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Introduction
In LTE, in order to prevent UE from exceeding its capability for band combination, measurement and DRB support during message processing, it adopts a procedure text approach where UE will perform a release action first before an addition action.
However, for EN-DC, SN NR message may be embedded in the MN LTE message. In such case, using procedure text of ensuring release first before addition is not sufficient, as the release and addition have to be coordinated across the processing of the separate messages. Otherwise, the UE may trigger configuration error due to UE capability exceeded during the processing of the messages, if processing the messages in isolation.
This contribution discusses the issue in detail and makes proposals on how to handle this.
Discussion
Background
LTE adopts a procedure text approach where UE will perform according to procedure text such that a release action is performed first before an addition action within a single RRC message. This sequence ensures that UE capability is not exceeded even during the processing of the message.
Examples of such text are as follow:
(1) In SCell management in CA in MCG during RRC Connection reconfiguration (Section 5.3.5.3):
…..
1>	if the received RRCConnectionReconfiguration includes the sCellToReleaseList:
2>	perform SCell release as specified in 5.3.10.3a;
1>	if the received RRCConnectionReconfiguration includes the sCellToAddModList:
2>	perform SCell addition or modification as specified in 5.3.10.3b;
…..
(2) In SCell management in CA in SCG during RRC Connection reconfiguration (Section 5.3.10.10):
…..
2>	if the received scg-ConfigPartSCG includes the sCellToReleaseListSCG:
3>	perform SCell release for the SCG as specified in 5.3.10.3a;
2>	if the received scg-ConfigPartSCG includes the pSCellToAddMod:
3>	perform PSCell addition or modification as specified in 5.3.10.3c;
NOTE 0:	This procedure is also used to release the PSCell e.g. PSCell change, SI change for the PSCell.
2>	if the received scg-ConfigPartSCG includes the sCellToAddModListSCG:
3>	perform SCell addition or modification as specified in 5.3.10.3b;
…..
The above approach is not sufficient to prevent (re)configuration error due to capability exceeded in the case of EN-DC operation as 2 separate RRC messages (LTE RRC message and NR RRC message) are to be processed and message handling of the 2 RRC messages are in separate specification.  We use a couple of examples to illustrate the problem for EN-DC.
Assuming that a UE may support the following band combinations for EN-DC:


The eNB may send in one single LTE message (with embedded NR message) to change the band combination for EN-DC from Band Combination A to Band Combination B. If the UE processes the LTE message and NR message independently without coordination, it may result in (re)configuration error due to capability exceeded when NR message is processed first (resulting in UE band combination of X, Y, Z, W) before the LTE message is processed. Furthermore, if the UE applied one (LTE or NR) configuration first before the other, the UE behaviour during the processing time of the combined message could be temporarily different from the intended behaviour with the configuration provided until both messages are processed and executed. 
Since it is also agreed to allow MN and SN to independently configure the measurement configuration, the above problem can also apply to measurement capability (e.g. max frequency layers the UE can monitor etc.). 
Also there are some restrictions in terms of the configuring simultaneously different bearer types e.g. simultaneous MCG split and SCG DRB etc. 
Observation#1: If the UE processes the LTE message and NR message independently without coordination, it may result in perceived (re)configuration error due to capability exceeded when for example, NR message is processed first before the LTE message is processed.
Observation #2: If the UE applied one (LTE or NR) configuration first before other, the UE behaviour during the processing time of the combined message could be temporarily different from the intended behaviour with the configuration provided until both messages are processed and executed.
Other than UE capability, the DRB ID in the messages may also require the coordination between the LTE and NR messages.  In RAN2#98, it is agreed that ‘For MR-DC the DRB ID is uniquely assigned for one UE (independent of whether it is MCG or SCG DRB)’. If LTE has DRB-ID (1,2) for MCG DRBs and NR has the DRB IDs (3 and 4) for SCG DRBs and then a reconfiguration message comes which deletes the MCG DRB in LTE (say voice service with DRB-ID 1) and adds NR with a SCG DRB (which is assigned for a data service as DRB-ID 1). If release is not done before addition then during a transient period it may result that both LTE and NR shall have DRB-ID 1 which is an invalid configuration.
Observation#3: If the UE processes the LTE message and NR message independently without coordination, it may result in perceived (re)configuration error (e.g., due non-unique DRB ID). 
Solutions
One solution is to avoid such band combination switching occurring by the network. That is, the network ensures that such band combination change does not occur in 1 RRC message. However this may not be acceptable from system performance point of view.
The alternative is to leave it to UE to avoid triggering (re)configuration error.  That is, UE will only generate reconfiguration failure due to capability exceeded if the resultant max capability, after applying the radio bearer configuration, measurement configuration and MCG configuration in the LTE message and the radio bearer configuration, measurement configuration and SCG configuration in the NR message, is exceeded. It should not base it on the application of either the LTE message or the NR message alone.
Proposal#1: UE shall generate reconfiguration failure only if the combined configuration is invalid (e.g., max capability exceeded in terms of band combination support, measurement capability and DRB support), after processing fully both LTE and NR messages.
Proposal #2: It is not considered an error if the UE behaviour during the message processing results in some intermediate configurations different from the combined configuration.
How to specify it in the LTE and NR specification
In LTE 36.331 specification, if the UE cannot comply with the configuration in the RRC Connection Reconfiguration message, it will apply the Reconfiguration Failure procedure as specified in Section 5.3.5.5. The following is an extraction of the section:
[bookmark: _Toc487673124]5.3.5.5	Reconfiguration failure
The UE shall:
1>	if the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message:
2>	continue using the configuration used prior to the reception of RRCConnectionReconfiguration message;
2>	if security has not been activated:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause other;
2>	else:
3>	initiate the connection re-establishment procedure as specified in 5.3.7, upon which the connection reconfiguration procedure ends;
NOTE 1:	The UE may apply above failure handling also in case the RRCConnectionReconfiguration message causes a protocol error for which the generic error handling as defined in 5.7 specifies that the UE shall ignore the message.
NOTE 2:	If the UE is unable to comply with part of the configuration, it does not apply any part of the configuration, i.e. there is no partial success/ failure.
A new note can be added to the section. An example of such note:
NOTE 3:	For MR-DC UE, the UE applies the above failure handling only if it is unable to comply with the combined configuration in the LTE RRC message and the embedded NR RRC message.
Alternatively, such statement can also be added to the reconfiguration failure section in the NR RRC specification.
Proposal#3: Include the following note in the Reconfiguration failure section in both LTE and NR RRC specifications:
NOTE 3:	For MR-DC UE, the UE applies the above failure handling only if it is unable to comply with the combined configuration in the LTE RRC message and the embedded NR RRC message.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Observation#1: If the UE processes the LTE message and NR message independently without coordination, it may result in perceived (re)configuration error due to capability exceeded when for example, NR message is processed first before the LTE message is processed.
Observation #2: If the UE applied one (LTE or NR) configuration first before other, the UE behaviour during the processing time of the combined message could be temporarily different from the intended behaviour with the configuration provided until both messages are processed and executed.
Observation#3: If the UE processes the LTE message and NR message independently without coordination, it may result in perceived (re)configuration error due non-unique DRB ID). 
Proposal#1: UE shall generate reconfiguration failure only if the combined configuration is invalid (e.g., max capability exceeded in terms of band combination support, measurement capability and DRB support), after processing fully both LTE and NR messages.
Proposal #2: It is not considered an error if the UE behaviour during the message processing results in some intermediate configurations different from the combined configuration.
Proposal#3: Include the following note in the Reconfiguration failure section in both LTE and NR RRC specifications:
NOTE 3:	For MR-DC UE, the UE applies the above failure handling only if it is unable to comply with the combined configuration in the LTE RRC message and the embedded NR RRC message.
The pseudo CR change is below:
5.3.5.5	Reconfiguration failure
The UE shall:
1>	if the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message:
2>	continue using the configuration used prior to the reception of RRCConnectionReconfiguration message;
2>	if security has not been activated:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause other;
2>	else:
3>	initiate the connection re-establishment procedure as specified in 5.3.7, upon which the connection reconfiguration procedure ends;
NOTE 1:	The UE may apply above failure handling also in case the RRCConnectionReconfiguration message causes a protocol error for which the generic error handling as defined in 5.7 specifies that the UE shall ignore the message.
NOTE 2:	If the UE is unable to comply with part of the configuration, it does not apply any part of the configuration, i.e. there is no partial success/ failure.
NOTE 3:	For MR-DC UE, the UE applies the above failure handling only if it is unable to comply with the combined configuration in the LTE RRC message and the embedded NR RRC message.
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