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1. Introduction 
In RAN2#105bis meeting [1], RAN2 agreed that 

Agreements

1 
The CHO command contains at least the configuration information of target cell(s) and triggering conditions. 

In RAN2#106 meeting [2], RAN2 agreed that 

Agreements

1
Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 

2
The source cell decides on the condition for the execution of CHO. 

3
The source cell adds the condition for the execution of CHO to the RRC message sent to UE.

4
Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.

5
CHO execution does not trigger measurement report.

6
A3/A5-like CHO execution condition shall be specified.
In this contribution, we discuss problems in evaluation of CHO execution condition and the configuration of CHO execution condition. We distributed a draft version of this paper to provide more information on “Question 17 Should RAN2 consider any solution to fix the problems in evaluation of CHO execution condition? If Yes, which option(s) can be used?” in [106#42] [NR/LTE/mob enh] CHO configuration [3].
2. Discussion

The current running CR on 38.300 in NR WI [4] says,

7.
UE maintains connection with source gNB after receiving CHO configuration, and starts to evaluate the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies corresponding configuration for that candidate cell and synchronises to that candidate cell.

The current running CR on 36.300 in LTE WI [5] says,

8. 
UE maintains connection with source eNB after receiving CHO configuration, and starts to evaluate the CHO triggering conditions for the CHO candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO triggering condition, the UE detaches from the source eNB, applies corresponding configuration for that target cell and synchronises to the target eNB. 

However, the current running CRs have problems in evaluation of CHO execcution condition and can mislead the UE’s behaviours. Table 1 and 2 show two examples where the CHO preparation event is A3 2 dB with TTT of 80 ms and the CHO execution condition is A3 5 dB with TTT of 80 ms. The L1 to L3 period of 40 ms is used. The elapsed time between sending MR and receiving CHO configuration is assumed as 20 ms. The states are defined as below,
· State 1: entry condition for CHO preparation is fulfilled;
· State 2: entry condition for CHO preparation is fulfilled during TTT, and the UE initiates MR;
· State 3: the UE receives a CHO configuration;
· State 4: entry condition for CHO execution is fulfilled;
· State 5: entry condition for CHO execution is fulfilled during TTT, and the UE initiates CHO execution.

Following the current running CRs, the UE’s behaviour is option 1, but it is a wrong behaviour and it can delay the CHO execution (highlighed in green) as shown in Table 1 and 2. In the second example scenario, the UE performs the CHO execution to ‘not best target’ (i.e., the UE executes a HO to not cell Y (i.e., the best target) but cell X as shown in Table 2.

Observation 1: the current running CRs have problems in evaluation of CHO execcution condition and can mislead the UE’s behaviours, e.g., it can delay the CHO execution and the UE performs the CHO execution to ‘not best target’.

Table 1. The first example scenario of CHO preparation and execution

	Time (ms)
	T1
	T1+40
	T1+80
	T1+100
	T1+120
	T1+160
	T1+200

	Cell X A3 (dB)
	2
	4
	5
	(6)
	7
	8
	9

	Option 1
	State 1
	State 1
	State 2
	State 3
	State 4
	State 4
	State 5

	Option 2
	State 1
	State 1
	State 2&4
	State 3&4
	State 4
	State 5
	


Table 2. The second example scenario of CHO preparation and execution

	Time (ms)
	T1
	T1+40
	T1+80
	T1+100
	T1+120
	T1+140
	T1+160
	T1+200

	Cell X A3 (dB)
	2
	4
	5
	(6)
	7
	(7.5)
	8
	9

	Cell Y A3 (dB)
	1
	5
	7
	(8)
	9
	(10)
	11
	13

	Option 1
	X: State1
Y: N/A
	X: State1
Y: State1
	X: State2

Y: State1
	X: State3

Y: State1
	X: State4

Y: State2
	X: State4

Y: State3
	X: State4

Y: State4
	X: State5

Y: State4

	Option 2
	X: State1
Y: N/A
	X: State1

Y: S1&4
	X: S2&4

Y: S1&4
	X: S3&4

Y: S1&4
	X: State4

Y: S2&4
	X: State4

Y: S3&5
	
	


On the contrary, option 2 can be a correct behaviour and it can perform the CHO execution at the right time and to the best target. However, following the current running CRs, it can be impossible because the UE usually maintains only one latest filtered measurement result.
Observation 2: following the current running CRs, it can be impossible to perform the CHO execution at the right time and to the best target because the UE usually maintains only one latest filtered measurement result.
As an simple solution, TTT is not configured in the CHO execution condition as discussed in [6], [7], [8]. Without TTT, even following the current running CRs, it can perform the CHO execution at the right time and to the best target. However, we also agree that TTT may provide benefits in some scenarios to mitigate the risk performing too early CHO execution [7], [8]. Moreover, it is better to give some flexibility in configuring the CHO execution condition.
Observation 3: As an simple solution, without TTT, even following the current running CRs, it can perform the CHO execution at the right time and to the best target, however, it is not flexible.
As an alternative, the CHO execution condition can be configured using RRC Reconfiguration procedure and the UE can perform the evaluation of the CHO execution condition even before receiving the CHO configuration for the CHO candidate cell [9]. The UE can perform the CHO execution correctly and the UE only needs to maintain one latest filtered measurement result. 
Observation 4: As an alternative, the CHO execution condition can be configured using RRC Reconfiguration procedure and the UE can perform the evaluation of the CHO execution condition even before receiving the CHO configuration.

The other advantage of this configuration is that when the event to trigger MR and the CHO execution condition are met at the same time, the UE can know a pending handover earlier before receiving the CHO command and prepare the handover proactively [10]. For example, the UE can perform DL synchronization to the target cell earlier for the fast handover execution. In some other cases, the execution of the CHO is triggered just after the reception of the CHO configuration, i.e., the CHO execution condition is already fulfilled at the moment the reception of the CHO configuration message [11]. With TTT in the CHO execution condition, these cases can not be supported in option 1. In addition, it can help for fast handover failure recovery [12]. Even in CHO, if a CHO command is missed in the HO process, the UE goes very deep into a neighbor cell and suffers from severe interferences until an RLF is declared. If the CHO execution condition is met, but the UE does not have the CHO configuration, the UE can infer a strong possibility of an HO command failure and perform RRC connection re-establishment earlier even when T310 is not running. It can decrease the outage time and increase the user data rate significantly. In another case, for example an mMTC scenario, the gNB can configure the event to trigger MR higher than the CHO execution condition. Then, if UE-based handover (e.g., Cell Update Request) is supported, an mMTC device can execute the handover before an RLF occurs without any MR and signaling overhead.

Observation 5: The CHO execution condition configured using RRC Reconfiguration procedure can help for the fast handover execution, fast handover failure recovery, and a UE-based HO without any HO signaling in an mMTC scenario.

In addition, before we make a decision on how to include the CHO execution conditions, we need to discuss whether CHO execution condition is common for all candidate cells or not if multiple candidate cells are used [10], [13], [14]. In general, the event to trigger MR in the UE is configured with common offset plus optional cellIndividualOffset for the conventional handover as below,

Inequality A3-1 (Entering condition)
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This rule can be also applicable to the CHO execution condition. The CHO execution condition in the UE can be configured with common offset plus optional cellIndividualOffset. In general, a different value for common offet between the event to trigger MR and the CHO execution condition may be sufficient. If it is necessary, a different value for cellIndividualOffset can be configured for the CHO execution condition. If the CHO execution condition in the UE can be configured with common offset plus optional cellIndividualOffset, RRC Reconfiguration procedure is more proper than the HO command type of message (i.e., CHO configuration) to configure the CHO execution condition. Furthermore, it can also simplify the design of the CHO configuration.

Observation 6:  The CHO execution condition can be configured with common offset plus optional cellIndividualOffset using RRC Reconfiguration procedure.
Observation 7: The CHO execution condition configured using RRC Reconfiguration procedure can simplify the design of the CHO configuration.
If the CHO execution condition is configured using RRC Reconfiguration procedure, the CHO configuration can use the same principle as the conventional HO command. In other words, the source eNB/gNB can transparently (i.e. does not alter values or content) forward the handover command received from the target to the UE.
3. Conclusion
Observation 1: the current running CRs have problems in evaluation of CHO execcution condition and can mislead the UE’s behaviours, e.g., it can delay the CHO execution and the UE performs the CHO execution to ‘not best target’.

Observation 2: following the current running CRs, it can be impossible to perform the CHO execution at the right time and to the best target because the UE usually maintains only one latest filtered measurement result.
Observation 3: As an simple solution, without TTT, even following the current running CRs, it can perform the CHO execution at the right time and to the best target, however, it is not flexible.
Observation 4: As an alternative, the CHO execution condition can be configured using RRC Reconfiguration procedure and the UE can perform the evaluation of the CHO execution condition even before receiving the CHO configuration.

Observation 5: The CHO execution condition configured using RRC Reconfiguration procedure can help for the fast handover execution, fast handover failure recovery, and a UE-based HO without any HO signaling in an mMTC scenario.

Observation 6:  The CHO execution condition can be configured with common offset plus optional cellIndividualOffset using RRC Reconfiguration procedure.
Observation 7: The CHO execution condition configured using RRC Reconfiguration procedure can simplify the design of the CHO configuration.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to discuss the problems in evaluation of CHO execution condition in the current running CRs.

Proposal 2: If the problems need to be fixed, RAN2 is requested to consider any solution:
a)
Option 1: not introduce the TTT configuration for the CHO execution condition;
b)
Option 2: after receiving the CHO configuration, the UE starts to evaluate the CHO execution condition and the UE consider the entering condition is fulfilled based on past measurement results before the CHO configuration (, however this mandates that the UE keeps some past measurement results);
c)
Option 3: the CHO execution condition can be configured using RRC Reconfiguration procedure and the UE can start to evaluate the CHO execution condition even before receiving the CHO configuration;
d) Option 4: any other option.
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