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1
Conditional Handover making up for NR baseline HO
It is evident that NR SA whenever adopting over6GHz frequency as a serving frequency will face the unprecedented type of channel deteriorate. The main observations from multiple companies which did the field test on over6GHz frequency mobility including Ericsson, Samsung, Intel etc were that there could be a fast link quality degradation (i.e., blocked by some obstacle between UE and the gNB antenna regardless of moving or static material, or beam misalignment from UE’s fast rotation etc.). This situation makes the control plane transaction based on legacy protocol and settings unstable. In detail, transmission of measurement report message to the serving eNB, and receiving handover command from the serving eNB timely might be unsuccessful much more than LTE case. Accordingly, this makes poor handover performance even compared to the LTE case. We might call this LTE based handover mechanism as baseline handover by assuming that the performance of this also follows that of LTE. But it is not true. Even the baseline handover designed in NR SA cannot achieve the baseline handover performance. 

Observation 1. Adopting higher frequency, current NR baseline handover cannot achieve the baseline performance as in LTE case in reliability perspective. 
Considering NR SA deployment, before getting the enhanced performance in one metric (especially for the latency related), we have to consider how we can compensate the degraded performance due to adopting NR in other metric (reliability related) at least to the same level of legacy handover mechanism. Moreover, even though other mobility enhancement solutions are adopted which mostly intends to reduce handover latency, this unreliability problem still happens at the same extent. Conditional handover mechanism is not the counter part of other latency solutions but the accompanying mechanism along with other solutions. Therefore, even conditional handover is specified in this release, other latency enhancing solutions should be considered further. 
In summary, there is known problem in reliability of NR SA baseline handover, and only conditional handover is the solution for this problem among the mobility enhancement candidate solutions. 

Based on above observations we have the following proposals. 
Proposal 1. The essential feature of the conditional handover should be considered for the specification if CHO is considered to be specified within Rel-15. 

2 Essential Features of Conditional Handover
2.1 Required functions
First of all, we have to look at which component functions constitute the conditional handover operation. In this chapter we only focus on the required functions for the conditional handover. Based on the input and discussion on this chapter, we can go further round on the spec impact and solution details. Even there could be variety of forms of conditional handover, based on the Rel-15 timeline, we had better keep the minimum of the functionalities which can still outperform the baseline handover. And further enhancement can be considered in the next time given. The following is the table including the requirements considered to be supported for conditional handover. For each item, companies should give a comment on whether each item is necessary or not. If companies have additional functions to be added, they can put their comment after these listed items.
	No
	Description

	1
	Configuration of condition. Should be minimal i.e. by just signalling delta compared to MR that triggered CHO (e.g. just offset)


Companies’ comments on item 1:
	Company
	Necessary or not
	Comment

	OPPO
	Necessary
	This should be performed during handover preparation before CHO happens.

	Samsung
	Necessary
	This is the essential to be done during CHO preparation. We think the minimum would be to refer the measurement used to report the cell as conditional HO candidate cell and to just configure an delta to offset/ threshold or event type used in that reference measurement.

	KT
	Necessary
	It seems to be one of basic components for CHO HO

	Lenovo&MotoM
	Necessary
	Condition of CHO should be only offset compared to trigger condition for MR.

	LG
	Necessary
	Agree that the configuration for CHO should be minimal. How it is signalled requires further discussion.

	Qualcomm
	Necessary
	Condition configuration is essential for support of conditional HO but how to signal it is stage 3 details.

	KDDI
	Necessary
	We agree LG and  Qualcomm.


Conclusion 1. All companies regard this function as necessary.
	No
	Description

	2
	Configuration of additional timers
a) maximal duration for until HO execution
b) maximal availability of CF RA resources


Companies’ comments on item 2:
	Company
	Necessary or not
	Comment

	OPPO
	Neutral
	Both seems ok and not sure if we need to go to such level of details at the beginning of the discussion.  However, we tend to agree that naturally conditional handover should be configured with a validity area or timer or depending on availability or resources as Samsung mentioned.

	Samsung
	Not
	We think there is no real need for a) as we assume that source node removes conditional HO candidate cell, both towards UE and target gNB. This may be based on measurement report indicating that condition to configure cell as conditional HO candidate is no longer met (e.g. reportOnLeave)
We think there is no real need for b) as we assume it is no real burden to reserve a CFRA preamble until HO execution time. Moreover, we assume source should be able to modify configuration to be used in target cell so it could release CFRA resources after some time

	KT
	Necessary
	Limiting the conditional HO execution may be useful.

	Lenovo&MotoM
	Necessary
	It could be useful for some cases. 

	LG
	Necessary
	There could be situations that the source node may not get in touch with the UE. In this situation, the UE should determine until when the UE should try CHO. In this sense, the validity condition would be beneficial.

	Qualcomm
	Good to have
	Multiple candidate target cells need to reserve some radio resources for a UE so it may be better to define the validity time for the pre-allocated resources. We are not sure that a) and b) need to be separated and it’s not essential at this point of time.

	KDDI
	Neutral
	It might be useful for some cases, but also not sure whether to specify as necessary.


Conclusion 2. We have 1 Not, 2 Neutral and 4 positive to necessary. So This function also could regarded as a necessary one. Since there is not clear preference which timer is used yet, we would like to introduce a single timer for this and to find the detail through the further discussion.
	No
	Description

	3
	RRC complete message is only signalled upon execution of CHO message (but upon receipt of CHO message UE checks compliance and performs re-establishment in case of failure)


Companies’ comments on item 3:
	Company
	Necessary or not
	Comment

	OPPO
	Necessary
	

	Samsung 
	Necessary 
	To reduce additional RRC message design to cover CHO completion indication, RRC completion message only after CHO execution seems aligned to the LTE’s signalling principle. (This is better than as a RRC message response to the CHO reconfiguration.) 

	KT
	
	No strong opinion. 

	Lenovo&MotoM
	Necessary
	

	LG
	Necessary
	

	Qualcomm
	Necessary
	UE needs to inform RAN that which target cell is selected and it makes sense to use the HO complete message for that.

	KDDI
	Necessary
	


Conclusion 3. All companies said necessary. So this function is also regarded as Necessary.

	No
	Description

	4
	Reconfiguration that does not affect the configuration to be used in target cell


Companies’ comments on item 4:
	Company
	Necessary or not
	Comment

	OPPO
	Neutral
	If we understand correctly, this refers to P6-1 in R2-1802486.  It is not very clear to us why it is needed to be emphasized.  Normally if UE is in RRC connected state network can perform reconfiguration when necessary.

	Samsung 
	Not sure 
	As Oppo said, this is somewhat natural operation whenever network wants to configure the UE, UE can be configured. Our motivation is that we think it should be possible to continue using existing physical configuration until actual HO execution. I.e. we are not aware of physical reconfigurations that are really crucial to perform during this time

	KT
	Necessary
	Reconfiguration of source cell configuration may be necessary for updating the configuration with time.

	Lenovo&MotoM
	
	If UE receives s subsequent RRC reconfiguration related to HO command, the UE releases the CHO configuration.

If UE receives a subsequent RRC reconfiguration related to CHO command, the UE updates (delta configuration) the CHO configuration.

	LG
	Necessary
	As commented by other companies, the network can reconfigure at any time if the network feels necessary.

	Qualcomm
	Not sure
	We are not sure about the intention of the statement but we assume OPPO’s interpretation (it’s referring to P6-1 in R2-1802486).

As companies confirmed at item 2 CHO should take place in the limited time. So we are not sure if we need to optimize here.

The proposal may be fine if the reconfiguration is limited only for physical channel reconfiguration.

But if RAN triggers e.g. radio bearer reconfiguration, may be different handling is required.
It requires further discussion.

	KDDI
	Neutral
	We agree Samsung.


Conclusion 4. The most of companies’ opinions were that there is no need of CHO specific optimization but to follow the normal reconfiguration principle (i.e., whenever reconfiguration is necessary, the network can reconfigure UE.). So we can clarify that no optimization specific to CHO regarding reconfiguration not affecting the target cell configuration (used after CHO execution) is necessary. 
	No
	Description

	5
	Reconfiguration that affects the configuration to be used in target cell


Companies’ comments on item 5:
	Company
	Necessary or not
	Comment

	OPPO
	Necessary
	If we understand correctly, this refers to P6-2 in R2-1802486, we think that this means the conditional handover configurations can be updated which seems reasonable.

	Samsung 
	Necessary 
	Updating the stored target cell configurations is essential. Change of candidate target cells or add/release of DRB should be reconfigured.   

	KT
	Necessary
	Reconfiguration of target cell configuration may be necessary for updating the configuration with time.

	Lenovo&MotoM
	
	If UE receives s subsequent RRC reconfiguration related to HO command, the UE releases the CHO configuration.

If UE receives a subsequent RRC reconfiguration related to CHO command, the UE updates (delta configuration) the CHO configuration.

	LG
	Necessary
	The network can have freedom to reconfigure at any time if necessary. In this sense, this is necessary feature.

	Qualcomm
	Not sure
	It looks not essential but kind of optimization. Same comment as item 4


Conclusion 5. 1 not sure and 5 necessary. So most of companies have the opinion to have this as necessary function. But this also can be viewed as optimization.
	No
	Description

	6
	Configuration of multiple candidate cells


Companies’ comments on item 6:
	Company
	Necessary or not
	Comment

	OPPO
	Necessary
	We think this is very essential for conditional handover.

	Samsung 
	Not
	 Even though keeping the multiple cell prepared can guarantee the maximum performance gain, we don’t have the time to specify all the features. And changing candidate cell one by one also can give the good performance. So, How about leaving this feature in Rel-16 ?.

	KT
	Necessary
	We think it may improve the HO performance.

	Lenovo&MotoM
	Necessary
	It can improve the robustness of handover.

	LG
	Necessary
	Since the network may not be sure about the UE mobility, we think it is necessary to prepare multiple candidate cells.

	Qualcomm
	Necessary
	This is essential that RAN provides multiple candidate target cells as RAN can’t predict where the user will go in the future.

	KDDI
	Not
	It may enhance the robustness of handover. However, as Samsung mentioned, we don’t have enough time to specify all features.


Conclusion 6. 2 not 5 necessary. So this can be regarded as necessary function.
If companies have the additional functions to be considered, comment on it.

	Company
	Necessary or not
	Comment

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


By embracing all the input from the companies the essential function could be listed up as follows (actually same as the proposed essential functions in section 2.1):

· 1. Configuration of the condition 
· 2. Configuration of additional timer
· 3. CHO complete message only on CHO execution 
· 4. reconfiguration not affecting the configuration used in the target candidate cell at CHO execution (but we need no spec impact)
· 5. reconfiguration affecting the configuration used in the target candidate cell 

· 6. Configuration of multiple candidate cells
Based on the inputs, we make the proposals on each items for required functions for CHO:

Proposal 2-1. RAN2 should consider the configuration of HO condition as an essential function for conditional handover.

Proposal 2-2. RAN2 should consider to use a timer for the validity check of the resource reservation used in the target candidate cell.
Proposal 2-3. RAN2 should consider the CHO complete message only after the successful CHO execution.
Proposal 2-4. RAN2 should consider no spec change specific to CHO regarding reconfiguration not affecting the configuration used in the target candidate cell.

Proposal 2-5. RAN2 should consider that UE is reconfigured when the reconfiguration affecting the configuration used in the target candidate cells is given.

Proposal 2-6. RAN2 should consider the configuration of the multiple target candidate cells.

2.2 Spec impact and solution details 
Based on the conclusion in section 2.1, we listed up the functions required, and options possible for those functions. If the companies have different realization method, add that into the “required function and possible options” column in the table, and indicate the preferred option among listed.

1. Configuration of condition

	No
	Required function and possible options

	1-1
	Signaling of condition: 

Please note that normal HO should be a baseline. With this, there might be some options.

a) By referring the measurement configuration which triggered the network to configure the cell as conditional HO candidate and by adding delta info to be applied to the indicated measurement configuration. 

b) By configuring separate measurement configuration. i.e., CHO specific measconfig (including measObject and reportConfig) is signaled.

c) other signaling method.


Companies comments on the preferred solution and spec impact based on the current SA HO.

	Company
	Preferred option
	Comment

	Samsung
	a)
	We think the following scenario.

- The serving cell indicates triplet (measID triggered candidate cell addition, delta info and target cell info). UE will add/updates the measurement for CHO based on measID, delta info for the indicated target candidate cell. 
For the spec point of view, this signaling from the serving cell is necessary, and UE operation to update the measurement is necessary.


	
	
	

	
	
	

	
	
	

	
	
	


	No
	Required function and possible options (when the answer for 1-1 was a)

	1-2
	Delta information: 

Delta information added by the source cell: 

a) offset

b) offset or threshold

c) offset or threshold, or others (please add if you have)


Companies comments on the preferred solution and spec impact based on the current SA HO.

	Company
	Preferred option
	Comment

	Samsung
	b)
	No specific impact but updating reportConfig using delta info. Possible way of adopting delta info: simple offset could be used for changing to updated A3, while a pair of thresholds can be used for changing to updated A5 whatever the former event was used for indicated measID.

	
	
	

	
	
	

	
	
	

	
	
	


2. timer operation
	No
	Description of required function

	2
	Configuration of additional timers. Which one will be specified?
a) maximal duration for until HO execution
b) maximal availability of CF RA resources

c) others if any


Companies comments on the solution and spec impact based on the current SA HO.

	Company
	Preferred option
	Comment

	Samsung
	a)
	there is no further issue to be discussed (other than value range) since normal HO also has the same one.

	
	
	

	
	
	

	
	
	

	
	
	


3. RRC complete message signalling 

We think there is no specification change regarding this operation but stating that “UE sends the reconfiguration complete message to the target cell only after successful conditional handover execution” in the specification. 
4. Reconfiguration contents and signalling for not affecting configuration used in target candidate cell

First of all, we had better separate two types of reconfiguration in short, i.e., Type 1 and Type 2.

For more clear definition, Type 1 reconfiguration is reconfiguration only used for the source cell resource (not reconfiguring the resources which will be used after HO i.e., resource in the target cell), and Type 2 is reconfiguration affecting the configuration of resource in the target cell which will be used after CHO execution.
	No
	Description of required function

	4-1
	Type1 reconfiguration.

a) Whenever Type 1 reconfiguration is received, UE reconfigures the indicated fields.
b) When Type 1 reconfiguration is received, and this is related to normal HO command, UE releases the CHO configuration (from Lenovo&MotoM’s opinion)

c) 


Companies comments on the solution and spec impact based on the current SA HO.

	Company
	Preferred option
	Comment

	Samsung
	a),
	For a), there is no further issue to be discussed in the spec point of view. And b) seems independent issue so we don't exclude this.

	
	
	

	
	
	

	
	
	

	
	
	


5. Reconfiguration contents and signalling for affecting configuration used in target candidate cell

By the definition section 4, this configuration is Type 2. 
	No
	Description of required function

	5
	Type 2 reconfiguration. 

From the definition, if reconfiguration message includes candidate cell ID, then this is type 2 message. By the definition, Type 2 message can have both parts i.e., 1) change of the current configuration in the source cell 2) delta to be applied to the current cell configuration at CHO execution time.

a) If UE receives Type2 reconfiguration, UE reconfigures the current configuration (i.e., part 1), and store the delta info (part 2) based on the accompanied current configuration (part 1), to be used at CHO execution time. When type 2 reconfiguration only including part 1, then UE uses the previously signaled part 2 at CHO execution (i.e., there is no change of target cell config). When type 2 reconfiguration only including part 2, UE stores the delta info (part 2) based on the previously signaled part 1.




	Company
	Preferred option
	Comment

	Samsung
	a)
	Part 1 reconfiguration is the same as the current spec. So in the spec point of view, updating the stored info from part 2 is only necessary. 

	
	
	

	
	
	

	
	
	

	
	
	


6. Configuration of multiple target candidate cells

RAN2 specification impacts may be limited since most of inter-node signaling will be implementation.
	No
	Description of required function

	6
	Configuration of multiple candidate cells
a) The serving cell configures UE by including multiple triplets of (candidate, offset, measId)
b) 


	Company
	preferred option
	Comment

	Samsung
	a)
	There is no spec impact but triplet indication. By using this multiple triplets, the each target candidate cells can have the different serving frequency. i.e., measObj in the indicated measID can have the different serving frequency.

	
	
	

	
	
	

	
	
	

	
	
	


Conclusion on section 2.2: Since there is no further comments from the other companies for the section 2.2, it is proposed that FFS on the solution details on conditional handover and its impact to the current specification.   
Proposal 3. FFS on the solution details on conditional handover and its impact to the current specification.
3 Conclusions
We have the following proposals based on the discussion.

Proposal 1. The essential feature of the conditional handover should be considered for the specification if CHO is considered to be specified within Rel-15. 

Proposal 2-1. RAN2 should consider the configuration of HO condition as an essential function for conditional handover.

Proposal 2-2. RAN2 should consider to use a timer for the validity check of the resource reservation used in the target candidate cell.
Proposal 2-3. RAN2 should consider the CHO complete message only after the successful CHO execution.
Proposal 2-4. RAN2 should consider no spec change specific to CHO regarding reconfiguration not affecting the configuration used in the target candidate cell.

Proposal 2-5. RAN2 should consider that UE is reconfigured when the reconfiguration affecting the configuration used in the target candidate cells is given.

Proposal 2-6. RAN2 should consider the configuration of the multiple target candidate cells.

Proposal 3. FFS on the solution details on conditional handover and its impact to the current specification.
