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1
Introduction
This is a revision of R2-1907675, and there is no technical change.

At RAN2#105b meeting, one open issue was about maximum number of CHO candidate cells [1]. The following note was put by the session chair and there were some papers on discussing it.
Support of multiple candidate cells in CHO: How many?
This paper is to address this open issue. In general, we try to make some analysis as well as calculations on the number.

2
Discussion
In [2], for basic signalling flow of CHO, the source eNB could send CHO command and HO triggering condition to the UE. In [3], regarding how to design the CHO configurations in RRC signalling, we propose to include a list of CHO commands from multiple target cells.
For the maximum of candidate cells, we think it will impact:
· RRC design in Uu interface

· RRM decision for the source eNB. If max number is N, the source eNB can only send CHO request to at most N target cells
· UE variables
In [2], we propose to take LTE Handover Command as a baseline. For legacy LTE HO, the network can only indicate 1 HO command to the UE, and for CHO, the network can indicate at most N HO commands to the UE.
For legacy LTE Handover Command, we list the detailed IEs in section 5 Annex. Here we try to provide some calculations of MobilityControlInfo.
In MobilityControlInfo, we try to list some key IEs and they are shown in the following table.

Table 1: Size calculations for MobilityControlInfo
	IEs
	Man/opt
	Sizes
	Note

	PhysCellId
	Mandatory
	9 bits
	

	CarrierFreqEUTRA
	Optional
	16 bits, …
	

	CarrierBandwidthEUTRA
	Optional
	4 bits, …
	

	AdditionalSpectrumEmission
	Optional
	5 bits, …
	

	t304
	Mandatory
	3 bits
	

	C-RNTI
	Mandatory
	16 bits
	

	RadioResourceConfigCommon
	Mandatory
	402 bits
	It is a huge IE, and detailed analysis is shown below. The number shown in the left column is just from rough analysis

	RACH-ConfigDedicated
	Optional
	10 bits
	


In table 2, we have some size calculations for RadioResourceConfigCommon. For some IEs, we do not have precise calculations as there are so many sub-IEs and extensions inside, so we just have some rough analysis.
Table 2: Size calculations for RadioResourceConfigCommon
	IEs
	Man/opt
	Sizes
	Note

	RACH-ConfigCommon
	Optional
	50 bits
	Rough analysis

	PRACH-Config
	Mandatory
	50 bits
	Rough analysis

	PDSCH-ConfigCommon
	Optional
	50 bits
	Rough analysis

	PUSCH-ConfigCommon
	Mandatory
	50 bits
	Rough analysis

	PHICH-Config
	Optional
	50 bits
	Rough analysis

	PUCCH-ConfigCommon
	Optional
	50 bits
	Rough analysis

	SoundingRS-UL-ConfigCommon
	Optional
	50 bits
	Rough analysis

	UplinkPowerControlCommon
	Optional
	50 bits
	Rough analysis

	AntennaInfoCommon
	Optional
	2 bits
	

	From Rel-10, there were lots of extensions and they are not listed here
	
	
	


Based on table 1 and table 2, we may have 465 bits in total considering all IEs listed so far. If we take it as the baseline (for legacy LTE HO), we will have N*465 bits for CHO commands and we list some typical values for total bits.
Table 3: Size of CHO commands for different N

	N
	Size of CHO commands

	1
	465 bits

	2
	930 bits

	4
	1,860 bits

	8
	3,720 bits

	16
	7,440 bits

	32
	14,880 bits

	64
	29,760 bits


Currently, for a PDCU SDU, TS 36.323 has defined a maximum size of 8188 octets, i.e. 65,504 bits. For N=64, the size of CHO commands is lower than maximum size of a PDCP SDU, so it is feasible to put all into one RRC signaling.
For maximum number of CHO candidate cells, we understand that there is a trade off between the signalling overhead and future extension.
For signalling overhead, there are more overheads for higher numbers as illustrated in table 3. It is noted that:
· The actual size for each HO command may be larger than the numbers in the table, so the total size may be larger

· In future, CHO command may also be enhanced with adding new parameters, so there may be even more overheads
For future extension, if we define a small value (e.g. 2), we may need to extend it to a larger value as the neighbouring cells may become more and more in the future. In other words, the relatively large value may have good future extensibility.

In current LTE networks, the N is impacted by the number of neighbouring cells, and it may vary depending on the scenarios, e.g. hot spot in urban area, urban area, suburban area, rural area.
In general, we have the following observations.

Observation 1: Based on our rough analysis, if 1 HO command is 465 bits, there are N*465 bits for CHO commands.
Observation 2: Even for N=64, the size of CHO commands is lower than maximum size of a PDCP SDU, i.e. 8188 octets.

Observation 3: For signaling overhead aspect, there should be some margins, e.g. the numbers shown in table 1, 2 and 3 may be conservative and we should leave some margins; in future, there may be even more overheads as CHO command may be enhanced with adding new parameters.
Observation 4: For future extension, the relatively large value may have good future extensibility.
Observation 5: In currently LTE network, the N is impacted by the number of neighbouring cells and it may vary depending on the scenarios.
With above observations, we think 8 may be an appropriate value for the maximum number. It is noted that this number is just the maximum number from RRC signalling point of view, and it is still left to network implementation to decide on the actual maximum number. For example, if 8 is the maximum number in RRC spec, one network vendor can choose to configure at most 2 CHO commands to the UE.
Proposal 1: It is proposed that the network can configure at most 8 CHO commands (one CHO command for one candidate cell) to the UE in one RRC signaling. Correspondingly, the UE stores at most 8 CHO commands in its variable.
3
Conclusions
In this paper, we discuss the maximum number of CHO candidate cells. Firstly, we have some observations:
Observation 1: Based on our rough analysis, if 1 HO command is 465 bits, there are N*465 bits for CHO commands.
Observation 2: Even for N=64, the size of CHO commands is lower than maximum size of a PDCP SDU, i.e. 8188 octets.

Observation 3: For signaling overhead aspect, there should be some margins, e.g. the numbers shown in table 1, 2 and 3 may be conservative and we should leave some margins; in future, there may be even more overheads as CHO command may be enhanced with adding new parameters.

Observation 4: For future extension, the relatively large value may have good future extensibility.

Observation 5: In currently LTE network, the N is impacted by the number of neighbouring cells and it may vary depending on the scenarios.
It is our understanding that the maximum number is a trade off among lots of factors, e.g. signaling overhead, future extension, and it is proposed:
Proposal 1: It is proposed that the network can configure at most 8 CHO commands (one CHO command for one candidate cell) to the UE in one RRC signaling. Correspondingly, the UE stores at most 8 CHO commands in its variable.
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5
Annex

10.2.2
Message definitions

–
HandoverCommand
This message is used to transfer the handover command generated by the target eNB.

Direction: target eNB to source eNB/ source RAN

HandoverCommand message

-- ASN1START

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

}

-- ASN1STOP

	HandoverCommand field descriptions

	handoverCommandMessage

Contains the entire DL-DCCH-Message including the RRCConnectionReconfiguration message used to perform handover within E-UTRAN or handover to E-UTRAN, generated (entirely) by the target eNB.


NOTE:
The source BSC, in case of inter-RAT handover from GERAN to E-UTRAN, expects that the HandoverCommand message includes DL-DCCH-Message only. Thus, criticalExtensionsFuture, spare1-spare7 and nonCriticalExtension should not be used regardless whether the source RAT is E-UTRAN, UTRAN or GERAN.

–
MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.

MobilityControlInfo information element

-- ASN1START

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


]]

}

MobilityControlInfo-v10l0 ::=

SEQUENCE {


additionalSpectrumEmission-v10l0
AdditionalSpectrumEmission-v10l0
OPTIONAL
-- Need ON

}

MobilityControlInfoSCG-r12 ::=

SEQUENCE {


t307-r12






ENUMERATED {












ms50, ms100, ms150, ms200, ms500, ms1000,












ms2000, spare1},


ue-IdentitySCG-r12




C-RNTI






OPTIONAL,
-- Cond SCGEst,


rach-ConfigDedicated-r12


RACH-ConfigDedicated


OPTIONAL,
-- Need OP


cipheringAlgorithmSCG-r12

CipheringAlgorithm-r12

OPTIONAL,
-- Need ON


...,


[[
makeBeforeBreakSCG-r14


ENUMERATED {true}



OPTIONAL,
-- Need OR



rach-SkipSCG-r14



RACH-Skip-r14




OPTIONAL
-- Need OR


]]

}

MobilityControlInfoV2X-r14 ::=
SEQUENCE {


v2x-CommTxPoolExceptional-r14

SL-CommResourcePoolV2X-r14

OPTIONAL,

-- Need OR


v2x-CommRxPool-r14




SL-CommRxPoolListV2X-r14

OPTIONAL,

-- Need OR


v2x-CommSyncConfig-r14



SL-SyncConfigListV2X-r14

OPTIONAL,

-- Need OR


cbr-MobilityTxConfigList-r14

SL-CBR-CommonTxConfigList-r14
OPTIONAL

-- Need OR

}

CarrierBandwidthEUTRA ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {













n6, n15, n25, n50, n75, n100, spare10,













spare9, spare8, spare7, spare6, spare5,













spare4, spare3, spare2, spare1},


ul-Bandwidth





ENUMERATED {













n6, n15, n25, n50, n75, n100, spare10,













spare9, spare8, spare7, spare6, spare5,













spare4, spare3, spare2, spare1}
OPTIONAL -- Need OP

}

CarrierFreqEUTRA ::=



SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA,


ul-CarrierFreq





ARFCN-ValueEUTRA



OPTIONAL
-- Cond FDD

}

CarrierFreqEUTRA-v9e0 ::=


SEQUENCE {


dl-CarrierFreq-v9e0




ARFCN-ValueEUTRA-r9,


ul-CarrierFreq-v9e0




ARFCN-ValueEUTRA-r9


OPTIONAL
-- Cond FDD

}

RACH-Skip-r14 ::=




SEQUENCE {


targetTA-r14




CHOICE {



ta0-r14






NULL,



mcg-PTAG-r14





NULL,



scg-PTAG-r14





NULL,



mcg-STAG-r14




STAG-Id-r11,



scg-STAG-r14




STAG-Id-r11


},


ul-ConfigInfo-r14



SEQUENCE {



numberOfConfUL-Processes-r14


INTEGER (1..8),



ul-SchedInterval-r14


ENUMERATED {sf2, sf5, sf10},



ul-StartSubframe-r14


INTEGER (0..9),



ul-Grant-r14




BIT STRING (SIZE (16))


}















OPTIONAL
-- Need OR

}

-- ASN1STOP

	MobilityControlInfo field descriptions

	additionalSpectrumEmission

For a UE with no SCells configured for UL in the same band as the PCell, the UE shall apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. For a UE with SCell(s) configured for UL in the same band as the PCell, the UE shall, in case all SCells configured for UL in that band are released after handover completion, apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42], table 6.2.4-1, for UEs neither in CE nor BL UEs and TS 36.101 [42], table 6.2.4E-1, for UEs in CE or BL UEs.

	carrierBandwidth

Provides the parameters Downlink bandwidth, and Uplink bandwidth, see TS 36.101 [42].

	carrierFreq

Provides the EARFCN to be used by the UE in the target cell.

	cbr-MobilityTxConfigList

Indicates the list of CBR ranges and the list of PSSCH transmission parameter configurations available to configure congestion control to the UE for V2X sidelink communication during handover.

	cipheringAlgorithmSCG

Indicates the ciphering algorithm to be used for SCG DRBs. E-UTRAN includes the field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.

	dl-Bandwidth

Parameter: Downlink bandwidth, see TS 36.101 [42].

	drb-ContinueROHC

This field indicates whether to continue or reset, for this handover, the header compression protocol context for the RLC UM bearers configured with the header compression protocol. Presence of the field indicates that the header compression protocol context continues while absence indicates that the header compression protocol context is reset. E-UTRAN includes the field only in case of a handover within the same eNB.

	handoverWithoutWT-Change

Indicates whether UE performs handover where LWA configuration is retained with the same WT If sendEndMarker is configured, the LWA end-marker for PDCP key change indication is used as defined in [8]. If value keepLWA-Config is configured, LWA end marker is not used and UE shall only retain the LWA configuration.

	makeBeforeBreak

Indicates that the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target intra-frequency PCell, or performing initial PUSCH transmission to the target intra-frequency PCell while rach-Skip is configured.

	makeBeforeBreakSCG

Indicates that the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target intra-frequency PSCell, or performing initial PUSCH transmission to the target intra-frequency PSCell while rach-SkipSCG is configured.

	mib-RepetitionStatus

Indicates whether additional MIB repetition is enabled in the target cell or not. Value TRUE indicates additional MIB repetition is enabled in the target cell. Value FALSE indicates additional MIB repetition is not enabled in the target cell. The absence of this field indicates additional MIB repetition may or may not be enabled in the target cell. See 5.2.1.2 and TS 36.211 [21], clause 6.4.1. This field is applicable to BL UE or UE in CE.

	mobilityControlInfoV2X

Indicates the sidelink configurations of the target cell for V2X sidelink communication during handover.

	numberOfConfUL-Processes

The number of configured HARQ processes for preallocated uplink grant, see TS 36.321 [6], clause 5.20. This field is applicable if a UE is configured with asynchronous HARQ, otherwise it shall be ignored.

	rach-ConfigDedicated

The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].

	rach-Skip
This field indicates whether random access procedure for the target PCell is skipped.

	rach-SkipSCG

This field indicates whether random access procedure for the target PSCell is skipped.

	sameSFN-Indication

This field indicates that the target cell has the same SFN as the source cell and that the BL UE or UE in CE is not required to acquire MasterInformationBlock in the target PCell during handover to obtain the SFN of the target cell, as specified in section 5.3.5.4.

	schedulingInfoSIB1-BR

Indicates the index to the tables that define SystemInformationBlockType1-BR scheduling information. The tables are specified in TS 36.213 [23], Table 7.1.6-1 and Table 7.1.7.2.7-1. Value 0 means SystemInformationBlockType1-BR is not scheduled. If absent when sameSFN-Indication is present, UE assumes that SystemInformationBlockType1-BR scheduling information in target cell may be different from source cell.

	t304

Timer T304 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on. EUTRAN includes extended value ms10000-v1310 only when UE supports CE.

	t307

Timer T307 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on.

	targetTA

This field refers to the timing adjustment indication, see TS 36.213 [23], indicating the NTA value which the UE shall use for the target PTAG of handover or the target PSTAG of SCG change. ta0 corresponds to NTA=0. mcg-PTAG corresponds to the latest NTA value of the PTAG associated with MCG. scg-PTAG corresponds to the latest NTA value of the PTAG associated with SCG. mcg-STAG corresponds to the latest NTA value of a MCG STAG indicated by the STAG-Id. scg-STAG corresponds to the latest NTA value of a SCG STAG indicated by the STAG-Id.

	ul-Bandwidth

Parameter: Uplink bandwidth, see TS 36.101 [42], table 5.6-1. For TDD, the parameter is absent and it is equal to downlink bandwidth. If absent for FDD, apply the same value as applies for the downlink bandwidth.

	ul-Grant
Indicates the resources of the target PCell/PSCell to be used for the uplink transmission of PUSCH [23], clause 8.8.

	ul-SchedInterval
Indicates the scheduling interval in uplink, see TS 36.321 [6], clause 5.20. Value in number of sub-frames. Value sf2 corresponds to 2 subframes, sf5 corresponds to 5 subframes and so on.

	ul-StartSubframe
Indicates the subframe in which the UE may initiate the uplink transmission, see TS 36.321 [6], clause 5.20. Value 0 corresponds to subframe number 0, 1 correponds to subframe number 1 and so on. The subframe indicating a valid uplink grant according to the calculation of UL grant configured by ul-StartSubframe and ul-SchedInterval, see TS 36.321 [6], clause 5.20, is the same across all radio frames.

	v2x-CommRxPool

Indicates reception pools for receiving V2X sidelink communication during handover. 

	v2x-CommSyncConfig

Indicates synchronization configurations for performing V2X sidelink communication during handover.

	v2x-CommTxPoolExceptional

Indicates the transmission resources by which the UE is allowed to transmit V2X sidelink communication during handover.


	Conditional presence
	Explanation

	FDD
	The field is mandatory with default value (the default duplex distance defined for the concerned band, as specified in TS 36.101 [42]) in case of "FDD"; otherwise the field is not present.

	HO
	This field is optionally present, need OP, in case of handover within E-UTRA when the fullConfig is not included; otherwise the field is not present.

	HO-SFNsynced
	This field is optionally present, need OP, in case of source E-UTRA and target E-UTRA cells are SFN synchronised.

	HO-toEUTRA
	The field is mandatory present in case of inter-RAT handover to E-UTRA; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is absent if carrierFreq-v9e0 is present. Otherwise it is mandatory present in case of inter-RAT handover to E-UTRA and optionally present, need ON, in all other cases.

	SCGEst
	This field is mandatory present in case of SCG establishment; otherwise the field is optionally present, need ON.
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