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1. Introduction
From RAN2#96, it has been agreed to study the Conditional mobility in NR as follows [1]:
Agreements
1	At least cell id and all information required to access the target cell will be included in the HO command. 
2	For at least some cases information required for contention based and contention free access can be included in the HO command
3	To be studied what beam related information of the target cell may be required.
4	Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.

And in RAN2#97, there was also a discussion on this and got the agreement for the continuation of the discussion as following: 
	Agreement 
'Conditional' handover can continue to be discussed within the WI phase



Once fast link drop happens the control signalling might not be reached between UE and serving gNB. And corresponding delay to get reconnected with the possible cell is large compared to the URLLC requirement. Even there are characteristics of high frequency link shown in several contributions before; there is no agreed solution for RRC involved mobility. Based on the above agreements, this paper discusses on the necessity and operation of the Conditional handover for high frequency and possibly low frequency NR too. As agreed in RAN2#97bis, this mobility mechanism now can be discussed since baseline NR handover was somewhat made in the last meeting. 
2. Conditional handover for NR single connectivity 
Once the control signalling between UE and the serving cell is gone due to the sudden radio signal quality drop, the current LTE operation is to go RLF and get RRC-reestablishment which takes more time than normal HO latency. In NR, URLLC service should be satisfied w.r.t. time and reliability as in TR 38.912 [3]. Therefore, it is necessary to enhance the handover operation to get minimum latency even with sudden link loss situation for both of low and high frequency NR.
This problematic situation happens more in high frequency case. As shown in companion contribution [A], LTE handover algorithm makes handover failure  more frequently in high frequency than LTE frequency band. The reason is that LTE measurement latency (L1/L3 filtering, TTT) is high compared with channel degradation speed due to the blockage in HF NR on UE’s normal movement. Then can we shorten or remove this latency? It’s hard to remove L1/L3 filtering since short term fading in HF is similar level to the LTE frequency band. If we remove or shorten filter time window, Ping-Pong must happen frequently [2]. Consequently, RRC mobility can cause RLF to the UE on handover situation, and there must be a significant latency for that UE to get RRC_connected again. 
Alternatively, UE can detour RLF declaration by going through fast HO procedure in RRC connected mode. Network gives configuration information carried in HO command to the UE earlier than actual HO time. This configuration information includes, at least the event for UE to execute the handover by itself, and information for accessing the target gNB. At some time when the signal strength to the serving cell drops suddenly, and this signal drop is captured in the UE HO event, then UE accesses to the given target cell without sending MR. 
By doing this, UE does not waste the time to indicate to the serving cell for getting the handover command, and can swiftly access to the target cell. The network should maintain the candidate target cell information a priori so that early given handover command can include the candidate target cell access information. 
The following Fig.1 is showing the basic operation of Conditional HO.
The serving cell might have the information on the possible target cell which can be obtained through UE’s measurement report a priori (procedure 0 ~ 3). Serving cell received MR from UE finds the candidate target cells, and requests HO preparation to the target cell indicated in MR or requests leaving from target candidate cell list (procedure 4). Once serving cell receives HO preparation response, serving cell gives the Conditional HO-dedicated event configuration and target cell access information through RRCConnectionReconfiguration message with the mobilityControlInfo IE (procedure 5). Still UE communicates with the serving cell. After some time, UE suffers from the sudden link drop and this drop is caught by the UE HO dedicated event, then UE directly synchronizes to the target cell through the RACH operation without MR to the serving cell (procedure 9). Then if UE has the UL grant from the target cell, it sends access request message to the target cell and target cell responds to the UE with corresponding response message (procedure 10~11). After the successful connection noticed by the target cells, data forwarding from the source cell to the target cell is done and data transmission is resumed between the target cell and UE (procedure 12).


 

Figure 1 Conditional HO call flow 
Based on the above flow chart we can propose the related HO operations for step-by-step agreement which can be aligned with already agreed NR handover baseline.
Proposal 1-1. (Condition) Within the HO message, the network may include a field defining a condition. If this condition is fulfilled, the UE executes the (conditional) HO to the concerned target cell.
Proposal 1-2. (Condition) RAN2 should consider the MR triggering events used in NR as starting point for the condition to execute HO.
Proposal 1-3. (Condition and its parameters) For all conditional HO candidates the UE is configured with at least (irrespective of message used):
· A set of parameters common for all candidates, comprising of
· event and associated parameters
· trigger quantity

· A set of parameters per frequency for which one or more candidates apply, comprising of:
· SS config/ CSI RS config
· offsetFreq

· A set of parameters per individual candidate, comprising of:
· Individual cell offset
Proposal 1-4. (Condition and its parameters) If for one of these parameters no value is configured for a candidate target cell, the UE reuses the same value as used for the latest measurement report of the concerned candidate target cell.
Proposal 2-1. (Candidate Target cell) UE could be given by the serving gNB the candidate target cell list information in the RRCConnectionReconfiguration with mobilityControlInfo IE.
Proposal 2-2. (Candidate Target cell) RAN2 should confirm that the target candidate cell means the cell which responded positively to the serving gNB’s handover request and gave the resources and information for allowing the UE to access to it. 
Proposal 2-3. (Candidate Target cell) The details on the resources and the information given by candidate target cells follows those of network HO as a baseline.
Proposal 3-1. (Event evaluation) When UE is configured the event dedicated to the conditional HO and there are valid candidate target cells given at that time, the configured event is evaluated. 
Proposal 3-2. (Response to HO command) Which layer (lower layer ACK or RRC) can be used for response to conditional HO command is FFS
Proposal 3-3. (HO execution) RAN2 should confirm that UE does handover to the best cell in the latest received candidate target cell list without measurement report transmission when the condition of a given event (the one configured at P 1-1.) is fulfilled. 
Proposal 4-1. (RACH) UE adopts at least NR RACH baseline operation for Conditional HO synchronization.
Proposal 4-2. (RACH) UE could be given contention based RACH resource as well as contention free RACH resource.
Proposal 4-3. UE is allowed to use the dedicated resources of candidate target cell for a limited time by using an additional timer.
Proposal 5-1. (Initial access request message) which RRC message can be used for access request message after synchronization is FFS.  
Proposal 5-2. (Initial access request message) access request message contains UE Identity at the source node, and SRB1 is used.

Conditional HO command has the reconfiguration information for the target cell, and this configuration should be applied to the Conditional HO execution time. Instead, other subsequent RRC connection reconfiguration received after Conditional HO command can be applied directly. On Conditional HO execution, the reconfiguration information from Conditional HO command including target cell information should be restored based on the RRC context stored at the time when Conditional HO command was received. 
Proposal 6-1. (Signalling with the serving gNB) If the UE receives a subsequent RRCConnectionReconfiguration which is not HO command, it does not modify or remove the stored target cell configurations of the conditional HO command. 
Proposal 6-2. (Signalling with the serving gNB) If UE receives a subsequent conditional HO command, it can update the stored target cell configurations of the conditional HO, i.e., add/remove/modify the configuration.
3. Conclusion 
In this contribution, we discussed on the basic aspects of the conditional handover, and have the conclusion as followings:
Proposal 1-1. (Condition) Within the HO message, the network may include a field defining a condition. If this condition is fulfilled, the UE executes the (conditional) HO to the concerned target cell.
Proposal 1-2. (Condition) RAN2 should consider the MR triggering events used in NR as starting point for the condition to execute HO.
Proposal 1-3. (Condition and its parameters) For all conditional HO candidates the UE is configured with at least (irrespective of message used):
· A set of parameters common for all candidates, comprising of
· event and associated parameters
· trigger quantity

· A set of parameters per frequency for which one or more candidates apply, comprising of:
· SS config/ CSI RS config
· offsetFreq

· A set of parameters per individual candidate, comprising of:
· Individual cell offset
Proposal 1-4. (Condition and its parameters) If for one of these parameters no value is configured for a candidate target cell, the UE reuses the same value as used for the latest measurement report of the concerned candidate target cell.
Proposal 2-1. (Candidate Target cell) UE could be given by the serving gNB the candidate target cell list information in the RRCConnectionReconfiguration with mobilityControlInfo IE.
Proposal 2-2. (Candidate Target cell) RAN2 should confirm that the target candidate cell means the cell which responded positively to the serving gNB’s handover request and gave the resources and information for allowing the UE to access to it. 
Proposal 2-3. (Candidate Target cell) The details on the resources and the information given by candidate target cells follows those of network HO as a baseline.
Proposal 3-1. (Event evaluation) When UE is configured the event dedicated to the conditional HO and there are valid candidate target cells given at that time, the configured event is evaluated. 
Proposal 3-2. (Response to HO command) Which layer (lower layer ACK or RRC) can be used for response to conditional HO command is FFS
Proposal 3-3. (HO execution) RAN2 should confirm that UE does handover to the best cell in the latest received candidate target cell list without measurement report transmission when the condition of a given event (the one configured at P 1-1.) is fulfilled. 
Proposal 4-1. (RACH) UE adopts at least NR RACH baseline operation for Conditional HO synchronization.
Proposal 4-2. (RACH) UE could be given contention based RACH resource as well as contention free RACH resource.
Proposal 4-3. UE is allowed to use the dedicated resources of candidate target cell for a limited time by using an additional timer.
Proposal 5-1. (Initial access request message) which RRC message can be used for access request message after synchronization is FFS.  
Proposal 5-2. (Initial access request message) access request message contains UE Identity at the source node, and SRB1 is used.
Proposal 6-1. (Signalling with the serving gNB) If the UE receives a subsequent RRCConnectionReconfiguration which is not HO command, it does not modify or remove the stored target cell configurations of the conditional HO command. 
Proposal 6-2. (Signalling with the serving gNB) If UE receives a subsequent conditional HO command, it can update the stored target cell configurations of the conditional HO, i.e., add/remove/modify the configuration.
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