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Decision
1 Introduction
We know that a UE may need to perform ping-pong HO between cells due to the impacts of a simple rotation while in FR2. Due to possibility of high rate of such handovers, it is prudent to provision enhancments to CHO mitigating intruption time and signaling assotiated to CHO in FR2.

In this paper, we introduce return CHO (RCHO) configuration as an enhancement to CHO particularly in FR2 networks. In the RCHO, the serving cell provides UE with configures needed to perfor CHO from neighboring cells back to itself. We show that enabling RCHO has minimal impact on ASN.1 making it a viable addition to CHO in Rel. 16. 

2 Discussion

Background on CHO in FR2
In previous RAN2 meetings, we provided simulation results showing the performance of conditional handover for NR UEs using directional antenna and operating in FR2 [1-3]. We particularly studied the impact of slow rotations of UE on the number of HO attempts, handover failure rate, and number of measurement reports. We showed some advantages and also issues of deploying CHO in NR at FR2.

According to the observations indicated in [1-3], FR2 specific deployment and mobility (i.e. frequency range > 24 GHz) have the following characteristics: 
1) High small cell density;

2) Fast radio quality change; 
3) Long measurement latency (i.e. L1 measurement sample per 400ms on FR2 and per 200ms on FR1); 
4) Higher number of handover and RLF (due to high cell density and fast radio quality change);
5) Heavy signaling overhead (due to high number of handovers).
6) Short Time of Stay (ToS) due to high cell density and fast radio quality change.
We note that due to impacts of directional antennae in FR2, covering a hotspot area will most probably require a group of cells facing the area from different directions. In such deployment scenarios, it is expected that a UE connected to a cell in the hotspot area to perform frequent back and forth handovers between the cells due to rotations or small movements. In a special scenario when the UE is doing ping pong HO between cells, it is beneficial if the UE can reuse previous cell configurations to perform CHO back to its previous serving cell. We call this return CHO (RCHO) configurations in which the UE keeps all cell configurations after HO to a target cell to perform CHO back to its previous cell.
It is understood that by incorporating RCHO, we can reduce the HO latency by at least one RTT time in Uu interface for MR transmission, CHO Command transmission, as well as core network traffic. We provided more details on Consecutive CHO in next section.
Return CHO (RCHO)
Signaling Procedures
Conditional Handover is targeted to improve mobility robustness, and the benefit of it is to avoid transmission failure of measurement report and HO command, since NW will provide early CHO command to UE before the radio quality deteriorates. But in the highly frequent HO scenario expected in FR2, due to short stay in cell-2, it is also risky that a serving cell cannot receive the MR or cannot provide the CHO command timely to UE, which will lead to RLF. 
In RCHO, the serving cell may provide the UE with configurations needed to perform CHO from a neighbor cell back to itself when configuring CHO to neighoboring cells on the UE. A simple way to configure RCHO is to add an optional bit in the CHO-Config IE if existing RRC configurations can be used to return back to the serving cell after CHO to a neighbor cell. We note that similar to CHO, the network can control to use or cancel RCHO on a UE. 

Observation 1: Similar to CHO, the network can control to use or cancel RCHO on a UE. 

Enabling RCHO requires following enhancements:

· If RCHO is enabled, the UE will record full configurations of the serving cell and keep it after CHO to a target cell.  

· UE shall inform the target cell if it has RCHO configured when sending RRCReconfigurationComplete to the target cell
· Network can provide CHO conditions for return CHO back to the previous serving cell right after receiving RRCReconfigurationComplete message by sending a new RRCReconfiguration message
· Target cell informs the source about utilizing RCHO based on RAN3 decision.

Observation 2: Enabling RCHO can reduce the signaling overhead and CHO interruption time which are more crucial in FR2.  
RRC Update
To study the ASN.1 impact, we use the running RRC CR on NR mobility enahcnement submitted to this meeting as the baseline [4]. As mentioned earlier, RRCReconfiguration and RRCReconfigurationComplete messages should be updated.
RRCReconfiguration
The running CR suggests to add cho-config-r16 to the RRCReconfiguration message as follows:
[image: image1.tiff]RRCReconfiguration-vl6xy-IEs :: SEQUENCE {
cho-Config-rl6 CHO-Config-r16 OPTIONAL,
daps-SourceRelease-rl6 ENUMERATED true} OPTIONAL,

nonCriticalExtension SEQUENCE {} OPTIONAL




We suggest to add a Boolean IE to cho-config-r16 to indicate if existing configurations on the serving cell can be used for RCHO by the UE. We call the Boolean IE returnCHO-Config.
CHO-Config information element
-- ASN1START

-- TAG-CHO-CONFIG-START

CHO-Config-r16 ::=                    SEQUENCE {

    attemptCHO-r16                          ENUMERATED {true}              OPTIONAL,   -- Need N

    cho-ConfigToRemoveList-r16              CHO-ConfigToRemoveList-r16     OPTIONAL,   -- Need N

    cho-ConfigToAddModList-r16              CHO-ConfigToAddModList-r16     OPTIONAL,   -- Need N

    returnCHO-Config




    BOOLEAN





   OPTIONAL,   -- Need N
    ...

}

CHO-ConfigToRemoveList-r16 ::=              SEQUENCE (SIZE (1.. maxNrofCHO-Cells)) OF CHO-ConfigId-r16

-- TAG-CHO-CONFIG-STOP

-- ASN1STOP

	CHO-Config field descriptions

	cho-ConfigToAddModList
List of the configuration of candidate cells to be added or modified.

	Cho-ConfigToRemoveList
List of the configuration of candidate cells to be removed. When the network removes the stored CHO configuration for a candidate cell, the network releases the measIDs associated to the cho-ExecutionCond if it is not used by the cho-ExecutionCond of other candidate cells.

	returnCHO-Config

If UE can use existing configurations of the serving cell to perform return CHO to it from another cell in future (true).


RRCReconfigurationComplete
The UE should inform the target cell about availability of RCHO configurations as soon as possible. We therefore suggest to add a Boolean IE in RRCReconfigurationComplete message to indicate about the availability of RCHO configurations. We call the IE returnCHO-Configured as follows.
RRCReconfigurationComplete-v16xy-IEs::=            SEQUENCE {

    returnCHO-Configured                        BOOLEAN                                                    
    nonCriticalExtension                        SEQUENCE {}                                                       

}
	RRCReconfigurationComplete-IEs field descriptions

	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).

	returnCHO-Configured

If the UE has CHO configurations from the previous serving cell to perform CHO towards that cell. (true) 


Procedures

The running CR has proposed following text for CHO-Config and we suggest the update as follows.

----------------- 

5.3.5.x  Conditional handover configuration (CHO-Config)

5.3.5.x.1
 General

The network configures the UE with one or more target candidate cells in the conditional handover configuration. The UE evaluates the condition of each configured target candidate cell. The UE applies the conditional handover configuration associated with one of the target cells which fulfils associated execution condition. The network provides the configuration parameters for the target cell in the CHO-Config IE.

The UE performs the following actions based on a received CHO-Config IE:

1>
if the CHO-Config contains the cho-ConfigToRemoveList:

2>
perform conditional handover configuration removal procedure as specified in 5.3.5.x.2;

1>
if the CHO-Config contains the cho-ConfigAddModList:

2>
perform conditional handover configuration addition/modification as specified in 5.3.5.x.3;

1>
if the CHO-Config contains the returnCHO-Config:

2>
perform return conditional handover configuration procedure as specified in 5.3.5.x.y;

Text Omitted … 

 5.3.5.x.y
Return CHO Configuration
The UE shall:

1> if the CHO-Config contains the returnCHO-Config with value False:

2> delete contents of VarReturnCHO-Config
1> else:
2>record full configuration of the serving cell in VarReturnCHO-Config
----------------

5.3.5.3
Reception of an RRCReconfiguration by the UE
Text Omitted … 

1>
set the content of the RRCReconfigurationComplete message as follows:



2>
if the RRCReconfiguration includes the CHO-Config-r16 containing returnCHO-Config with 



Trure value:




3> include returnCHO-Configured with value true in RRCReconfiguration 
----------------

7.4
UE variables

Text Omitted … 

· VarReturnCHO-Config
The UE variable VarReturnCHO-Config includes the full configuration of the serving cell which the UE can use to perform CHO back after a successful HO to a targert cell. 

VarReturnCHO-Config UE variable

-- ASN1START

-- TAG-VARRETURNCHO-CONFIG-START

VarReturnCHO-Config ::=                    SEQUENCE {

    returnCHO-FullConfig


       OCTET STRING                        

OPTIONAL
}

-- TAG-VARRETURNCHO-CONFIG-STOP

-- ASN1STOP
Security Key Update Procedure 
For the security key used for the target cell, upon UE receiving the CHO-Config command from serving cell, UE can derive the key for target cell and key for return CHO back to current serving cell from the target and serving cells’ PCI and DL frequency. UE can store the key of the return CHO together with configuration of the serving cell, and apply it directly once the UE performs RCHO. 

Observation 3: Upon UE receiving the CHO-Config command from serving cell comprising returnCHO-Config, UE can derive the key for target cell and key for return CHO back to current serving cell from the target and serving cells’ PCI and DL frequency. UE can store the key of the return CHO together with configuration of the serving cell, and apply it directly once the UE performs RCHO. 

3 Conclusion
We made following observation and proposals:
Observation 1: Similar to CHO, the network can control to use or cancel RCHO on a UE. 

Observation 2: Enabaling RCHO can reduce the signaling overhead and CHO interruption time which are more crucial in FR2.  

Observation 3: Upon UE receiving the CHO-Config command from serving cell comprising returnCHO-Config, UE can derive the key for target cell and key for return CHO back to current serving cell from the target and serving cells’ PCI and DL frequency. UE can store the key of the return CHO together with configuration of the serving cell, and apply it directly once the UE performs RCHO. 

Proposal 1: Approve Return CHO (RCHO) as defined in Section 2.2

Proposal 2: Send an LS to RAN3 to inform them about introduction of Return CHO.
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