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1
Introduction
In last RAN2 meeting, the candidate options mentioned in the email discussion [2] are categorized as 4 categories. And only option 1 and 4 are remained for further down-selection. RAN3 may further discuss the data forwarding mechanism for make before break solutions based on the latest progress in RAN2,.
In this paper we make some analysis on the possible ways for the data forwarding in make before break solutions and give our proposals accordingly. 
2
Discussion
According to the description in [2], the option 1 and 4 have same steps I and II, then both options at least can save interruption time of 15ms ~ 20ms. Additionally, the option 4 adopts Rachless mechanism, then more interruption time could be saved. However the optimization only is for saving of interruption time over air interface, when a connected state UE moves between different eNBs the final interruption time should also consider the forwarding delay over X2 if lossless is supported.
Observation 1: The optimization of interruption time needs to consider the impact of forwarding delay over X2 when a connected state UE moves between different eNBs.
To further illustrate the impact of data forwarding on interruption time, the following several typical data forwarding mechanisms need to be analysized, where the delay over X2 is assumed as X, the interruption time over air interface is assumed as Y (the following analysis will mainly consider the case in which Y< X, since the optimization of data forwarding makes no sense if Y > X) :
· Option 1: Upon the start of data forwarding, the source side will stop sending data to UE.
For option 1, different start time of data forwarding will have different impact on interruption time. There are the following two sub options to be considered:

· Option 1.1: Determine the start time of data forwarding by estimating the time point of UE accessing to target node.

· Option 1.2: Upon the receipt of RRC Reconfiguration complete message, target node informs the source node of the start of data forwarding.
For option 1.1, the source node needs to estimate the possible time point of UE successfully accessing to target node, then combined with the delay over X2, to start the data forwarding procedure. A signaling flow is shown in figure 1, from the time point A of accessing to target node of UE back off X value to the time point B when data forwarding starts.  If Y< X, the final interruption time is the X value.
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Figure 1 interruption analysis of option 1.1
Observation 2：The final interruption time of option 1.1 is X (the delay over X2) if Y< X.
For option 1.2, the additional signaling delay will be introduced into the final interruption time experienced by UE. A signaling flow is shown in figure 2, where source node needs to wait for the indication from target node before the start of downlink data forwarding, furthermore, the data packets to be forwarded still have to go through the X delay to reach target node. Thus theoretically, the downlink interruption time is Y+ 2* X. 
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Figure 2 interruption analysis of option 1.2
Apparently, from the interruption time point of view, the option 1.2 has no advantage.

Observation 3: The downlink interruption time of option 1.2 is Y+ 2* X.
Proposal 1: RAN3 to exclude the option 1.2 as the data forwarding mechanism for make before break solution.
· Option 2: Data forwarding over X2 and uplink / downlink data transmission over air interface are concurrent.
For option 2, source node may start the data forwarding towards target node after the RRC connection reconfiguration message is sent to UE, and at same time the data transmission via air interface will continue. In uplink, a example of transmitting data during handover is shown in figure 3, where UE can send uplink data to target node immediately after the successfully transmission of the RRC connection reconfiguration complete message towards network due to no delay at UE side. Therefore, the uplink interruption time of option 2 is Y (the interruption time over air interface) if Y< X.
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Figure 3 interruption analysis of option 2 in uplink
The disadvantage of the option 2 is part of uplink packets may be repeated due to lack of accurate PDCP status report from target node. 
Observation 4: The uplink interruption time of option 2 is Y (the interruption time over air interface) if Y< X.
In downlink, since the new data will go through the delay over X2 to reach the target node anyway, the downlink interruption time for option 2 is similar as the option 1.1. i.e, the downlink interruption time of option 2 is still X (the delay over X2) if Y< X.
Observation 5: The downlink interruption time of option 2 is X (the delay over X2) if Y< X. 

Comparision between option 1.1 and option 2：

From the interruption time point of view, in downlink the option 1.1 and 2 have similar performance, but the estimation of option 1.1 may be not accurate, such as the early stop of data transmission at source node will result in more interruption time. On the other hand, in uplink the option 2 have shorter interruption time than the option 1.1.
Additionally from the standard impact point of view, the option 1.1 has minimal impact since what to adopt is the similar mechanism with legacy data forwarding. But for the option 2, new change is required to enhance the existing data forwarding mechanism. Furthermore, if the delay over X2 is very long, the out of synchronization issue of HFN between UE and network might occur, and then to solve the issue, at least impact on RAN2 specification can be forseen, etc. 
Therefore, based on the above analysis , we prefer to adopt the option 1.1 as data forwarding mechanism for make before break solution.
Table 1 The comparision result between option 1.1 and 2
	
	Interruption time
	Standard impact

	Option 1.1
	The interruption time is the X value if Y< X., but the estimation may be not accurate.
	Small

	Option 2
	In downlink, the interruption time is the X value if Y< X. In uplink, the interruption time is the Y value if Y< X.
	Medium


Proposal 2：RAN3 to adopt the option 1.1 as data forwarding mechanism for make before break solution.
3
Conclusion
In this document, three options are listed on how to perform data forwarding for make before break solution. We have the following observations and proposals:
Observation 1: The optimization of interruption time needs to consider the impact of forwarding delay over X2 when a connected state UE moves between different eNBs.
Observation 2：The final interruption time of option 1.1 is X (the delay over X2) if Y< X.

Observation 3: The downlink interruption time of option 1.2 is Y+ 2* X.
Proposal 1: RAN3 to exclude the option 1.2 as the data forwarding mechanism for make before break solution.
Observation 4: The uplink interruption time of option 2 is Y (the interruption time over air interface) if Y< X.
Observation 5: The downlink interruption time of option 2 is X (the delay over X2) if Y< X.
Proposal 2：RAN3 to adopt the option 1.1 as data forwarding mechanism for make before break solution.
4
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