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1 Introduction

Regarding Handover robustness improvements as part of the WID [1] the main agreements made so far include: 
RAN2#104:

Agreements

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

=>
FFS on the exact details of the procedures

Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).

RAN2#105:

Agreements

1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.

3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).

In this contribution we discuss further details of conditional handover mechanism to consider by addressing the following aspects:
· Applicable scenarios

· Number of candidate cells

· Signaling overhead
2 Discussion
2.1 Applicable scenarios
LTE is targeted to support wide-range of cell deployments and mobile speeds, see below. As consequence, further Handover robustness improvements need to take them into account.
· Wide-range of cell deployments
· Macro, micro and pico cells
· Wide-range of mobile speeds

· Stationary to low mobile speed from 0 to 15 km/h

· Medium mobile speed from 15 to 120 km/h

· High mobile speed from 120 to 350 km/h (or even up to 500 km/h)

With regards to mobility, the network can get indication from the UE in accordance with mobility state indication or mobility history information report.
Furthermore, depending on UE capabilities RAN4 specified in TS 36.133 [2] the measurement requirements for multiple monitoring for a UE in RRC_CONNECTED using measurement gaps, which can be used by network for handover decisions:
· At least 7 effective carrier frequency layers incl. 3 FDD + 3 TDD E-UTRA inter-frequency carriers;
· At least 9 effective carrier frequency layers (if UE supports NR and EN-DC) incl. 3 FDD + 3 TDD E-UTRA inter-frequency carriers;

· At least 12 carrier frequency layers (if UE supports increased UE carrier monitoring) incl. 8 FDD + 8 TDD E-UTRA inter-frequency carriers.
In view of above, the candidate conditional handover mechanism needs to take the wide range of cell deployments and mobile speeds as well as the UE measurement requirements/capabilities into account.

Observation 1: The candidate conditional handover mechanism needs to take the wide range of cell deployments and mobile speeds as well as the UE measurement requirements/capabilities into account.
Observation 2: Depending on UE capabilities the configuration of candidate cells for conditional handover may contain cells on different carriers (intra- and inter-frequency).
2.2 Number of candidate cells

Until now the number of candidate cells is FFS. On the options we think that it should be more than one but FFS on the maximum number. We think that just signaling only one candidate cell doesn’t bring much benefit. We understood that when conditional handover should be applied, the RRC message containing the configuration of the candidate cell incl. the triggering condition for Handover execution is sent by network as early as possible to ensure a successful transfer of the message. With only one candidate cell configuration, the signaling overhead can be minimized as basically only the information related to the triggering condition for handover execution needs to be signaled in addition to the configuration of the candidate cell, e.g. in MobilityControlInfo IE if existing RRC reconfiguration message may be used for conditional handover. However, to our understanding this option may lead to more frequent transfer of update information as the signaled configuration may become outdated if handover will not be executed by the UE for a certain time.
Due to this, we think that more than one candidate cell should be considered for conditional handover. With this option the UE has the choice to select the best cell among the candidate cell for handover execution if the configured triggering condition applies and the risk of outdated configuration of candidate cells can be reduced. 
Observation 3: Signaling more than one candidate cell for conditional handover reduces the risk of outdated configuration and frequent transfer of update information.

However, the decision on the maximum number of candidate cells to consider depends not only on the signaling overhead but also on the achievable performance (in terms of HOF and RLF). For the latter RAN2 is not the right WG to run the necessary simulation campaigns and to make a decision. Therefore, we suggest to ask RAN1 and RAN4 to provide feedback on the number of candidate cells to consider for conditional handover.
Proposal 1: RAN2 to ask RAN1 and RAN4 to provide feedback on the number of candidate cells to consider for conditional handover.
2.3 Signaling overhead
To get an impression of the signaling overhead for conditional handover we made a first rough estimation based on following assumptions:

· Use of existing RRC reconfiguration message for the transfer of the configuration of the candidate cells incl. the triggering condition for HO execution (using the MobilityControlInfo IE); 

· Inter-frequency handover and use of dedicated RACH in target cell,
· Considering only the minimum required Rel-8 parameters and omitting the extensions introduced in later releases.
As result we came to a number of at least 104 bits for one cell, see Table 1 below. Thus, if we assume that extensions introduced in later releases need to be considered as well, then the signaling overhead will increase. However, to get a full picture of the required signalling overhead a detailed analysis is needed.
Proposal 2: RAN2 to start analysis on the signaling overhead for conditional handover.
Table 1: Estimation of signaling overhead

	
	
	
	

	mobilityControlInfo
	
	
	104 bits

	
	targetPhysCellId
	
	9 bits

	
	carrierFreq
	
	16 bits

	
	t304
	
	3 bits

	
	newUE-Identity
	
	16 bits

	
	radioResourceConfigCommon
	
	50 bits

	
	
	prach-Config
	28 bits

	
	
	prach-Config
	21 bits

	
	
	ul-CyclicPrefixLength
	1 bit

	
	rach-ConfigDedicated
	
	10 bits


3 Conclusion

In this contribution we have discussed further aspects of conditional handover mechanism to consider and made the following observations and proposals:
Observation 1: The candidate conditional handover mechanism needs to take the wide range of cell deployments and mobile speeds as well as the UE measurement requirements/capabilities into account.
Observation 2: Depending on UE capabilities the configuration of candidate cells for conditional handover may contain cells on different carriers (intra- and inter-frequency).
Observation 3: Signaling more than one candidate cell for conditional handover reduces the risk of outdated configuration and frequent transfer of update information.

Proposal 1: RAN2 to ask RAN1 and RAN4 to provide feedback on the number of candidate cells to consider for conditional handover.
Proposal 2: RAN2 to start analysis on the signaling overhead for conditional handover.
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5.
Annex
UE measurement requirements in RRC_CONNECTED as specified in [2]:

8.1.2.1.1.1
Maximum allowed layers for multiple monitoring

The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers, and

-
Depending on UE capability, 8 NR inter-RAT carriers

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x, and HRPD layers.

In addition to the requirements defined above, the UE which supports NR inter-RAT measurements or EN-DC but is not configured with NR PSCell shall be capable of monitoring a total of at least 9 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x, HRPD and NR layers.

8.1.2.1.1.1a
Maximum allowed layers for multiple monitoring (Increased UE carrier monitoring)

UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] shall be capable of monitoring at least

-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers

UE which indicate support for increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring at least

-
Depending on UE capability, 6 FDD UTRA carriers, and

-
Depending on UE capability, 7 TDD UTRA carriers, and

In addition to the requirements defined above, the UE which indicate support for Increased UE carrier monitoring E-UTRA or increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring a total of at least 12 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers
