter-RAT HO, T310/T312 trigger configuration can already be supported by existing NR signalling and procedure with no specs impact.

Observation 2: T304 trigger is configured by target which requires update in LTE ASN.1 to support configuring the trigger for HO from NR to EUTRA.

Regarding first question in in the LS, whether LTE specs will be impacted, and how much LTE specs could be impacted depends on which solutions we choose to support for configuration and report. 
Table 1 Comparison of inter-RAT SHR configuration/report solutions combinations
	Options
	Supported triggers
	SHR format
	Inter-RAT report?
	Specs impact

	1-1
	T312/T310
	NR format
	No

UE store SHR until comes back to NR and report to NR
	Update NR specs to allow storing SHR for mobility from NR;

No LTE specs impact

Small specs impact on RAN2/RAN3

	1-2
	T312/T310
	NR format
	Yes
	Extend SHR storing condition in NR specs 

Update LTE specs impact to support LTE to fetch the report in container, possible source id in LTE format to allow forwarding to SHR to NR nodes

Impact on NW interface (e.g., Xn)

Medium specs impact on RAN2/ RAN3

	1-3
	T312/T310
	LTE format
	-
	No NR specs impact

Update LTE specs to allow storing SHR in LTE format and report LTE SHR to LTE BS.
LTE BS might need to re-coding the SHR in NR format and forward the report to NR BS to do the optimization.

Impact on NW interface (e.g., Xn)

Medium specs impact on RAN2/ RAN3

	3-1
	T312/T310/T304
	NR format
	No

UE store SHR until comes back to NR and report to NR
	LTE specs needs to be update to support configuration of T304 trigger;
Update NR specs to allow storing SHR for mobility from NR;

If trigger condition includes T304, NR BS needs to re-encoding the SHR and forward SHR to LTE target node to do optimization, impact on NW interface

Medium specs impact on RAN2/ RAN3

	3-2
	T312/T310/T304
	NR format
	Yes
	Extend SHR storing condition in NR specs 

Update LTE specs impact to allow configurating of T304 trigger and support LTE to fetch the report in NR container, possible source id in LTE format to allow forwarding to SHR to NR nodes.

After decoding, NR node might also need to re-coding the SHR and forward back to LTE target if T304 trigger is included. 
Impact on NW interface (e.g., Xn)

Huge specs impact on both RAN2/3

	3-3
	T312/T310/T304
	LTE format
	-
	No NR specs impact;

LTE specs needs update to allow T304 configuration and SHR storing;

LTE BS might need to forward NR related measurements to NR BS (if triggering condition includes T310/T312)

Medium specs impact on both RAN2/RAN3


Shown above is a comparison table for different combinations of options for inter-RAT report/configuration, including analysis on the required the LTE and NR specs impact. In R17, when discussing the triggering condition and which node shall be responsible for the optimization, it is consensus that source node is in responsible for T310/T312 relevant trigger while T304 trigger is left for target to do the optimization.

Observation 3: For mobility from NR to LTE, source node (NR BS) is in responsible for T310/T312 relevant trigger while T304 trigger is left for target (LTE BS) to do the optimization.

As shown above, if only T312/T310 trigger is supported for mobility from NR to LTE case, then to allow UE to store the SHR in NR format will have the least specs impact, but the consequence is that only NR BS can do the optimization for mobility from NR to LTE scenarios. For this case, there is no urgent need to support inter-RAT SHR reporting since the SHR is anyway successful, but the drawback is that the stored SHR may be deleted
Observation 4: If only T312/T310 trigger is supported for mobility from NR to LTE case, then to allow UE to store the SHR in NR format will have the least specs impact but the optimization will be limited to source node (NR node) only.
But if we intends to support also T304 trigger, then LTE specs will at least be updated to allow configuration of T304 trigger. In this case, there are also three combinations of methods to support storing the SHR and reporting. As shown above, option 3-2 has the largest specs impact while there are no obvious gain in both procedure design or performance. As for option 2-1 and 2-3, the specs impact on NW interface might be needed since either NR or LTE BS will needs to read the SHR and decide whether to forward the corresponding report to intended nodes. The difference is that for 2-1 the configuration and storing of SHR is separated in different specs, makes it difficult to understand the complete procedure. Also, for 2-3., UE can sent the stored SHR sooner compared to option 2-1. Therefore from both readability of specs and from performance gain-wise consideration, Option 2-3 is preferred when T304 trigger is supported for mobility from NR to LTE. 
Observation 5: When T304 trigger is supported, Opt2-2 of table 1 has the largest specs impact while there are no obvious gain in both procedure design or performance.

Observation 6: When T304 trigger is supported, opt 2-3 of table 1 is preferred in the light of readability of specs and performance gain (e.g.,instant SHR reporting), with medium LTE specs impact.
On one hand, from NW’s perspective it is useful for UE to store SHR for all trigger specified in R17, so that NW can optimize mobility decision also for inter-RAT scenarios based on complete understanding of all situations. On the other hand, since current LTE specs has not yet allowed to store SHR, there will be additional specs work, also put extra complexity in UE implementation. Therefore it is proposed to first clarify if T304 trigger needs to be supported considering both the specs impact and the gain can be achieved.

Observation 7: Support SHR storing in LTE is beneficial for NW to optimize inter-RAT scenarios based on complete understanding while will have extra specs work and additional requirement on UE.
Proposal 1: RAN2 discuss whether to allow configuring T304 SHR trigger for HO from NR to EUTRA.

Based on above analysis, if confirmed only T310/312 triggers are supported, then UE stores the SHR in NR format and no inter-RAT report is needed to limit the specs impact to the least level. For this option, it is naturally that existing IEs defined in NR SHR can be reused.
Proposal 2: If only T310/312 triggers are supported for mobility from NR to LTE, UE stores the SHR in NR format with the same amount information agreed for intra-NR SHR and report to NR (i.e., no inter-RAT report).
If confirmed T310/312/t304 triggers are all supported, then UE stores the SHR in LTE format and report the SHR to LTE BS. Similar to the signalling design in NR specs, it is suggested to enhance otherConfig in RRCConnectionReconfiguration to allow T304 based SHR trigger configuration. And use UEInformationRequest/Response for SHR reporting. Also, all the information agreed for NR SHR can also be reused to make the solution complete.
Proposal 3: If T310/312/T304 triggers are supported for mobility from NR to LTE, UE stores the SHR in LTE format and report to LTE node with below procedures:

OtherConfig in RRCConnectionReconfiguration is enhanced to allow T304 SHR trigger configuration

 UEInformationRequest/Response is used for SHR reporting
The same amount of information as for intra-NR SHR is included
Successful PSCell Change Report (SPR)

As for Q6, whether SPR needs to be report immediately, we consider it shall be up to NW to decide. Similar to SHR, since the SPR is successful, it is unlikely NW will move UE to another SN node soon, which means there is no urgent need for optimization. Also, it is possible for UE to inform NW that there is available SPR report for fetching, if NW would like UE to report the SPR immediately NW can do the request, there is no need to mandate UE to always sent the SPR immediately after generating the reports.

Observation 8: Whether to request UE to report SPR is up to NW implementation, there is no need to mandate UE to sent the report immediately after generating the report.

Proposal 4: It is up to NW’s implementation to request UE to report SPR.
On SPR Configuration
On which node to configure UE with SPR it depends on the detailed scenarios. To reuse SHR mechanism as baseline, since we’ve agreed to use T304/T312/T310 trigger for SHR in last meeting, it is naturally to follow NR design that for T304 trigger it is target SN that provides the configuration through otherConfig embedded in HO command message while for T312/T310 trigger, it is source SN that provide configuration in through otherConfig in RRCReconfiguration message.
Observation 9: To reuse NR SHR as baseline, target SN that provides T304 configuration through otherConfig embedded in HO command message while source SN provides T312/T310 trigger configuration through otherConfig in RRCReconfiguration message.

Proposal 5: For SPR, target SN provides T304 configuration through otherConfig embedded in HO command message.

Specially for SN addition and CPA scenarios where there is no source SN exists, it is MN that evaluate target cell radio condition and decide if it is suitable for set-up DC.In this case MN can provides T312/T310 trigger for evaluation if wanted. 
Proposal 6: Except for CPA and SN addition, source SN provides T312/T310 trigger configuration through otherConfig in RRCReconfiguration message, while MN provides T312/T310 trigger for CPA and SN addition.
With above principle in mind, the simple way to configure UE with the corresponding procedures for SPR is to follow the SN addition/ PSCell change/CPAC procedure defined in TS 37340 stage 2 specification. 

Proposal 7: UE receives configuration of SPR through RRCReconfiguration message following the SN addition/modification/change/PSCell change procedure defined in TS 37.340 for NR-DC.
On SPR reporting
It has been agreed that UEInformationResponse/Request procedure will be used for SPR reporting , which implies that UE only report SRP to MN. 

Observation 10: RAN2 has agreed to reuse UEInformationResponse/Request procedure for SPR reporting.

Proposal 8: SPR is only reported to MN.
Another discussion point here is the co-existence of SPCR with SHR. There two possible methods to handle the configuration, one is common configuration (e.g., only one set of configuration is stored and be used to evaluate either HO in MN or SN). For this approach negotiation between MN and SN might be needed. 

Another method is to allow separate configuration and UE will stores both configurations if received. Independent configuration will have the gain in flexibility since the radio in MN and SN might be different, they may want to configure UE with different triggers based on their requirement. Moreover, since RAN3 has confirmed that CPAC will also be considered in SPCR, thus when will the CPAC be triggered in SN cannot be predicted. Thus UE needs to store both configuration from MN and SN if any in order to support SHR and SPCR.
Observation 11: Independent SHR/SPCR configuration provides more flexibility at UE’s side which also require UE to store both options since for CPAC when the RRC Reconfiguration procedure will be triggered cannot be predicted.

Proposal 9: UE stores both SPCR and SHR configuration (one for each type at most) if received from NW. 
Since HO with SN change is also part of the scope but with lower priority, therefore in order to supported this scenarios,, below options can be considered:

Separate reports for SHR and SPR
Extend SHR with additional IE for storing SPR.
Since the intention is to support HO with SN change, it is preferred to let NW obtain SHR and SPR involving in the same event at one request, there is no need for separate reports. Otherwise additional information will be needed for NW to link the two reports, which also introduce additional complexity.
Observation 12: Separate reports for SHR and SPR will require additional information to link the two reports in case HO with SN change, which introduce more complexity.

Proposal 10: Extend existing SHR with additional IE to store SPR. 

Another open issues is whether separate variable is needed for SPR can be further addressed in stage 3. For our understanding, although there will be two HO procedures in both MN and SN, it is unlikely UE will initiate the HO simultaneously, which makes it possible for UE to handle the storing of SHR by its internal siganlling. Whether it can be addressed properly in specs can left for further discussion.
Observation 13: Whether separate variable is needed can be addressed in stage 3 with consideration on the possibility to rely on UE internal signalling as well as the readability of specs.

Finally, since RAN2 has agreed to use SPR as the formal terminology for Successful PSCell change/addition report, it is proposed to inform RAN3 with the decision when replying the LS, so that the terminology is aligned among working groups.

Proposal 11: RAN2 inform RAN3 in the reply LS that SPR is agreed as the formal terminology for Successful PSCell change/addition report. 
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Inter RAT- SHR 
Observation 1: Except for DAPS which is not applicable for inter-RAT HO, T310/T312 trigger configuration can already be supported by existing NR signalling and procedure with no specs impact.

Observation 2: T304 trigger is configured by target which requires update in LTE ASN.1 to support configuring the trigger for HO from NR to EUTRA.

Table 1 Comparison of inter-RAT SHR configuration/report combinations
	Options
	Supported triggers
	SHR format
	Inter-RAT report?
	Specs impact

	1-1
	T312/T310
	NR format
	No

UE store SHR until comes back to NR and report to NR
	Update NR specs to allow storing SHR for mobility from NR;

No LTE specs impact

Small specs impact on RAN2/RAN3

	1-2
	T312/T310
	NR format
	Yes
	Extend SHR storing condition in NR specs 

Update LTE specs impact to support LTE to fetch the report in container, possible source id in LTE format to allow forwarding to SHR to NR nodes

Impact on NW interface (e.g., Xn)

Medium specs impact on RAN2/ RAN3

	1-3
	T312/T310
	LTE format
	-
	No NR specs impact

Update LTE specs to allow storing SHR in LTE format and report LTE SHR to LTE BS.
LTE BS might need to re-coding the SHR in NR format and forward the report to NR BS to do the optimization.

Impact on NW interface (e.g., Xn)

Medium specs impact on RAN2/ RAN3

	3-1
	T312/T310/T304
	NR format
	No

UE store SHR until comes back to NR and report to NR
	LTE specs needs to be update to support configuration of T304 trigger;
Update NR specs to allow storing SHR for mobility from NR;

If trigger condition includes T304, NR BS needs to re-encoding the SHR and forward SHR to LTE target node to do optimization, impact on NW interface

Medium specs impact on RAN2/ RAN3

	3-2
	T312/T310/T304
	NR format
	Yes
	Extend SHR storing condition in NR specs 

Update LTE specs impact to allow configurating of T304 trigger and support LTE to fetch the report in NR container, possible source id in LTE format to allow forwarding to SHR to NR nodes.

After decoding, NR node might also need to re-coding the SHR and forward back to LTE target if T304 trigger is included. 
Impact on NW interface (e.g., Xn)

Huge specs impact on both RAN2/3

	3-3
	T312/T310/T304
	LTE format
	-
	No NR specs impact;

LTE specs needs update to allow T304 configuration and SHR storing;

LTE BS might need to forward NR related measurements to NR BS (if triggering condition includes T310/T312)

Medium specs impact on both RAN2/RAN3


Observation 3: For mobility from NR to LTE, source node (NR BS) is in responsible for T310/T312 relevant trigger while T304 trigger is left for target (LTE BS) to do the optimization.

Observation 4: If only T312/T310 trigger is supported for mobility from NR to LTE case, then to allow UE to store the SHR in NR format will have the least specs impact but the optimization will be limited to source node (NR node) only.
Observation 5: When T304 trigger is supported, Opt2-2 of table 1 has the largest specs impact while there are no obvious gain in both procedure design or performance.

Observation 6: When T304 trigger is supported, opt 2-3 of table 1 is preferred in the light of readability of specs and performance gain (e.g.,instant SHR reporting), with medium LTE specs impact.

Observation 7: Support SHR storing in LTE is beneficial for NW to optimize inter-RAT scenarios based on complete understanding while will have extra specs work and additional requirement on UE.
Proposal 1: RAN2 discuss whether to allow configuring T304 SHR trigger for HO from NR to EUTRA.

Proposal 2: If only T310/312 triggers are supported for mobility from NR to LTE, UE stores the SHR in NR format with the same amount information agreed for intra-NR SHR and report to NR (i.e., no inter-RAT report).
Proposal 3: If T310/312/T304 triggers are supported for mobility from NR to LTE, UE stores the SHR in LTE format and report to LTE node with below enhancements:

OtherConfig in RRCConnectionReconfiguration is enhanced to allow T304 SHR trigger configuration

 UEInformationRequest/Response is used for SHR reporting
The same amount of information as for intra-NR SHR is included
SPCR

Observation 8: Whether to request UE to report SPR is up to NW implementation, there is no need to mandate UE to sent the report immediately after generating the report.

Observation 9: To reuse NR SHR as baseline, target SN that provides T304 configuration through otherConfig embedded in HO command message while source SN provides T312/T310 trigger configuration through otherConfig in RRCReconfiguration message.

Observation 10: RAN2 has agreed to reuse UEInformationResponse/Request procedure for SPR reporting.

Observation 11: Independent SHR/SPCR configuration provides more flexibility at UE’s side which also require UE to store both options since for CPAC when the RRC Reconfiguration procedure will be triggered cannot be predicted.

Observation 12: Separate reports for SHR and SPR will require additional information to link the two reports in case HO with SN change, which introduce more complexity.

Observation 13: Whether separate variable is needed can be addressed in stage 3 with consideration on the possibility to rely on UE internal signalling as well as the readability of specs.
Proposal 4: It is up to NW’s implementation to request UE to report SPR.
Proposal 5: For SPR, target SN provides T304 configuration through otherConfig embedded in HO command message.

Proposal 6: Except for CPA and SN addition, source SN provides T312/T310 trigger configuration through otherConfig in RRCReconfiguration message, while MN provides T312/T310 trigger for CPA and SN addition.
Proposal 7: UE receives configuration of SPR through RRCReconfiguration message following the SN addition/modification/change/PSCell change procedure defined in TS 37.340 for NR-DC.
Proposal 8: SPR is only reported to MN.
Proposal 9: UE stores both SPCR and SHR configuration (one for each type at most) if received from NW. 
Proposal 10: Extend existing SHR with additional IE to store SPR. 

Proposal 11: RAN2 inform RAN3 in the reply LS that SPR is agreed as the formal terminology for Successful PSCell change/addition report. 
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