3GPP TSG-RAN WG2 Meeting #107bis	R2-1913152
Chongqing,  China, 14 – 18 October 2019	


Agenda item:	6.9.3.1
Source:	Nokia, Nokia Shanghai Bell
Title:	On RRC processing and CHO command compliance check
WID/SID:	NR_Mob_enh-Core - Release 16
Document for:	Discussion and Decision
1	Introduction
In RAN2#107 it was agreed that UE always acknowledges the RRC reconfiguration message containing the CHO commands (just as previously), but it was still left open whether UE should also immediately validate the received CHO command or whether it can be done later. The question on whether this could also require additional RRC processing time was also raised but without a conclusion.
	Agreements on CHO configuration
…
4	A RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration (execution condition, FFS target cell configuration) to the source eNB/gNB. 
FFS whether the UE is required to check the compliance of the target cell configuration within CHO configuration upon reception or whether it is allowed to check upon execution.
FFS whether different RRC processing requirements are defined for the reconfiguration with CHO command.
…



In this contribution we will discuss details of UE doing the compliance checking for the CHO command.
2	Existing Rel-15 behavior at reception of RRC(Connection)Reconfiguration
Currently, if the UE cannot comply with received RRC reconfiguration, it will immediately start re-establishment (suspending bearers, releasing secondary cells/nodes, etc.), without sending any response to the serving cell, as described in subclause 5.3.5.8.2 of TS38.331 and subclause 5.3.5.5 of TS36.331. This is needed since the network expects the UE to (decode and) apply the new RRC configuration immediately and the UE sends the response message RRC(Connection)ReconfigurationComplete to the serving cell when it finishes complying with the received RRC reconfiguration.
This applies for “RRC reconfiguration with sync” (i.e. Handover command, for which in LTE the used terminology is “RRCConnectionReconfiguration containing mobilityControlInfo”), for which the UE does not send RRC(Connection)ReconfigurationComplete immediately to the source cell but instead initiates handover execution immediately and only sends the RRC(Connection)ReconfigurationComplete to the target (i.e. new serving) cell once the handover has been completed.
Observation 1: In Rel-15, UE that cannot comply with received RRC reconfiguration, immediately triggers re-establishment procedure (since the contained configuration has to be applied immediately).
3	Behavior with CHO
It has been decided that the CHO command will also be sent using the existing  RRC Reconfiguration message. However, this action will be different from all previous RRC reconfigurations in the sense that network does NOT expect the UE to apply the new configuration immediately but 1) start monitoring given condition(s) and 2) apply the configuration upon detecting that the said condition(s) trigger(s). This immediately prompts some questions:
· Shall the UE (attempt to) decode the CHO command immediately or onlyupon triggering of the execution threshold to determine whether the UE can comply with the RRC reconfiguration?
· If the UE does not comply with the CHO command, shall it immediately initiate re-establishment as in Rel-15 or do something else?
· If the UE does validate the CHO command, shall it also inform the network of the validation result (in case re-establishment is not triggered)?
We would like to emphasize again that, different from any other RRC reconfiguration, the one carrying the CHO command is not applied immediately. That is, there is time to give the network the possibility to appropriately react on any detected non-compliance in the CHO command: Network could withdraw the CHO command (e.g. deconfigure it), send a correction of the CHO command, UE could discard the CHO command etc. This allows the UE to keep the connection (i.e. all bearers and secondary cells/nodes), avoiding the re-establishment and the associated data interruption and signaling overhead.
However, this is only possible if the UE decodes the CHO command immediately. This may imply some risk that the decoding is in vain (if the CHO to this cell eventually is not executed), but that is similar to the cost of any RRC reconfiguration. In contrast, were the CHO command evaluated only at the last moment, UE would have almost no other recourse than to trigger RLF (and subsequent re-establishment procedure), which may lead to data loss and interruption in UE service. With reasonable network implementation of CHO, UE will trigger CHO eventually and in this will not happen very often which keeps the overhead of unnecessary decoding very limited, in particular when comparing it with the massive benefits of avoiding re-establishment. From system perspective, it is always necessary to consider these error cases and design the feature so that they can be avoided where possible, and defined to such extent that UE can recover from them where necessary.
Furthermore, decoding upon reception of CHO command reduces the handover interruption time, since data transmission is continued during decoding of the HO command. And since the CHO conditions are part of the RRC reconfiguration containing the CHO command, UE can anyway only start monitoring those once the entire RRC reconfiguration message has been parsed. Doing decoding of CHO command only upon execution of the HO would lead to additional interruption. It should also be noted that this could cause UE to trigger RLF and re-establishment in perfectly good radio conditions within the source cell, without the source cell doing anything wrong, which could lead to operational error cases that are not easy to understand, leading to potentially increased OPEX when deploying such a feature.
Finally, it is very obvious that, in order to postpone the compliance check to the execution, at least a part of the RRC reconfiguration has to be decoded anyway; the UE needs to at least understand 1) the fact that it is a CHO command and 2) the execution condition. Hence, it is questionable how large the gain of postponing the decoding is, whether it is possible at all and 3) whether it makes sense to design CHO so that source cell may experience RLFs due to target cell errors.
Proposal 1: The UE decodes the CHO command upon reception of the RRC reconfiguration.
Obviously, when the decoding is done early upon reception of the RRC reconfiguration, non-compliance shall not lead to re-establishment; otherwise the benefits described above cannot be leveraged. Network should also be informed of this to ensure recovery from such error cases at the network side. Instead, similar to the normal RRC reconfigurations (other than HO Command), the UE shall send a RRC(Connection)ReconfigurationComplete message back to the (source) serving cell, but with a new information element which indicates that a specific CHO command was found to be erroneous.
[bookmark: _GoBack]Proposal 2: If a received CHO command would trigger re-establishment, UE indicates the CHO command ID to the network but shall not trigger re-establishment.
It should also be decided what to do for the failed CHO commands: Does the UE retain them, or does it immediately discard them as invalid after informing the network? This ties to the question of delta signalling as well: Can the network modify already-signalled CHO commands (so that delta signalling applies) or are they always signalled “from scratch” (so that any CHO command can be applied without previously signalled CHO command parts)? Both have their merits, but require a decision on how the delta signalling applies for CHO commands first.
Observation 2: It is not feasible to decide on what to do for “failed” CHO commands until it has been decided how to handle delta signalling of CHO commands.
It has been decided, that a single RRC reconfiguration may contain multiple CHO commands (for multiple target candidates). It may happen that the UE can not comply with one of the CHO commands, but it does comply with the others. The behavior in this case has to be clarified. In the simplest case, the UE would send RRC(Connection)ReconfigurationComplete indicating non-compliance of the whole RRC reconfiguration. Obviously, this is suboptimal since the network does not know which CHO command was invalid, and therefore has to repeat all CHO commands, including the perfectly valid ones. Instead, the aforementioned non-compliance information in the RRC(Connection)ReconfigurationComplete message shall be provided separately for each CHO target candidate included in the corresponding RRC reconfiguration.
Annex A also contains a TP illustrating the ASN.1 and procedural text for the CHO command validation.
4	Conclusion
We have discussed the checking of CHO command with the following observations and proposals: 
Observation 1: In Rel 15, UE that cannot comply with received RRC reconfiguration  immediately triggers re-establishment procedure (since the contained configuration has to be applied immediately).
Observation 2: It is not feasible to decide on what to do for “failed” CHO commands until it has been decided how to handle delta signalling of CHO commands.
Proposal 1: The UE decodes the CHO command upon reception of the RRC reconfiguration.
Proposal 2: If a received CHO command would trigger re-establishment, UE indicates the CHO command ID to the network but shall not trigger re-establishment.
Consequently, Annex A also contains a TP illustrating the ASN.1 and procedural text for the CHO command validation.












Annex A: TP for indicating CHO command failures

<NEXT CHANGE >
[bookmark: _Toc12717993]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration:
1>	if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):
2>	if the RRCReconfiguration does not include the fullConfig and the UE is connected to 5GC (i.e., delta signalling during intra 5GC handover):
3>	re-use the source RAT SDAP and PDCP configurations if available (i.e., current SDAP/PDCP configurations for all RBs from source E-UTRA RAT prior to the reception of the inter-RAT HO RRCReconfiguration message);
1>	else:
2>	if the RRCReconfiguration includes the fullConfig:
3>	perform the full configuration procedure as specified in 5.3.5.11;
1>	if the RRCReconfiguration includes the masterCellGroup:
2>	perform the cell group configuration for the received masterCellGroup according to 5.3.5.5;
1>	if the RRCReconfiguration includes the masterKeyUpdate:
2>	perform AS security key update procedure as specified in 5.3.5.7;
1>	if the RRCReconfiguration includes the sk-Counter:
2>	perform security key update procedure as specified in 5.3.5.7;
1>	if the RRCReconfiguration includes the secondaryCellGroup:
2>	perform the cell group configuration for the SCG according to 5.3.5.5; 
1>	if the RRCReconfiguration includes the mrdc-SecondaryCellGroupConfig:
2>	if the mrdc-SecondaryCellGroupConfig is set to setup:
3>	if the mrdc-SecondaryCellGroupConfig includes mrdc-ReleaseAndAdd:
4>	perform MR-DC release as specified in section 5.3.5.10;
3>	if the received mrdc-SecondaryCellGroup is set to nr-SCG:
4>	perform the RRC reconfiguration according to 5.3.5.3 for the RRCReconfiguration message included in nr-SCG;
3>	if the received mrdc-SecondaryCellGroup is set to eutra-SCG:
4>	perform the RRC connection reconfiguration as specified in TS 36.331 [10], clause 5.3.5.3 for the RRCConnectionReconfiguration message included in eutra-SCG;
2>	else (mrdc-SecondaryCellGroupConfig is set to release):
3>	perform MR-DC release as specified in section 5.3.5.10;
1>	if the RRCReconfiguration message includes the radioBearerConfig:
2>	perform the radio bearer configuration according to 5.3.5.6;
1>	if the RRCReconfiguration message includes the radioBearerConfig2:
2>	perform the radio bearer configuration according to 5.3.5.6;
1>	if the RRCReconfiguration message includes the measConfig:
2>	perform the measurement configuration procedure as specified in 5.5.2;
1>	if the RRCReconfiguration message includes the dedicatedNAS-MessageList:
2>	forward each element of the dedicatedNAS-MessageList to upper layers in the same order as listed;
1>	if the RRCReconfiguration message includes the dedicatedSIB1-Delivery:
2>	perform the action upon reception of SIB1 as specified in 5.2.2.4.2;
1>	if the RRCReconfiguration message includes the dedicatedSystemInformationDelivery:
2>	perform the action upon reception of System Information as specified in 5.2.2.4;
1>	if the RRCReconfiguration message includes the otherConfig:
2>	perform the other configuration procedure as specified in 5.3.5.9;
1>	if the RRCReconfiguration message includes the cho-ToReleaseList:
2>	perform the CHO command release procedure as specified in 5.3.5.X.1;
1>	if the RRCReconfiguration message includes the cho-ToAddModList:
2>	perform the CHO command addition procedure as specified in 5.3.5.X.2;
1>	set the content of RRCReconfigurationComplete message as follows:
2>	if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrent; or
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrent:
3>	include the uplinkTxDirectCurrentList for each serving cell with UL;
3>	if UE is configured with SUL carrier:
4>	include uplinkDirectCurrentBWP-SUL for each serving cell with SUL within the uplinkTxDirectCurrentList;
2>	if the received RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to eutra-SCG:
3>	include eutra-SCG-Response within scg-Response in accordance with TS 36.331 [10] clause 5.3.5.3;
2> if the received RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to nr-SCG:
3>	include nr-SCG-Response within scg-Response;
1>	if the UE is configured with E-UTRA nr-SecondaryCellGroupConfig (MCG is E-UTRA):
2>	if RRCReconfiguration was received via SRB1:
3>	submit the RRCReconfigurationComplete via the E-UTRA MCG embedded in E-UTRA RRC message RRCConnectionReconfigurationComplete as specified in TS 36.331 [10];
3>	if reconfigurationWithSync was included in spCellConfig of an SCG:
4>	initiate the Random Access procedure on the SpCell, as specified in TS 38.321 [3];
3>	else:
4>	the procedure ends;
NOTE 1:	The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.
2>	else (RRCReconfiguration was received via SRB3):
3>	submit the RRCReconfigurationComplete message via SRB3 to lower layers for transmission using the new configuration;
NOTE 2:	In (NG)EN-DC and NR-DC, in the case RRCReconfiguration is received via SRB1, the random access is triggered by RRC layer itself as there is not necessarily other UL transmission. In the case RRCReconfiguration is received via SRB3, the random access is triggered by the MAC layer due to arrival of RRCReconfigurationComplete.
1>	else if RRCReconfiguration message was received within the nr-SCG within mrdc-SecondaryCellGroup (NR SCG RRC Reconfiguration):
2>	if reconfigurationWithSync was included in spCellConfig in nr-SCG:
3>	initiate the Random Access procedure on the PSCell, as specified in TS 38.321 [3];
2>	else
3>	the procedure ends;
1>	else if RRCReconfiguration was received via SRB3:
2>	submit the RRCReconfigurationComplete message via SRB3 to lower layers for transmission using the new configuration;
1>	else (MCG RRCReconfiguration):
2>	submit the RRCReconfigurationComplete message via SRB1 to lower layers for transmission using the new configuration;
2>	if this is the first RRCReconfiguration message after successful completion of the RRC re-establishment procedure:
3>	resume SRB2 and DRBs that are suspended;
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;
2>	stop timer T304 for that cell group;
2>	apply the parts of the CQI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;
2>	apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG:
3>	if T390 is running:
4>	stop timer T390 for all access categories;
4>	perform the actions as specified in 5.3.14.4.
3>	if RRCReconfiguration does not include dedicatedSIB1-Delivery and
3>	if the active downlink BWP, which is indicated by the firstActiveDownlinkBWP-Id for the target SpCell of the MCG, has a common search space configured by searchSpaceSIB1:
4>	acquire the SIB1, which is scheduled as specified in TS 38.213 [13], of the target SpCell of the MCG;
4>	upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2;
2>	the procedure ends.
NOTE 3:	The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.

<NEXT CHANGE >
5.3.5.X	CHO handling at UE
[bookmark: _Toc20425705]5.3.5.X.1	CHO command release
The UE shall:
1>	for each cho-ConfigId value included in the cho-ToReleaseList that is part of the current UE configuration:
2>	stop monitoring the CHO triggering condition(s) corresponding to the cho-ConfigId;
2>	release the CHO configuration stored within VarCHO-CommandList corresponding to the cho-ConfigId.
[bookmark: _Toc20425706]5.3.5.X.2	CHO command addition/modification
For each CHO-Configuration received in the cho-ToAddModList IE the UE shall:
1>	if the VarCHO-CommandList contains a CHO configuration with the received cho-ConfigId:
2>	reconfigure the CHO command corresponding to the cho-ConfigId within VarCHO-CommandList  in accordance with the received cho-Configuration corresponding to the cho-ConfigId;
2>	start monitoring the CHO triggering condition according for the CHO command configuration as specified in 5.3.5.X.3.
NOTE:	This replaces both the existing CHO triggering conditions as well as the CHO command (whichever is present in the received CHO configuration)
1>	else (a CHO command with the given cho-ConfigId was not configured before):
2>	add the CHO command corresponding to the cho-ConfigId to VarCHO-CommandList  in accordance with the received cho-Configuration corresponding to the cho-ConfigId;
2>	start monitoring the CHO triggering condition according for the CHO command configuration.
1>	if the CHO configuration with the received cho-ConfigId would trigger RRC re-establishment:
2>	include the cho-ConfigId within failedCHO-CommandList in RRCReconfigurationComplete.
5.3.5.X.3	Monitoring CHO triggering conditions
The UE shall:
1>	for each triggering condition within CHO command included in the VarCHO-CommandList:
2>	if the CHO triggering command is fulfilled:
3>	execute the RRCReconfiguration within the CHO command as specified in 5.3.5.3:

[bookmark: _Toc12718187]<NEXT CHANGE >
–	RRCReconfigurationComplete
The RRCReconfigurationComplete message is used to confirm the successful completion of an RRC connection reconfiguration.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network
RRCReconfigurationComplete message
-- ASN1START
-- TAG-RRCRECONFIGURATIONCOMPLETE-START

RRCReconfigurationComplete ::=              SEQUENCE {
    rrc-TransactionIdentifier                   RRC-TransactionIdentifier,
    criticalExtensions                          CHOICE {
        rrcReconfigurationComplete                  RRCReconfigurationComplete-IEs,
        criticalExtensionsFuture                    SEQUENCE {}
    }
}

RRCReconfigurationComplete-IEs ::=          SEQUENCE {
    lateNonCriticalExtension                    OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v1530-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1530-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentList                   UplinkTxDirectCurrentList                                               OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v1560-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1560-IEs ::=    SEQUENCE {
    scg-Response                                CHOICE {
        nr-SCG-Response                                 OCTET STRING,
        eutra-SCG-Response                              OCTET STRING
    }                                                                                                                   OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v16xy-IEsSEQUENCE {}                                                             OPTIONAL
}

RRCReconfigurationComplete-v16xy-IEs ::=    SEQUENCE {
    failedCHO-CommandList                   	CHO-ConfigIdList-r16                                                    OPTIONAL,
    nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}


-- TAG-RRCRECONFIGURATIONCOMPLETE-STOP
-- ASN1STOP

	RRCReconfigurationComplete-IEs field descriptions

	failedCHO-CommandList
Indicates the list of CHO command IDs that failed RRC validation and trigger RRC re-establishment upon HO execution.

	scg-Response
In case of NR-DC (nr-SCG-Response), this field includes the RRCReconfigurationComplete message. In case of NE-DC (eutra-SCG-Response), this field includes the E-UTRA RRCConnectionReconfigurationComplete message as specified in TS 36.331 [10].

	uplinkTxDirectCurrentList
The Tx Direct Current locations for the configured serving cells and BWPs if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).



<NEXT CHANGE >

[bookmark: _Toc20426219]7.4	UE variables
NOTE:	To facilitate the specification of the UE behavioural requirements, UE variables are represented using ASN.1. Unless explicitly specified otherwise, it is however up to UE implementation how to store the variables. The optionality of the IEs in ASN.1 is used only to indicate that the values may not always be available.
[bookmark: _Toc20426220]–	NR-UE-Variables
This ASN.1 segment is the start of the NR UE variable definitions.
-- ASN1START
-- NR-UE-VARIABLES-START

NR-UE-Variables DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS
    CellIdentity,
	CHO-Configuration-r16,
    EUTRA-PhysCellId,
    MeasId,
    MeasIdToAddModList,
    MeasObjectToAddModList,
    PhysCellId,
    RNTI-Value,
    ReportConfigToAddModList,
    RSRP-Range,
    QuantityConfig,
    maxNrofCellMeas,
    maxNrofMeasId
FROM NR-RRC-Definitions;

-- NR-UE-VARIABLES-STOP
-- ASN1STOP

[bookmark: _Toc20426225]–	VarCHO-CommandList
The UE variable VarCHO-CommandList specifies the CHO configurations stored by the UE, which contain both the monitored CHO triggering conditions as well as the configuration used CHO execution when the triggering condition is fulfulled.
VarCHO-CommandList variable
-- ASN1START
-- TAG-VARCHO-COMMANDLIST-START

VarCHO-CommandList ::=  SEQUENCE {
	cho-CommandList-r16				CHO-ConfigurationList-r16 	OPTIONAL
}


-- TAG-VARCHO-COMMANDLIST-STOP
-- ASN1STOP

	VarShortMAC-Input field descriptions

	cho-CommandList
The list of configured CHO command configurations.



