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1. Introduction
The handover ping-pong problem has been identified related with mobility setting change negotiation, and several solutions were proposed in TR 37.822. In last RAN3 meeting, the evaluation criteria for these solutions were discussed and agreed. Based on these criteria, this contribution makes analysis and evaluation on the solutions one by one for decision in RAN3.
2. Discussion
2.1. Analysis of solution 1
The first solution is identified as follows,
1.
Solution without additional information
The existing information such as load information, Handover Cause Value, measurement configuration, QoS parameters and UE capabilities can be used to assess the reason and the offset used for a handover. The serving eNB can estimate the likelihood of connection failure of the served UEs and trigger handovers to previous serving cells only when needed from a radio conditions point of view. Therefore, current specifications enable an eNB to have enough information for avoiding unnecessary handovers back to the source cell.

· Flexibility (adaptation)
Based on the HO cause, the target eNB can know the motivation (e.g. load balancing) of this inbound handover. Based on the measurement configuration in the RRC context container, the target eNB knows the signal offset between source and target cell when the handover was triggered. Furthermore, from the HANDOVER REQUEST message, it can also obtain the UE capability, release version, bearer QoS etc. With these information, the target eNB can deduce that the source cell applies the specific handover trigger offset for what type of UE. At the same time, based on the channel measurement feedback and internal handover policy corresponding to the current type of UE, the target eNB can assess, for example, at what trigger point a handover would be unnecessary (i.e. causing Ping-pong), and at what trigger point would be too late, then it can make decision to trigger handover back the UE at the proper offset.  
Thereby, solution 1 has good adaptation flexibility.
· Flexibility (future development)
Since this solution is based on existing information, it is flexible for future extension.  If new UE capabilities or bearer types were introduced, it would be able to apply new policies for any type of UEs so far as the handover algorithm in the base station takes the new capabilities or bearer types into account.
· Ping-pong and connection failure avoidance
Since the target eNB can know at what trigger point a handover would be too early, e.g. leading to ping-pong; and at what trigger point would be too late, e.g. leading to RLF. Thus this solution can avoid ping-pong handover and connection failures.
· Ability to optimize other aspects (e.g. QoS)
Since the target eNB knows the UE bearer’s QoS, it can take into these information account when making proper handover decision. 
· Standardisation and implementation effort
This solution is based on the existing information and depends on the eNB internal algorithm, thus has no impact on standardization. The implementation complexity is subject to the specific algorithm.
2.2. Analysis of solution 2
The second category solution is identified as follows,

2.
Solution with additional information but without pre-defined UE groups.
In this solution the source eNB sends an indication in the handover request to the target eNB to give additional information about each handover.

a.
Signal the offset from the agreed handover trigger used for this handover.

b.
Signal a timer to inform the target that it should not hand over the UE back to source within the given time.

c.
Signal a group identity (defined at source as a bit string) in the Mobility Setting Change procedure; later, the target, if it accepted the new mobility settings, applies the new settings to the UEs handed over successfully with the same group identity signaled in the HO preparations.

· Flexibility (adaptation)
· In our understanding, solution 2a is covered by solution 1, because the target eNB can obtain the measurement configuration in the source cell from the AS-Config context contained in the HANDOVER REQUEST message, i.e. the target cell can know the used trigger offset for this handover. 
Besides this offset, other existing information, e.g. UE capability, release version, bearer QoS etc. can also be considered for handover decision for this UE, similar to solution 1. Thereby, solution 2a has the same adaptation flexibility as the solution 1.
· Solution 2b forbids the target eNB to trigger handover during the period defined by the timer, and doesn’t consider different policies for different UE types. Thus the adaptation flexibility of solution 2b is not good.
· Solution 2c allows the target eNB to adopt different offset for different UE groups according to mobility setting negotiation results. Thus, solution 2c has good adaptation flexibility.
· Flexibility (future development)
· Solution 2a is similar to solution 1, using existing information for UE differentiation when applying mobility policies. Thus the flexibility of future development depends on the implementation of handover algorithm. 
· For solution 2b, the timer setting may have no relation with UE types. Thus, the flexibility of future development isn’t applicable to this solution.

· For solution 2c, the UE group is defined by the source eNB, which is an internal classification but not a general one. Thus the future extension flexibility could be good depending on the internal algorithm implementation.
· Ping-pong and connection failure avoidance
· Similar to solution 1, solution 2a can avoid ping-pong and connection failures.
· The timer is set by the source eNB, thus solution 2b can avoid ping-pong. However, solution 2b might not avoid connection failure, because the handover decision in target eNB may not be at the proper offset due to constraint by the timer.

· For solution 2c, since the target eNB don’t know the real UE type corresponding to the group defined by the source eNB, it would be not aware whether the handover trigger offset is appropriate for the current UE group. Thus the ping-pong can be avoided but connection failures might occur.
· Ability to optimize other aspects (e.g. QoS)
· For solution 2a, based on the algorithm in target eNB, QoS could be considered in mobility policy.
· For solution 2b, the handover decision in target eNB is constrained by the timer, thus it has restricted ability to consider QoS.
· For solution 2c, the handover trigger should be complied with the setting specified by the source eNB. If the offset setting considers the QoS aspect in the source eNB, this solution can optimize this aspect.
· Standardisation and implementation effort
All the three alternatives need to change HANDOVER REQUEST message and further solution 2c needs to change the Mobility Settings Change signalling.
· From the implementation point, the complexity of solution 2a is subject to specific algorithm.  
· For solution 2b, only a timer needs to be set, the implementation is relative simple.

· For solution 2c, the source eNB needs to define the UE group, and apply different mobility policies for different groups. Taking into account of the related aspects (e.g. UE capability, release, service type etc.) its complexity is approximate to the algorithm of solution 2a (or solution 1).
2.3. Analysis of solution 3
The third category solution is identified as follows,

3.
Solution with pre-defined UE groups
In this solution, the groups are defined in the standard. The mobility settings change procedure is extended to include negotiation of the predefined groups.

a.
The eNB exchange the group ID in the handover request.

b.
The groups are based on commonly known parameters, like UE capabilities or release or bearer class or UE behavior (e.g. UE mobility state as known by the network).

In our understanding, 3a is not a complete solution on pre-definition of UE groups. As explained in R3-131833[1], the general and unified definition of UE group should be based on the common and well-known parameters, e.g. those enumerated in 3b. Consequently, the base stations from different vendors can reach consistent understanding on the definition of every UE group, so that the inter-operability can be guaranteed between multi-vendors. 

The following analysis focuses on solution 3b.
· Flexibility (adaptation)
Since every related aspect is considered in UE group definition, the target eNB can apply the mobility policy on all groups, and thus this solution has good adaptation flexibility.
· Flexibility (future development)
With the evolution of LTE standard and introduction of new UE capabilities or new service bearer type, it may be inevitable to extend the original UE group definition. However, considering the large amount of combination of UE capabilities, release version, mobility states and bearer types etc., it seems impossible to enumerate and define every possible classification. Also considering the unpredicted extension of UE capabilities, the UE group definition and future extension is very challenging. 
Thereby, the future extension flexibility of this solution is not good.
· Ping-pong and connection failure avoidance
On the basis of pre-definition of UE group, the target eNB could be aware to which UE group the negotiated handover trigger offset would be applied Then according to the internal mobility policy, the eNB could know, for a specific type of UE, whether such handover offset is just proper, or too early (then likely leading to ping-pong), or too late (then likely leading to RLF). 

Thus this solution can avoid the ping-pong or connection failures.
· Ability to optimize other aspects (e.g. QoS)
Assuming UE group definition considers bearer types, this solution has ability to optimize QoS.
· Standardisation and implementation effort
In the Mobility Setting Change signaling messages, group ID should be included. The definition of UE group needs to be based on UE capabilities, release version, mobility states and bearer types etc. 

Considering the large amount of combination of these aspects and the future extension of UE group, the standardization effort is very high. And the implementation effort is subject to the method of UE classification and the HO algorithm in the eNB.
2.4. Summary of evaluation for three solutions
Comparisons of these solutions are summarized in the table below.

Table 1.  Comparison of solutions for ping-pong events
	
	Solution 1
	Solution 2
	Solution 3(3b)

	
	
	2a
	2b
	2c
	

	Flexibility (adaptation)
	Good
	Good
	Bad
	Good
	Good

	Flexibility (future development)
	Good
	Good
	N/A
	subject to algorithm implementation
	Bad

	Ping-pong and connection failure avoidance
	Yes
	Yes
	Can avoid ping-pong, 
while might not avoid connection failure
	Can avoid ping-pong, 
while might not avoid connection failure
	Yes

	Ability to optimize other aspects (e.g. QoS)
	Yes
	Yes
	No
	Possible
Depending on the algorithm in source eNB
	Yes

(assuming UE group definition considering QoS)

	Standardisation and implementation effort
	No standardization impact; 
implementation effort subject to algorithm in target eNB
	Low standardization impact; 
implementation effort subject to algorithm in target eNB
	Low standardization/ implementation effort
	Low standardization effort; 
implementation effort subject to algorithm in source eNB
	High standardization effort;  implementation effort subject to the UE classification and algorithm in  eNB



3. Proposal
In this contribution, based on the five criteria the three category solutions for the ping-pong events are analyzed and evaluated, and then it is proposed
Proposal: RAN3 discusses the above analysis and evaluation, and agrees to capture the following TP into the TR 37.822.
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Evaluation of solutions:
Based on the five criteria, these solutions are evaluated and compared in the table below.
Table 4.1.1-1.  Comparison of solutions for ping-pong events
	
	Solution 1
	Solution 2
	Solution 3(3b)

	
	
	2a
	2b
	2c
	

	Flexibility (adaptation)
	Good
	Good
	Bad
	Good
	Good

	Flexibility (future development)
	Good
	Good
	N/A
	subject to algorithm implementation
	Bad

	Ping-pong and connection failure avoidance
	Yes
	Yes
	Can avoid ping-pong, 
while might not avoid connection failure
	Can avoid ping-pong, 
while might not avoid connection failure
	Yes

	Ability to optimize other aspects (e.g. QoS)
	Yes
	Yes
	No
	Possible

Depending on the algorithm in source eNB
	Yes

(assuming UE group definition considering QoS)

	Standardisation and implementation effort
	No standardization impact; 
implementation effort subject to algorithm in target eNB
	Low standardization impact; 
implementation effort subject to algorithm in target eNB
	Low standardization and implementation effort
	Low standardization effort; 
implementation effort subject to algorithm in source eNB
	High standardization effort;  
implementation effort subject to the UE classification and algorithm in  eNB
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