3GPP TSG-RAN WG2 Meeting #106	R2-1909009
Prague, Czech Republic, 26 – 30 August 2019	


Agenda item:	11.9.3.1
Source:	Nokia, Nokia Shanghai Bell
Title:	RRC configuration of CHO commands
WID/SID:	LTE_feMOB-Core/NR_Mob_enh-Core - Release 16
Document for:	Discussion and Decision
1	Introduction
Since there can be more than one CHO candidate cell configured for a UE, the topic of how to configure and release the CHO configurations has been on the table for a while. There seem to be varying interpretations on how to configure the CHO, how to modify the existing CHO candidate cells (including modifying the configuration for CHO command for a particular cell) and how to release one or all of the CHO candidate cells. 
In this contribution, we discuss the possible options how to handle these and provide example of how CHO can be easily configured within the existing RRC context.
2	Legacy handover command and handover execution
In LTE, the legacy HO command is defined using the IE MobilityControlInfo as shown below:
MobilityControlInfo ::=		SEQUENCE {
	targetPhysCellId					PhysCellId,
	carrierFreq							CarrierFreqEUTRA					OPTIONAL,	-- Cond HO-toEUTRA2
	carrierBandwidth					CarrierBandwidthEUTRA				OPTIONAL,	-- Cond HO-toEUTRA
	additionalSpectrumEmission			AdditionalSpectrumEmission			OPTIONAL,	-- Cond HO-toEUTRA
	t304								ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, ms10000-v1310},
	newUE-Identity						C-RNTI,
	radioResourceConfigCommon			RadioResourceConfigCommon,
	rach-ConfigDedicated				RACH-ConfigDedicated				OPTIONAL,	-- Need OP
	...,
	[[	carrierFreq-v9e0				CarrierFreqEUTRA-v9e0				OPTIONAL	-- Need ON
	]],
	[[	drb-ContinueROHC-r11			ENUMERATED {true}					OPTIONAL	-- Cond HO
	]],
	[[	mobilityControlInfoV2X-r14	MobilityControlInfoV2X-r14				OPTIONAL,	-- Need ON
		handoverWithoutWT-Change-r14	ENUMERATED {keepLWA-Config, sendEndMarker}	OPTIONAL,	-- Cond HO
		makeBeforeBreak-r14				ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-Skip-r14					RACH-Skip-r14						OPTIONAL,	-- Need OR
		sameSFN-Indication-r14			ENUMERATED {true}					OPTIONAL	-- Cond HO-SFNsynced
	]],
	[[
		mib-RepetitionStatus-r14		BOOLEAN								OPTIONAL,	-- Need OR
		schedulingInfoSIB1-BR-r14		INTEGER (0..31)						OPTIONAL	-- Cond HO-SFNsynced
	]]
}

In NR, the HO command is defined via the IE ReconfigurationWithSync as shown below:

ReconfigurationWithSync ::=         SEQUENCE {
    spCellConfigCommon                  ServingCellConfigCommon                                         OPTIONAL,   -- Need M
    newUE-Identity                      RNTI-Value,
    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    rach-ConfigDedicated                CHOICE {
        uplink                              RACH-ConfigDedicated,
        supplementaryUplink                 RACH-ConfigDedicated
    }                                                                                               OPTIONAL,   -- Need N
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]]
}

The commonality with both is that the inclusion of the field using those IEs triggers random access and indicates to the UE with which C-RNTI to access the target cell, using the given PCell configuration and T304 value. However, since the UE applies these values immediately upon reception of the HO command, there is no “memory” for retaining them in UE configuration in the same way as other configurations are received. Even if the handover fails, it has been left purely up to UE implementation how to “revert” back to the source cell configuration, i.e. UE has to anyway retain the source cell configuration for a while during the HO execution. Therefore, there has never been any need to “store” the handover commands at UE side.
Observation 1: In legacy handovers (for both LTE and NR), UE never “stores” the HO command and it’s never “released” from ASN.1 configuration.
Further, the entire message that is sent to the UE when performing the handover is actually generated by the target cell and transparently passed to the UE by the source cell. This can be seen from the HandoverPreparation INM as shown below, which also shows that for LTE, the entire DCCH-message is sent whereas in NR only the RRCReconfiguration is used (so that the source cell is responsible for wrapping the message in the DCCH-Message): 
LTE INM HandoverCommand:
HandoverCommand ::=					SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			handoverCommand-r8					HandoverCommand-r8-IEs,
			spare7 NULL,
			spare6 NULL, spare5 NULL, spare4 NULL,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

HandoverCommand-r8-IEs ::=			SEQUENCE {
	handoverCommandMessage				OCTET STRING (CONTAINING DL-DCCH-Message),
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

NR INM HandoverCommand:
HandoverCommand ::=                 SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            handoverCommand                     HandoverCommand-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

HandoverCommand-IEs ::=             SEQUENCE {
    handoverCommandMessage              OCTET STRING (CONTAINING RRCReconfiguration),
    nonCriticalExtension                SEQUENCE {}                                        OPTIONAL
}


[bookmark: _GoBack]Therefore, the message sent to the UE cannot be the exact same message as used for the conventional handover, as it would otherwise cause UE to act according to it immediately, or somehow “store” the message in UE variables. In particular, it is not well-suited for “AddModRelease” type of configurations, which would be a requirement for the CHO. Further, since the source cell cannot modify the target cell message in any way, adding any content to it would not work, so modification of the command to take the current source cell configuration is not simple.
Observation 2: The existing structure of conventional HO command is not well-suited for adding, modifying or releasing multiple CHO commands.
3	Configuration of CHO command
3.0	CHO Agreements in RAN2#106
For reference, the following agreements were made concerning CHO execution condition in RAN2#106:
Agreements
2	The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)

Agreements
1:	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)
3	As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, singe quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR
3.2	The single RS type can be configured to be SSB or CSI-RS
FFS Whether multiple triggering conditions are required.

We will discuss the consequences of these in the following sections.
3.1	CHO execution condition
For CHO execution condition, the agreements state that a measurement identity is reused for CHO execution condition, but the measurement identity does not trigger a measurement report. There are two obvious possibilities for configuring this: 1) Reuse existing measId and mark it somehow to not trigger measurement reporting or 2) create a dedicated measId (in parallel to the existing measIDs) for the CHO execution conditions. The first choice would mainly require a new field in the reporting configuration (which tells that the configuration never triggers a report), whereas the second could allow creating an entirely separate reporting configuration which only contains the CHO-specific events.
However, the first approach seems sufficient given that the ReportConfigNR anyway allows creating a separate reportType for the CHO and stays within the limits of the existing framework. 
Proposal 1: Extend reportType in ReportConfigNR to account for the CHO execution configuration.
An ASN.1 example of this is shown below (with yellow highlighting).
ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
        reportSFTD                                  ReportSFTD-NR
        ]],
		conditionalHO									 CHO-Event-r16
    }
}
We also note that using this structure allows us to prune out unnecessary parameters from the configuration: Many of the reporting configuration parameters deal with the reported quantities, but since the CHO execution condition does trigger a report, they are unnecessary.
Observation 3: The parameters controlling measurement reporting are unnecessary for CHO configuration.
3.2	Multiple triggering quantities for CHO
As per RAN2#106, a single event, triggering condition and RS type was agreed as the baseline for the CHO triggering configuration. Further, only events A3/A5 were agreed to be considered (at least for now). This means that these are the only parameters needed
Proposal 2: The CHO event configuration should contain at least RS type and triggering condition threshold(s).
We also note that it was not discussed explicitly whether the reporting configuration parameters for TTT and hysteresis can be used for CHO triggering. Given that these are parts of normal measurement even evaluation, it seems reasonable to assume the same also for CHO to allow exact same HO triggering as for legacy HO.
Proposal 3: Reuse the TTT and hysteresis also for CHO execution condition. 
Additionally, it was discussed whether multiple triggering conditions could be required. While these depend on deployment scenarios, there are cases where it is desirable to check that e.g. both RSRP and RSRQ are sufficiently good to do handover: For example, it is possible that (an inter-frequency) cell’s RSRP is very good but it’s RSRQ is bad (due to e.g. heavy load), in which case it is not always desirable to trigger the handover. Normally these can be checked by the network when receiving the measurement report, but for CHO UE makes all the decisions. Further, UE is anyway doing the measurements of the neighbour cells based on multiple measurement quantities, so allowing multiple triggering conditions is not expected to require extra measurement activity from the UE. However, it can be discussed whether this requires its own UE capability. 
Observation 4: Disallowing multiple triggering conditions would limit network tools compared to the legacy HO.
Therefore, to allow the same potential for network control, we think it would be necessary to allow configure more than one triggering conditions for the same CHO event.
Proposal 4: Allow multiple triggering conditions for CHO (e.g. both RSRP and RSRQ) as a separate UE capability.
These can be also done in a straightforward manner for ASN.1 as shown below:
CHO-Config-r16::=                       SEQUENCE {
	targetCell									PhysCellId,
    choEventList-r16							CHO-EventList-r16,
    ...
}

CHO-EventList-r16 ::= SEQUENCE (SIZE(1..maxCHO-Triggers-r16)) OF CHO-Event-r15

CHO-Event-r16 ::=  CHOICE {
    eventA3                             SEQUENCE {
        a3-Offset                           MeasTriggerQuantityOffset,
    },
    eventA5                             SEQUENCE {
        a5-Threshold1                       MeasTriggerQuantity,
        a5-Threshold2                       MeasTriggerQuantity,
    },
    hysteresis                              Hysteresis,
    timeToTrigger                           TimeToTrigger,
    rsType                                  NR-RS-Type,
    ...
}

3.3	Signalling of conditional handover command
To work around the limitations of the legacy handover command, we note that the easiest way to consider the CHO configuration is to start from the basic AddModRelease-type of ASN.1 structure. In particular, we can assume that each CHO command can be identified using some “short identifier” (e.g. an INTEGER) that allows referring to it (in e.g. release-list of CHO commands). Thus, we arrive at the typical AddModRelease structure as shown below: 
	cho-ToAddModList-r16				CHO-ConfigurationList-r16		OPTIONAL,	-- Need N
	cho-ToReleaseList-r16				CHO-ConfigId-r16				OPTIONAL,	-- Need N

CHO-ConfigurationList-r16 ::= SEQUENCE (SIZE (1..maxCHO-Targets-r16)) OF CHO-Configuration-r16

Here a single CHO-Configuration would contain the “CHO command” from one target cell, along with the entire configuration. Hence, it could contain DL-DCCH-Message (for both LTE and NR since anyway that would be possible to construct). This would anyway be needed since the source cell could not necessarily create the ASN.1 message otherwise, and the target cell anyway sends the (C)HO command in a transparent container (i.e. OCTET STRING).
Observation 5: Target cell always passes the (C)HO command to source cell in a transparent container (i.e. OCTET STRING).
Therefore, with this in mind the resulting structure for the CHO configuration containing one CHO message would look as shown below: 
CHO-Configuration-r16 ::= SEQUENCE {
	cho-ConfigId-r16			CHO-ConfigId-r16,
	cho-Message-r16				OCTET STRING (CONTAINING DL-DCCH-Message),
	...
}

CHO-ConfigId-r16 ::= INTEGER (1..maxCHO-Targets-r16)
Additionally, the CHO execution condition would need to be input somewhere, and the CHO-Configuration IE seems like a natural place for it. Further, since it has been agreed that the CHO execution condition could reuse the structure of measurement events, it could be just a reference to a measId to allow that. Therefore, the basic structure of the CHO condition becomes as shown below:
	cho-Condition-r16			CHO-ConditionList-r16,

CHO-Condition-r16 ::= SEQUENCE {
	cho-ExecutionEvent		MeasId,
	...
}
Finally, the entire structure should be placed somewhere within the UE configuration. Considering that the CHO command could be quite large (since the RRC reconfiguration message can be up to 9kB in NR), overhead should be minimized. Therefore, it seems natural to reuse (a non-critical extension part of) the RRCReconfiguration for this to also allow the target cell to estimate the size of the ensuing message. Alternatively, a separate message could be created for the purpose of the CHO but given that normally RAN2 attempts to minimize the number of messages, this seems a bit overkill.
Proposal 5: Use (a non-critical extension part of) RRCReconfiguration to convey the CHO configuration to UE. Upon reception of the CHO configuration, UE stores the contained CHO commands and starts monitoring their execution conditions.
Finally, it should be discussed whether delta configuration is allowed for the CHO commands (e.g. to reduce the signalling overhead). However, if we adopt the above structure (i.e. DCCH message contained inside OCTET STRING), it becomes obvious that there is no delta configuration since OCTET STRING doesn’t really allow that: It is a bit pattern and each signalling overrides the previous. Therefore, delta signalling is not possible for CHO in the sense normally used for NR RRC.
Observation 6: Delta signalling is not possible for CHO commands if they wrapped in OCTET STRING.
3.4	Summary of CHO configuration
Based on above discussion and proposals, we also provide an example ASN.1 in Annex A to better illustrate what the configuration would look like. We acknowledge this may not be the perfect structure but would propose to start further discussion from this baseline to reflect the agreements from this meeting.
Proposal 6: Use ASN.1 in Annex A as baseline for further CHO configuration discussions for both LTE and NR.
4	Conclusion
We have discussed the configuration of CHO along with ASN.1 examples and noted observations/proposals as shown below.
Observation 1: In legacy handovers (for both LTE and NR), UE never “stores” the HO command and it’s never “released” from ASN.1 configuration.
Observation 2: The existing structure of conventional HO command is not well-suited for adding, modifying or releasing multiple CHO commands.
Observation 3: The parameters controlling measurement reporting are unnecessary for CHO configuration.
Observation 4: Disallowing multiple triggering conditions would limit network tools compared to the legacy HO.
Observation 5: Target cell always passes the (C)HO command to source cell in a transparent container (i.e. OCTET STRING).
Observation 6: Delta signalling is not possible for CHO commands if they wrapped in OCTET STRING.
Proposal 1: Extend reportType in ReportConfigNR to account for the CHO execution configuration.
Proposal 2: The CHO event configuration should contain at least RS type and triggering condition threshold(s).
Proposal 3: Reuse the TTT and hysteresis also for CHO execution condition. 
Proposal 4: Allow multiple triggering conditions for CHO (e.g. both RSRP and RSRQ) as a separate UE capability.
Proposal 5: Use (a non-critical extension part of) RRCReconfiguration to convey the CHO configuration to UE. Upon reception of the CHO configuration, UE stores the contained CHO commands and starts monitoring their execution conditions.
Proposal 6: Use ASN.1 in Annex A as baseline for further CHO configuration discussions for both LTE and NR.
Annex A: Examples of LTE and NR CHO configurations

LTE CHO command configuration (addition/modification/release):
RRCConnectionReconfiguration-v16xy-IEs ::= SEQUENCE {
	cho-ToAddModList-r16				CHO-ConfigurationList-r16		OPTIONAL,	-- Need ON
	cho-ToReleaseList-r16				CHO-ConfigId-r16				OPTIONAL,	-- Need ON

	nonCriticalExtension				SEQUENCE{}						OPTIONAL
}


CHO-ConfigurationList-r16 ::= SEQUENCE (SIZE (1..maxCHO-Targets-r16)) OF CHO-Configuration-r16

CHO-Configuration-r16 ::= SEQUENCE {
	cho-ConfigId-r16			CHO-ConfigId-r16,
	cho-Message-r16				OCTET STRING (CONTAINING DL-DCCH-Message),
	cho-Condition-r16			CHO-ConditionList-r16,
	...
}

CHO-ConfigId-r16 ::= INTEGER (1..maxCHO-Targets-r16)

CHO-Condition-r16 ::= SEQUENCE {
	cho-ExecutionEvent-r16		MeasId,
	...
}

maxCHO-Targets-r16 		INTEGER ::= 4

NR CHO command configuration (addition/modification/release):
RRCReconfiguration-v16xy-IEs ::= SEQUENCE {
	cho-ToAddModList-r16				CHO-ConfigurationList-r16		OPTIONAL,	-- Need N
	cho-ToReleaseList-r16				CHO-ConfigId-r16				OPTIONAL,	-- Need N

	nonCriticalExtension				SEQUENCE{}						OPTIONAL
}


CHO-ConfigurationList-r16 ::= SEQUENCE (SIZE (1..maxCHO-Targets-r16)) OF CHO-Configuration-r16

CHO-Configuration-r16 ::= SEQUENCE {
	cho-ConfigId-r16			CHO-ConfigId-r16,
	cho-Message-r16			OCTET STRING (CONTAINING DL-DCCH-Message),
	cho-Condition-r16			CHO-ConditionList-r16,
	...
}

CHO-ConfigId-r16 ::= INTEGER (1..maxCHO-Targets-r16)

CHO-Condition-r16 ::= SEQUENCE {
	cho-ExecutionEvent-r16		MeasId,
	...
}

maxCHO-Targets-r16 		INTEGER ::= 4

NR CHO execution condition configuration (extended ReportConfigNR):

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
        reportSFTD                                  ReportSFTD-NR
        ]],
		conditionalHO									 CHO-Event-r16
    }
}


CHO-Config-r16::=                       SEQUENCE {
	targetCell									PhysCellId,
    choEventList-r16							CHO-EventList-r16,    ...
}

CHO-EventList-r16 ::= SEQUENCE (SIZE(1..maxCHO-Triggers-r16)) OF CHO-Event-r15

CHO-Event-r16 ::=  CHOICE {
    eventA3                             SEQUENCE {
        a3-Offset                           MeasTriggerQuantityOffset,
    },
    eventA5                             SEQUENCE {
        a5-Threshold1                       MeasTriggerQuantity,
        a5-Threshold2                       MeasTriggerQuantity,
    },
    hysteresis                              Hysteresis,
    timeToTrigger                           TimeToTrigger,
    rsType                                  NR-RS-Type,
    ...
}

