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1      Introduction
In the Hetnet mobility enhancements WI, multiple UE based solutions have been proposed to improve handover performance. In this contribution, we evaluate each type of solutions and compare with network based solution and propose a way forward.
2      Discussion

During last RAN2#83bis meeting, 3 groups of UE based solutions remained under consideration. In this contribution, we evaluate each solution and compare them with network based solution. The UE based solutions are:
1. HO parameter scaling based on target cell type

2. Early HO command 

3. MSE based enhancements

HO parameter scaling based on target cell type
Based on the result from [3] and [4], it is concluded that there is some benefit to scale either A3offset or TTT based on serving cell type. However, the results show that there is no benefit to scale TTT based on target cell type. Scaling A3 offset on target cell type is already supported by current specification. Therefore, this solution does not need to be standardized. 
Observation 1: there is no need to standardize solution “HO parameter scaling based on target cell type”
Early HO command

Early HO command performs very well to improve Hetnet mobility robustness. In addition, this solution cannot be replaced by the network based solution. However, this solution requires signaling overhead. Below is the signaling overhead analysis under 2 scenarios:
· When the UE enters A3 event, HO is triggered and completed (data is taken from [7])
	Number of messages
	Current HO procedure
	Early HO command

	UU interface
	2 (MR + HO CMD)
	3 (MR01 + HO CMD + MR02)

	X2 interface
	2 (HO Request + HO Request ACK)
	2 (HO Request + HO Request ACK)

	Total number of messages
	4
	5


· When the UE enters A3 event, but leaves A3 event (i.e. TTT has not expired and the UE leaves A3 event without sending the measurement report)
	Number of messages
	Current HO procedure
	Early HO command

	UU interface
	0
	3 (MR01 + HO CMD + MR02)

	X2 interface
	0
	2 (HO Request + HO Request ACK)

	Total number of messages
	0
	5


It is true that when the UE performs normal HO, only 1 additional message is needed to perform HO. However, when the UE enters A3 event and leaves A3 event before TTT expired, there is no measurement report trigged in normal HO procedure. But it requires 5 messages combined in both UU and X2 interface in early HO command solution. With 38% probability UE leaves A3 event (from [7]), the additional signaling is:

(5 - 0.62*4) / (0.62*4) *100%= 101.61%
Observation 2: “Early HO command” required too high of signaling overhead
MSE based enhancements
UE based MSE enhancements being proposed can be categorized into two types: Type 1: MSE that requires additional signaling (for example, weighted MSE); and Type 2: MSE that does not require additional signaling (for example, RSRP based MSE).  

The network can estimate the UE mobility states in Connected mode. In idle mode, it is agreed that the UE sends the mobility information to the network when the UE changes from RRC_IDLE to RRC_CONNECTED mode. The network now can also estimate the UE speeds when the UE changes from RRC_IDLE to RRC_CONNECTED. Based on [5] and [6] analysis, the network can estimate the UE mobility states with 80% accuracy. The network can already configure the HO parameters based on the UE speeds when the UE handover to the target eNB. Therefore, type 1 MSE enhancement requiring additional signaling cannot be justified. For type 2 MSE enhancement, it is fine to enhance the UE based MSE since there is no additional signaling overhead.
Observation 3: The network can estimate the UE mobility state via the UE mobility information when UE changes from Idle to Connected mode. There is no need to enhance UE based MSE if additional signaling is required.
Proposal: RAN2 to rely on network based solution. No need introduce the UE based MSE solution.
3      Conclusion
We evaluate each UE based enhancements in this contribution and provide a summary in the table below. Since the HO parameter scaling based on target cell type has no benefit in HO performance, there is no need to standardize it. Network based MSE can be used instead of UE based MSE, therefore, UE based MSE requiring additional signaling cannot be justified. Finally, early HO command performs well but requires significant signaling overhead. We kindly request RAN2 to rely on network based solution. 
	
	HO parameter scaling based on target cell type
	Early HO command 
	MSE based enhancements

	Improve HO robustness?
	No
	Yes
	Yes

	Can be replaced by NW
	No
	No
	Yes

	Signaling overhead?
	Yes
	Yes
	Yes: Type 1 MSE 
No: Type 2 MSE

	Reason not needed
	No enhancement
	101% Signaling overhead
	NW based MSE can replace UE based MSE


Observation 1: There is no need to standardize solution “HO parameter scaling based on target cell type”
Observation 2: “Early HO command” requires too high of signaling overhead

Observation 3: The network can estimate the UE mobility state via the UE mobility information when UE changes from Idle to Connected mode. There is no need to enhance UE based MSE if additional signaling is required.

Proposal: RAN2 to rely on network based solution. No need introduce the UE based MSE solution.
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