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Introduction
RAN2#105bis discussed inter-RAT HO between LTE and NR for intra-system HO [1][2], particularly the modelling and specification of delta configuration for SDAP/PDCP configurations and the related use of fullConfig flag.  Further email discussion was continued on the topic in [3].  This document discusses the topic further, specially the issues with the current specifications and suggests changes needed to address the issues.
Discussion
Default inter-RAT HO behaviours
It was agreed to allow delta signalling for SDAP/PDCP configurations during inter-RAT, intra-system HO between NR and LTE/5GC.   Prior to this, delta configuration was not applicable for inter-RAT HO; the target configuration was a “full” configuration without re-using any of the source configuration.  
Observation #1: The behaviour for legacy RATs during inter-RAT HO is that delta configuration is not applied and the target provides the “full” configuration.  
The source configuration was released after successful completion of the inter-RAT HO and this is captured in the source RAT specifications.  
Observation #2: The source RAT configuration is released after successful completion of inter-RAT HO and is captured in the source RAT RRC specification.
The fullConfig flag was originally only applicable intra-RAT HO and the procedural section covering fullConfig flag was also written only for intra-RAT HO.  When viewed in the context of inter-RAT, the procedural text is misleading and confusing. For example (consider inter-RAT HO to LTE),
· In LTE RRC, it is unclear what “if the UE is connected to 5GC” means – does this mean a HO to LTE/5GC? 
· fullConfig flag releases all of the “current” configuration.  In the context of inter-RAT HO, what configuration does it release?  Does it delete the source RAT configuration?  Clearly, target RRCReconfiguration message with fullConfig flag and target RRC specification cannot directly release the source RAT configuration.  In any case, the source RAT configuration has to be released after completion of the inter-RAT HO (captured in the source RAT specifications).  If it is meant to be the target configuration, there is no target configuration yet (as fullConfig flag handling is the first procedure in the RRCReconfiguration) and it is not correct to release anything of the target side .  
In short, there is no need to do anything in the context of inter-RAT HO related to any of the configuration other than SDAP/PDCP configurations and in some cases, applying default configurations.  So the current behaviour in fullConfig procedural section should not be applied as such for inter-RAT HO.  

Observation #3: The current behaviour in fullConfig procedural section was written for intra-RAT HO.  It is confusing and incorrect when applied for inter-RAT HO.

Proposal #1: Current behaviour in fullConfig procedural section should not be used for inter-RAT HO.

Underlying principles for E-UTRA/NR inter-RAT HO using fullConfig
During the offline and email discussion, there was wide support to continue with the re-use of the fullConfig flag to indicate whether delta signalling of SDAP/PDCP should be applied or not for intra-system HO.   These were summarised as follows:

· For inter-system inter-RAT HO, Fullconfig flag is always used. Source RB configuration (including SRB/DRBid) is not considered when UE applies the target RAT configuration based on the presence of full config flag. Source configuration is released as in specs today after successful HO to target.
· For intra-system inter-RAT HO, Fullconfig flag is used to (only) indicate whether delta config is applied for RB-config. The rest of the source configuration is handled exactly as inter-system inter-RAT HO.
In other words, a generalised behaviour for inter-RAT HO for the above can be written as:
· If fullConfig flag is set for inter-RAT HO, source RBConfig (SDAP/PDCP) is not re-used at the target side.
· All (remaining) source side configuration is released after completion of the inter-RAT HO.

Thus, all that is required for inter-RAT (intra-system) HO  is to reuse the SDAP/PDCP configurations from the source RAT when fullConfig flag is not set in an inter-RAT HO RRCReconfiguration message.  

Proposal #2: When fullConfig flag is not set in the target RRCReconfiguration message during inter-RAT HO, the source RAT SDAP/PDCP configurations are re-used in the target RAT.  
This implies that fullConfig flag is always set for inter-system inter-RAT HO.

Application of the default configuration is discussed further below
Issues with the current specification for inter-RAT HO
Use of fullConfig flag and procedural text 
As discussed above, the fullConfig flag (from intra-RAT HO) was re-used for inter-RAT HO to indicate whether delta configuration of the SDAP/PDCP configurations from the source is applicable.  The current procedure for inter-RAT HO also calls the behaviour in the fullConfig section; for example in LTE RRC §5.4.2.3 on HO to E-UTRA (note that this was added new for intra-system HO):
1>	if the RRCConnectionReconfiguration message includes the fullConfig:
2>	perform the radio configuration procedure as specified in 5.3.5.8;
However, as discussed above, the procedure in 5.3.5.8 on Radio Configuration involving full configuration option should not apply for inter-RAT HO.

Observation # 4: Inter-RAT HO handling of fullConfig flag should not re-use the behaviour of the intra-RAT HO full Configuration option and should be changed.

Further, there is currently no normative text that the source SDAP/PDCP configurations are used by the target if fullConfig flag is not set.   There is just a NOTE saying “delta can be used”:
NOTE:	If the UE is connected to 5GC of the source E-UTRA cell, the delta configuration for PDCP and SDAP can be used for intra-system inter-RAT handover.
Observation # 5: There is no normative text to have UE apply the source RAT SDAP/PDCP configurations in the target RAT when fullConfig flag is not used.  

Default configurations
Another aspect to consider is the handling of “default/initial” configuration during inter-RAT HO.
Handover to E-UTRA
In case of HO to E-UTRA, the use of default configuration physical channel, semi-persistent, MAC main configurations and for timer T310, T311 and constant N310, N311 are the same in fullConfig and inter-RAT sections.  The main difference is the initial configuration for SRB.
The fullConfig section behaviour results in applying the default RLC configuration and logical channel configuration for the SRBs, and explicitly signalled configuration is applied as a delta on top of these defaults.  This behaviour is not included in inter-RAT HO to E-UTRA section and hence will not be applied when fullConfig flag is not set.  This results in a different behaviour and different initial configuration (that forms the basis for delta configuration of the lower layers of the SRBs) during inter-RAT HO to E-UTRA/EPC from GERAN/UTRAN (where the fullConfig bit will not be set) and Inter-system inter-RAT HO from NR (where the fullConfig bit will be set).  There is no real reason to have different behaviours for the lower layers of the SRBs during inter-RAT HO to E-UTRA. A consequence of this difference in behaviour is that the eNB needs to know whether the handover is from GERAN/UTRA or from NR and construct the RRC Connection Reconfiguration differently for the different cases. eNBs that already support inter-RAT HO to E-UTRA will need to be upgraded to behave differently for inter-RAT HOs from NR to E-UTRA and this breaks the source adapts to target principle
Observation #6: Lower layers of the SRBs are configured differently for different inter-RAT HO to E-EUTRA scenarios unnecessarily and also breaking the convention of “source adapts to target”.
However, correcting this will change the behaviour and hence will be non-backward compatible.  Hence:
Proposal #3: Discuss if it is mandatory to set fullConfig flag for inter-system inter-RAT HO to LTE that results in different eNB and UE LTE behaviours depending on whether the source is GERAN/UTRAN or NR.  That is, if it is better to align lower layer configurations for all scenarios for inter-RAT HO to E-UTRA and follow the convention of “source adapts to target”.  

Handover to NR
[bookmark: _Toc5285107]In case of HO to NR, there is no behaviour defined specifically in the section on inter-RAT mobility to NR (5.4.2.3	Reception of the RRCReconfiguration by the UE) and instead refers to the common handling of RRCReconfiguration message (5.3.5 for intra-RAT and inter-RAT).  When the fullConfig flag is set, the same behaviour applies for inter-RAT and intra-RAT.  
The fullconfig section, when applied (i.e., when fullConfig flag is set), requires UE to use the default configurations for: 
timers T310, T311 and constants N310, N311;
L1 parameter values as specified in corresponding physical layer specifications except for the parameters for which values are provided in SIB1;
MAC Cell Group configuration as specified in 9.2.2;
SRB configuration defined in 9.2.1 for the corresponding SRB;
These will then be applied for all inter-system HO but may not be applied for intra-system HO to NR depending on whether fullConfig flag is set.  Note that the default L1 and MAC cell group are applied in all other intial setup scenarios (Setup, Re-establishment, Resume) and for comparison, also for inter-RAT HOs to LTE.  There is no real reason to have different handling of the lower layers for these different scenarios.  This omission of not applying defaults during all the inter-RAT HO to NR scenarios looks like an error rather than intentional.  
Observation #7: Default L1 and MAC configurations are not applied for inter-RAT HO to NR if fullConfig flag is not set.  This is the only scenario where the defaults are not applied.  This is possibly an oversight and there is no reason for having a different handling for this particular case. 
However, correcting this will change the behaviour and is hence non-backward compatible.  Hence:
Proposal #4: Discuss whether to align the lower layer default configurations for all inter-RAT HO to NR.

Releasing the source RAT configuration
After completion of the inter-RAT HO, the source RAT configuration is released.  The current specification text is as follows in NR RRC specification:  

1>	if the E-UTRA RRCConnectionReconfiguration message included in the received MobilityFromNRCommand does not include fullConfig:
2>	maintain source RAT configuration of PDCP and SDAP for applicable RBs which is used for target RAT RBs;
1>	else:
2>	release the associated PDCP entity and SDAP entity for all established RBs;
There are couple of issues with the way this is handling the inter-RAT intra-system scenario.

· The current specification text on intra-system HO  in the source RAT RRC checks the presence of the fullConfig flag setting in the target  RAT RRCReconfiguration message to define a behaviour. This cross RRC behaviour should not be used.
· Current specification text says “maintain [..] RBs which is used for target RAT RBs.”  This is not entirely correct.  
· Note also that when delta configuration is used, the SDAP/PDCP for all the RBs are moved over to the target RAT.  It is up to the target to ensure that any RBs that are not “used by new RAT” are explicitly deleted using DRBrelease list.  It cannot be done implicitly in the procedural text because if the target is OK with the source SDAP/PDCP configuration it won’t include the DRB in either addMod or release list.  So a DRBid not included in the addMod list is not an indication that the DRB is not re-used by the target RAT.
· This text is referring to maintaining configuration that is already in the target side RRC.  Source RRC specification should not do that directly.
Observation #8: current specification text in section about releasing source RAT configuration mixes fields and procedures between source RRC and target RRC.  It also does not capture correctly what is released when fullConfig flag is set.  
Suggested corrections
Handling of fullConfig flag in the target RRCReconfiguration message
All that is required for inter-RAT (intra-system) HO  is to reuse the SDAP/PDCP configurations from the source RAT when fullConfig flag is not set in an inter-RAT HO RRCReconfiguration message and the procedure related intra-RAT fullConfig should be used.  This can be captured directly in the RRC RRCReconfiguration message handling related to inter-RAT HO.  For example in LTE RRC (for inter-RAT HO to E-UTRAN) in HO to E-UTRAN section processing of RRCReconfiguration message:
1>	if the RRCConnectionReconfiguration message does not includes the fullConfig:
2>	re-use the source RAT SDAP and PDCP configurations if available (i.e., configuration in source NR);perform the radio configuration procedure as specified in 5.3.5.8;
1>	else:
12>	apply the default physical channel configuration as specified in 9.2.4;
12>	apply the default semi-persistent scheduling configuration as specified in 9.2.3;
12>	apply the default MAC main configuration as specified in 9.2.2;
[..] 
Handling of release of the source RAT configuration after completion of inter-RAT HO
As discussed above, the target RAT fields or configurations should not be captured in this section.  It is sufficient to simply release all of (remaining) the source RAT configuration.  To help with the understanding, a NOTE could be used to clarify that the configurations moved to the target side is not released.  For example, in NR RRC (for inter-RAT HO to E-UTRAN) section Successful completion of the mobility from NR: processing of RRCReconfiguration message:
1>	release all radio resources, including release of the RLC entity and the MAC configuration;
1>	if the E-UTRA RRCConnectionReconfiguration message included in the received MobilityFromNRCommand does not include fullConfig:
2>	maintain source RAT configuration of PDCP and SDAP for applicable RBs which is used for target RAT RBs;
1>	else:
2>release the associated PDCP entity and SDAP entity for all established RBs;
NOTE: 	Only the PDCP and SDAP source RAT configurations are released.  PDCP and SDAP configurations reconfigured and re-used by target RAT when delta signalling is used for inter-RAT intra-system HO are not released as part of this procedure.  
1>	indicate the release of the RRC connection to upper layers together with the release cause 'other'.
Similar mirror changes can also be applied for inter-RAT HO to NR.  TPs including all the changes are shown below.
Proposal #5: Consider the changes along the lines shown above.
The CRs for 38.331 and 36.331 are provided in [4][5].
Summary and proposals
The following observations and proposals were made:
Observation #1: The behaviour for legacy RATs during inter-RAT HO is that delta configuration is not applied and the target provides the “full” configuration.  
Observation #2: The source RAT configuration is released after successful completion of inter-RAT HO and is captured in the source RAT RRC specification.
Observation #3: The current behaviour in fullConfig procedural section was written for intra-RAT HO.  It is confusing and incorrect when applied for inter-RAT HO.

Observation # 4: Inter-RAT HO handling of fullConfig flag should not re-use the behaviour of the intra-RAT HO full Configuration option and should be changed.

Observation # 5: There is no normative text to have UE apply the source RAT SDAP/PDCP configurations in the target RAT when fullConfig flag is not used.  
Observation #6: Lower layers of the SRBs are configured differently for different inter-RAT HO to E-EUTRA scenarios unnecessarily and also breaking the convention of “source adapts to target”.
Observation #7: Default L1 and MAC configurations are not applied for inter-RAT HO to NR if fullConfig flag is not set.  This is the only scenario where the defaults are not applied.  This is possibly an oversight and there is no reason for having a different handling for this particular case.  
Observation #8: current specification text in section about releasing source RAT configuration mixes fields and procedures between source RRC and target RRC.  It also does not capture correctly what is released when fullConfig flag is set.  
Proposals
Proposal #1: Current behaviour in fullConfig procedural section should not be used for inter-RAT HO.
Regarding higher layer (SDAP/PDCP behaviour: 
Proposal #2: When fullConfig flag is not set in the target RRCReconfiguration message during inter-RAT HO, the source RAT SDAP/PDCP configurations are re-used in the target RAT.  This implies that fullConfig flag is always set for inter-system inter-RAT HO.

Regarding default/initial lower layer configurations:
Proposal #3: Discuss if it is mandatory to set fullConfig flag for inter-system inter-RAT HO to LTE that results in different eNB and UE LTE behaviours depending on whether the source is GERAN/UTRAN or NR.  That is, if it is better to align lower layer configurations for all scenarios for inter-RAT HO to E-UTRA and follow the convention of “source adapts to target”.  

Proposal #4: Discuss whether to align the lower layer default configurations for all inter-RAT HO to NR.
Proposal #5: Consider the changes along the lines shown in section 3.3 and the corresponding CRs [4][5].
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