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Introduction
In RAN2#105 meeting, two reply LSs [1][2] from RAN1 and RAN4 regarding the feasibility of simultaneous transmission/reception with the source and target cells were discussed. The feasibility of simultaneous transmission/reception with the source and target cells and the corresponding application scenarios are important assumptions to design the solutions to reduce the mobility interruption. RAN2 agreed:
5.   The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.
In this contribution, we discuss the different scenarios based on the received LSs and share our opinions on whether and how to optimize the mobility interruption in those scenarios. 
Discussion
2.1 Feasibility of Simultaneous Tx/Rx in Different Scenarios
Based on the received LSs, the different scenarios and feasibility of support simultaneous Tx/Rx with source and target cells are summarized in table1. It should be noted that contain conditions/restrictions should be considered to support simultaneous Tx/Rx with two cells in all of those scenarios. 
Table 1 Feasibility of Simultaneous Tx/Rx with Source and Target cells in Different Scenarios
	Scenarios 
	Feasibility (Yes/NO)
	Conditions

	Inter-frequency synchronous Inter-band
	Tx: Yes

	· UE with Dual Tx chains 
· Same or different bandwidth between source and target cells
· Not all combinations of bands may be supported.

	
	Rx: Yes
	· UE with Dual Rx chains 
· Same or different bandwidth between source and target cells
· Not all combinations of bands may be supported.

	Inter-frequency synchronous Intra-band
	Tx: Yes
	· UE supporting intra-band UL CA
· The two frequencies are equivalent to an UL CA band combination supported by the UE
· Sparse Tx RF resource
· Same or different bandwidth between source and target cells

	
	Rx: Yes
	· UE supporting intra-band DL CA,
· The two frequencies are equivalent to a DL CA band combination supported by the UE
· Sparse Rx RF resource
· Same or different bandwidth between source and target cells

	Inter-frequency asynchronous Intra-band
	Tx: No conclusion
	· 

	
	Rx: No conclusion
	· 

	Inter-frequency asynchronous Inter-band
	Tx: Yes
	· UE with dual Tx chains
· Sparse Tx RF resources
· Two frequencies are equivalent to an UL CA band combination supported by the UE
· The actual transmit timing difference between source and target cells shall be in a certain limit
· Not all combinations of bands may be supported.

	
	Rx: Yes
	· UE with dual Rx chains
· Sparse Rx RF resources
· Two frequencies are equivalent to a DL CA band combination supported by the UE
· Not all combinations of bands may be supported.

	Intra-frequency synchronous
	Tx: Yes
	· Single or dual RF chains
· Source/target eNB in same PC group and under some conditions
· the bandwidth between the source and target cell is the same
· the physical resource between source/target cells is TDMed or FDMed

	
	Rx: Yes
	· Single or dual RF chains
· the bandwidth between the source and target cell is the same and under some conditions

	Intra-frequency asynchronous
	Tx: No conclusion
	· 

	
	Rx: Yes
	· single RF chain under some conditions (e.g. received power difference)
· Separate FFT/Loops with source and target cells
· Bandwidth between the source and target cell is the same


Considering the various scenarios, it would be easy for discussion to classify all those scenarios into different groups and determine which group of scenarios should be targeted for mobility interruption optimization. Therefore, those scenarios can potentially be classified into the following three categories:
· Category 1: UE is feasible to support simultaneous Tx/Rx with the source and target cells: inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous;
· Category 2: UE is feasible to support simultaneous reception, infeasible to support simultaneous transmission with the source and target cells, e.g. intra-frequency asynchronous;
· Category 3: Neither simultaneous Tx nor simultaneous Rx with the source and target cells can be supported


Proposal 1: Classify the different scenarios in three different categories: 
· Category 1: feasible to support simultaneous Tx/Rx with the source and target cells during HO;
· Category 2: feasible to support simultaneous Rx with the source and target cells during HO; 
· Category 3: no support of simultaneous Tx/Rx with the source and target cell during HO.  
2.2 Mobility Interruption Optimization for Different Scenarios
Simultaneous connectivity during HO through single active protocol stack or dual active protocol stacks can be used to minimize the HO interruption. 
Considering category 1 contains majority of the HO scenarios, simultaneous connectivity during HO with single or dual active protocol stacks should be supported to minimize the mobility interruption.
Proposal 2: Simultaneous connectivity during HO is supported for the category 1 scenarios, including inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 
The category 2 scenarios are also common scenarios in the realistic network, especially considering the cost and complexity at the UE side to support dual Tx chains. In this scenario, 0ms interruption in DL can be achieved. According to RAN1 reply LS, for the cases where simultaneous transmission/reception are not possible, some techniques (e.g. TDM at the physical layer) may be applied to allow simultaneous connection to source and target cells. Since simultaneous reception is feasible in category 2 scenarios, only the TDM pattern for UL transmission between the source and the target cell needs to be coordinated. 
Proposal 3: Simultaneous connectivity during HO is supported for the category 2 scenarios, e.g. intra-frequency asynchronous or single UL transmission. TDM pattern for UL transmission is coordinated between the source and target cells. 
Although there is no conclusion whether it’s feasible to support simultaneous Tx/Rx with the source and target cells during Inter-frequency asynchronous Intra-band HO, it is a minor case. Considering the potential complexity on physical layer and RF, mobility interruption requirement for category 3 should be relaxed. The existing solution e.g. MBB in Rel-14 can be reused.  Otherwise if simultaneous connectivity during HO is supported for such scenario, the TDM pattern for both UL and DL should be coordinated. Furthermore, in asynchronous network, the feasibility of RACH-less HO should also be evaluated. 
Proposal 4: Simultaneous connectivity during HO doesn't need to be supported for the category 3 scenarios.  
Based on the definition of single active protocol stack, UE release the source connection after RAR is received (option 0/option 1) or RRCConnectionReconfigurationComplete message is transmitted. It implies that UE needs to continue data transmission/reception with the source cell at lease when transmitting preamble to and receiving RAR from the target cell. In order to realize 0ms interruption, simultaneous Tx/Rx with both the source and target cells is required no matter whether the solution with single or dual active protocol stacks is selected. In other words, the requirement on UE RF is determined by whether 0ms mobility interruption should be achieved or not, but not determined by whether single or dual active protocol stacks are used.  If UE is not capable of supporting simultaneous Tx/Rx with the source and target cell, both single and dual active protocol stacks are workable provided that the requirement on mobility interruption is relaxed with certain TDM pattern coordinated. 
Observation 4: The requirement on UE RF is determined to what extend the mobility interruption should be optimized, instead of whether single or dual active protocol stacks are used. 
Proposal 5: Only a single solution (single active protocol or dual active protocol stacks) is selected for category 1 scenarios and category 2 scenarios. 


Conclusion
In this contributions, we discuss the different scenarios for mobility interruption optimization based on the replied LSs. We classify those scenarios into 3 categories. We have following observations:
Observation 1: Simultaneous Tx/Rx with both the source and target cell during HO is feasible in the following scenarios with certain conditions: inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 
Observation 2: There is no conclusion on whether simultaneous Tx/Rx with both the source and target cell during HO is feasible in the scenario of inter-frequency asynchronous intra-band.  
Observation 3: For the scenario of intra-frequency asynchronous, simultaneous Rx with both the source and target cell during HO is feasible with certain conditions. 
Observation 4: The requirement on UE RF is determined to what extend the mobility interruption should be optimized, instead of whether single or dual active protocol stacks are used. 
Based on the observations, we propose:
Proposal 1: Classify the different scenarios in three different categories: 
· Category 1: feasible to support simultaneous Tx/Rx with the source and target cells during HO;
· Category 2: feasible to support simultaneous Rx with the source and target cells during HO; 
· Category 3: no support of simultaneous Tx/Rx with the source and target cell during HO.  
Proposal 2: Simultaneous connectivity during HO is supported for the category 1 scenarios, including inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 
Proposal 3: Simultaneous connectivity during HO is supported for the category 2 scenarios, e.g. intra-frequency asynchronous or single UL transmission. TDM pattern for UL transmission is coordinated between the source and target cells. 
Proposal 4: Simultaneous connectivity during HO doesn't need to be supported for the category 3 scenarios.  
Proposal 5: Only a single solution (single active protocol or dual active protocol stacks) is selected for category 1 scenarios and category 2 scenarios. 
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