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Introduction
In mobility enhancement, conditional handover was agreed for handover robustness improvements, and following agreements were achieved for NR mobility in RAN2 #106 meeting. 
	Agreements
1	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer-based mechanism for the UE to deconfiguration of the CHO candidates)
2	Baseline that configuration of all CHO candidates is released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.


On the FFS marked in yellow, we see the benefit and importance to keep the CHO candidates after HO (i.e. consecutive CHO). In this paper we introduce consecutive CHO (CCHO) as an enhancement to CHO particularly in FR2 networks. In CCHO, the UE is configured to perform CHO within a cluster of two or more neighboring cells all prepared to admit the UE in their cells. In this method, the UE will keep the CCHO configurations even after performing HO to a neighboring cell upon CHO. If conditions are met for CHO to a new (or previous) cell, the UE performs CHO without the need to receive new CHO configuration signaling. CCHO reduces RRC signaling needed for regular CHO. We elaborate on signaling enhancements needed to implement CCHO and address issues such security key updating facilitating deployment of CCHO.
Discussion	
Background on CHO in FR2
NR is expected to work in the frequency range higher than 24 GHz known as FR2. UE beams are directional in FR2 and therefore when a UE moves or rotates it may experience rapid signal degradation. Such rapid degradation will result in increased signaling, a high frequency of HO and associated failure rates, and finally, more ping-pong between cells. Therefore, HO is considerably more challenging in NR at FR2 than in LTE. 
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.
Simulation Assumptions 
In order to study the mobility performance of NR UEs operating at FR2, it is critical to incorporate the impact of antenna radiation patterns in simulations to more accurately model the impact of UE movements on the received/transmitted signal power. In addition to antenna radiation patterns, the number of antenna panels and their locations (front and/or back) also impact mobility performance. In RAN2#105, we proposed a simulation model to be used when studying NR mobility in FR2 [4] based on studies in RAN1 and RAN4. In this paper, we use the same simulation model from [4] for the dense urban network in Table 5.2.1.2-1 of TR 38.803 [5].

A summary of relevant parameters from TR 38.803 [5] is given in Table 1:
Table 1: Summary of Simulation Model for FR2
	Scenario (in TR38.803)
	Indoor hotspots
	Dense Urban
	Urban Macro

	Network Layout Model
	Table 5.2.1.3-1
	Table 5.2.1.2-1
	Table 5.2.1.1-1

	Propagation Model
	Section 5.2.2

	BS Antenna Model
	Table 5.2.3.2.3-1
	Table 5.2.3.2.2-1
	Table 5.2.3.2.1-1

	UE antenna element pattern
	Table 5.2.3.3-1

	UE Elevation distribution
	Fixed at 90

	Indoor ratio
	100%
	0%(baseline), 20%, 100%

	Blockage Modeling
	No body blockage and hand grip modelling

	Channel bandwidth
	200MHz
	200MHz
	200MHz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	BS max TX power 
	23dBm
	43dBm
	33dBm

	UE max TX power 
	23dBm
	23dBm
	23dBm

	UE min TX power 
	-40dBm
	-40dBm
	-40dBm

	BS Noise figure 
	9dB

	UE Noise figure 
	9dB

	Minimum SINR (for outage)
	-8dB



Simulation Results
In RAN2#106, it was discussed if it is beneficial for the UE to keep CHO configurations after CHO. 
We simulated the time of stay (ToS) at each cell for all UEs in the network. In this simulation, UEs are rotating with a frequency of 0.2 Hz at a fixed location. Figure 1 shows the CDF of ToS. It is observed that for at least 60% of handovers the ToS is less than 2 seconds. Given the relatively short ToS, it is understood that the network may not have enough time to configure CHO on the UE assuming that 400 ms is needed for L3 filtering and some other latencies are also associated with configuring CHO such as neighbor cell preparation.
[image: ]
Figure 1: CDF of Time of Stay

Observation 1: For at least 60% of the handovers the time of stay is less than 2 seconds.

We previous showed in [1] that number of attempted HO is large in FR2 due to rapid rate of change in RSRP on account of signal directionality.

Observation 2: Number of attempted HO is large in FR2 due to rapid rate of change in RSRP on account of signal directionality.

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.

Based on above observations, it is understood the time of stay at a cell after CHO maybe very short in FR2 networks. Furthermore, the network should frequently prepare neighboring cells and configuring CHO on its UEs increasing volume of RRC signaling for UE as well as inter cell signaling over Xn. 

It is therefore beneficial if the UE can reuse previous CHO configurations whenever applicable. In this scenario, which we call consecutive CHO (CCHO), we can consider that the UE is provided with configurations and conditions to perform CHO from each cell in the cluster to other cells within the cluster. In CCHO, the UE keeps all CHO configurations after HO and thus one CHO command is used for more than one CHO. 

It is understood that by incorporating CCHO, 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.

Consecutive CHO (CCHO)
Benefit
[bookmark: _GoBack]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, as shown in Figure-2, due to short stay in cell-2, it is also risky that NW in cell-2 cannot receive the MR or cannot provide the CHO command timely to UE, which will lead to RLF. 
Observation 3: One-short Conditional Handover (i.e. release CHO candidate after CHO execution) may not reduce the RLF/HOF probability in FR2 specific HO. 
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Figure-2: One-short Conditional Handover Procedure
For the FR2 consecutive HO scenario, if one CHO command can control more than one CHO, then it could reduce the RLF/HOF probability. In addition, it can also reduce the signaling overhead. As shown in Figure-3, with the CCHO enhancement, UE can execute the CHO consecutively in cell-2 and cell-3 and doesn’t need to wait for the CHO from network. 
[image: ]
Figure-3: Consecutive Conditional Handover

Proposal 1: Consecutive conditional handover (CCHO) should be considered for NR mobility robustness enhancement, i.e. one CHO command can be applied for more than one consecutive CHO. 
Proposal 2: NW can control UE to release or keep the CHO candidates after CHO completion.  
Signalling Procedure
According to RAN2 agreements, one CHO command includes two parts: 1) CHO condition set (i.e. different condition for different candidate cell) is provided by source cell, and 2) candidate cell’s configuration is provided by candidate cell. 
For consecutive CHO command, it also includes two parts:
1) Candidate cell’s configuration: it is provided by candidate cell/NB;
2) CHO condition set: there will be multiple CHO condition sets provided by source cell and each candidate cells. 
a. The set provided by source cell is applied on the first CHO command;
b. The set provided by candidate cell is applied when the candidate cell becomes UE’s PCell. 
Figure-4 provides a message flow to explain the working mechanism. 
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Figure-4. Consecutive Conditional Handover Procedure
Procedure explanation: 
1> UE connects to cell#1, and network triggers CHO handover for the UE;
2> During network handover preparation phase, 
a. NB#2 and NB#3 understand the potential handover cell set include cell#1, cell#2 and cell#3;
b. NB#2 provides cell#2 configuration and CHO Condition Set#2(for handover to cell#1#3) to NB#1;
c. 	NB#3 provides cell#3 configuration and CHO Condition Set#3(for handover to cell#1#2) to NB#1;
3> NB#1 provides the CHO Condition Set#1(for handover to cell#3#2), and assembles the CHO Command to include all information to send to UE;
4> Upon receiving the CHO Command, UE stores all the configurations of cell#1#2#3, and stores the CHO Condition Set#1#2#3;
5> UE applies Condition Set#1 to evaluate the cell#2#3’s radio quality;
6> When UE decides to handover to cell#2, UE applies the cell#2 configuration, and transmit HO Complete message to NB#2, and applies the CHO Condition Set#2 to evaluate cell#1#3’s radio quality;
7> When UE decides to handover to cell#3, UE applies the cell#3 configuration, and transmit HO Complete message to NB#3, and applies the CHO Condition Set#3 to evaluate cell#1#2’s radio quality. 
8> When UE decides to handover to cell#2, UE applies the cell#2 configuration, and transmit HO Complete message to NB#2, and applies the CHO Condition Set#2 to evaluate cell#1#3’s radio quality. 

According to the procedure explanation, the consecutive CHO has only two additional designs based on one-short CHO design:
1>  During handover preparation phase, target NB provides its own CHO condition set; 
2>  UE keeps the CHO configurations after CHO completion, and releases it based on network explicit indication. 

We note that the UE can derive and store the full CHO configuration information regardless the delta configurations provided by the network.

Proposal 3: For each candidate cell, it can provide its own CHO condition set for handover to other cells.
Proposal 4: Upon receiving CHO command, UE will store all the candidate cell’s full configuration and all CHO condition sets, and apply the CHO condition set when its provider is the current PCell. 
Security Key Update Procedure 
For the security key used for the target cell, upon UE receiving the CHO command from cell#1, UE can derive the target key of the cell#2 and cell#3 on the Kgnb of cell#1 and the target cell’s PCI and DL frequency. UE can store the key of the target cell together with configuration of the target cell together, and apply it directly once the UE accesses to the target cell. 

Proposal 5: Upon receiving CHO command, UE will derive and store the security key of each candidate cell which is based on the Kgnb of current cell and the PCI&DL frequency of the candidate cell, and apply the security key when its provider is the current PCell.

Conclusion
According to the analysis in section 2, we made following observation and proposals:
Observation 1: For at least 60% of the handovers the time of stay is less than 2 seconds.
Observation 2: Number of attempted HO is large in FR2 due to rapid rate of change in RSRP on account of signal directionality.
Observation 3: One-short Conditional Handover (i.e. release CHO candidate after CHO execution) may not reduce the RLF/HOF probability in FR2 specific HO. 
Proposal 1: Consecutive conditional handover (CCHO) should be considered for NR mobility robustness enhancement, i.e. one CHO command can be applied for more than one consecutive CHO. 
Proposal 2: NW can control UE to release or keep the CHO candidates after CHO completion.  
Proposal 3: For each candidate cell, it can provide its own CHO condition set for handover to other cells within CCHO cluster.
Proposal 4: Upon receiving CHO command, UE will store all the candidate cell’s full configuration and all CHO condition sets, and apply the CHO condition set when its provider is the current PCell. 
Proposal 5: Upon receiving CHO command, UE will derive and store the security key of each candidate cell which is based on the Kgnb of current cell and the PCI&DL frequency of the candidate cell, and apply the security key when its provider is the current PCell.
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