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1 Introduction
In last RAN2 meeting and succeeding email discussion, variable U-plane architecture options (details can also be found in the Appendix) were proposed in [1]. To further compare variable U-plane architecture options, especially in aspect of interruption time or offloading delay, this contribution gives our views on U- plane delay for different U-plane architecture options. 
2 Discussion
Legacy X2 Handover procedure is shown below：
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According to above figure, during an X2 handover procedure there are three parts of time delay as analyzed below:
Table 1: Delay Analysis
	Three  parts 
	Steps included
	Estimated Total Delay (Typical value) [2]

	Handover Preparation
	4~7
	35ms

	Handover Execution
	8~11
	45 ms ( assuming synchronization time = 0 ms )

	Handover Completion
	12~17
	40ms


Considering that the critical cause leading to data interruption is time delay from Handover Execution part, the following analysis mainly focuses on the possible delay during the period of Handover Execution part for variable U-plane architecture options. 
2.1 Evaluation Metircs and Assumptions
The evaluation is based on the assumption that the connection to the MeNB is stable. The MeNB is in charge of the Small Cell change by sending control signaling (like Data Transmission Stop) to the SeNB to cease data transmission. The mobility events considered below are the bearer shifting between Small Cell and Macro Cell or between Small Cells.

The maximum non-ideal backhaul delay is 60 ms [3]. Here we are using the maximum non-ideal backhaul delay for the one way delay parameters given below:

· X: One-way delay between Small Cells with direct path (60 ms).
· Y: One-way delay between Macro and Small Cell (60 ms).
· Y1+Y2: One-way delay between Small Cells without direct path (120 ms).
· Y1: One way delay between source Small Cell and intermediate node (such as MeNB) (60 ms).
· Y2: One way delay between target Small Cell and intermediate node (such as MeNB) (60 ms).
The evaluation metric we used in this contribution is:

Data Interruption Time (TI): Once the HO command has been processed by the UE, it leaves the source cell and stops receiving data. This is the point in time where data interruption starts [4]. 
2.2 U-plane architecture option 1
1) Small Cell->Macro Cell
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Figure 1: Mobility Event for U-plane Architecture Option 1
From network point of view, after deciding to perform EPS Bearer shift from Small Cell to Macro Cell, the Macro Cell will signal RRC Connection Reconfiguration (with Handover command ) message to UE and simultaneously  cease data transmission by Small Cell. Additionally considering User-plane splitting in CN, like legacy handover procedure, source Small Cell needs to forward subsequent PDCP SDUs to target Macro Cell. Thus the Data Transmission Stop message as shown above can be used to cease data transmission over air interface and simultaneously start data forwarding. Then the PDCP SDUs reaching at Macro Cell will delay about 2*Y ms in the sense that the time delay for each data packet needs to count signaling transmission delay plus data forwarding delay if the Handover Command is sent before (or simultaneously with) the Data Transmission Stop. On the other hand, from UE point of view, after receiving the Handover Command from Macro Cell, the UE will cease receiving data from Small Cell, process the handover command, and then send a RRC Connection Reconfiguration Complete message (at same time possibly carrying a PDCP status report) to the network. Based on Table 1, this period of time is about 45 ms, i.e. Handover Execution delay. Then the total interruption delay is:

TI = Max (45, 2*Y) ms = 120 ms (TI is mainly affected by non-ideal backhaul delay.)
Of course, another optimization can be taken into account, for example network may start data forwarding in advance, buffer these packets in Macro Cell, and simultaneously keep on transmitting data to UE by Small Cell until receiving the Data Transmission Stop message from Macro Cell. But the optimization will lead to more redundant data transmission through MeNB-S interface. In spite of this, from UE point of view, theoretically the UE must wait at least Y ms to receive the subsequent PDCP SDUs from Macro Cell since the UE shall ceas data reception from Small Cell after receiving the handover command. Thus the total interruption delay should at least be: 
TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)
2) Small Cell->Small Cell
Referring to Figure 1, with the change of Small Cell, assuming that above optimization still will be used, the interruption time is mainly affected by network topology, i.e. data forwarding path between Small Cells. If there is direct path between Small Cells, the interruption delay is:

TI = Max (45, X) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)
If the data forwarded has to pass at least through one intermediate node (e.g. MeNB, that means there is no direct path between Small Cells), the forwarding delay should be Y1 + Y2. Then the total interruption delay should be:

TI = Max (45, X or Y1+Y2) ms = 60 or 120 ms (TI is mainly affected by non-ideal backhaul delay) 
3) Macro Cell->Small Cell
As for mobility event from Macro Cell to Small Cell, similar with legacy handover procedure, so the total interruption delay should be:

TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)

Observation 1: Considering U-plane architecture option 1, the interruption time mainly depends on the non-ideal backhaul delay for all mobility events. With certain network topology, e.g no direct path between Small Cells, the interruption time will increase.
2.3 U-plane architecture option 2
1) Macro Cell->Small Cell
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Figure 2: Mobility Event for U-plane Architecture Option 2
After deciding to perform EPS Bearer shift from Macro Cell to Small Cell, the Macro Cell will first request radio resource configuration from Small Cell. Upon receiving the response from Small Cell, it will signal RRC Connection Reconfiguration (Handover Command) message to the UE and simultaneously cease scheduling data transmission for the shifting EPS Bearer. As the bearer setup procedure as shown above is always performed in advance, the bearer setup procedure has no impact on the interruption delay. After the bearer setup, the MeNB will start to route subsequent PDCP PDUs to target Small Cell. Similar with section 2.2, the PDCP PDUs reaching Small Cell will delay about Y ms. On the other hand, from UE point of view, after receiving the RRC Connection Reconfiguration message from Macro Cell, the UE will cease receiving data corresponding to the shifting EPS bearer, and process the handover command, and then send a RRC Connection Reconfiguration Complete message to the network. Similar with section 2.2, this period of time is about 45 ms. Thus the total interruption delay is:

TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)
2) Small Cell->Small Cell
Referring to Figure 2, upon the receipt of RRC Connection Reconfiguration message from Macro Cell, the UE shall cease receiving data from source Small Cell. Thus the interruption time is not affected by the source side, similar with 1), i.e. the total interruption delay is:

TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay) 
3) Small Cell->Macro Cell
As for the mobility event from Small Cell to Macro Cell, considering the interruption time is not affected by the source side, as soon as receiving the RRC Connection Reconfiguration complete message (possibly carrying a PDCP status report) from the UE, the Macro Cell will immediately start to schedule subsequent PDCP PDUs unconfirmed.  To the total interruption delay is same as Handover Execution delay:

TI = 45ms (TI is affected by Handover Execution delay)
Observation 2: Considering U-plane architecture option 2, for “Macro Cell->Small Cell” and “Small Cell->Small Cell” mobility events, the interruption time mainly depends on the non-ideal backhaul delay. For “Small Cell to Macro Cell” mobility event, the interruption time mainly depends on the Handover Execution delay.
2.4 U-plane architecture option 3
1) Macro Cell->Small Cell
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Figure 3: Mobility Event for U-plane Architecture Option 3
Mobility procedure for the option is similar with section 2.3 1), the difference is that the data stream for the shifting EPS bearer keep on transferring in Macro Cell, i.e. no interruption occurs over air interface. But from the UE point of view, there exist some impact on the up-layer application.
For example, the MeNB starts to schedule part of the data stream of an EPS bearer towards target Small Cell at time point t1, assuming that the PDCP SN of the first data packet is equal to m. At time point t2, MeNB starts to schedule the data stream of the same EPS bearer towards source Macro Cell. And the PDCP SN of the data packet is equal to m + n. The one-way transmission delay towards Small Cell is Y ms, and the transmission delay towards Macro Cell is assumed to be 0 ms. Although there is no data transmission stop in Macro Cell, the data packets first arrived at the UE has to be buffered in PDCP layer, and cannot be submitted to the up-layer application in order until having received n consecutive data packets beginning with SN = m from Small Cell. Thus from the up-layer application point of the UE, this part of data stream in essence is interrupted at the PDCP layer of the UE.  Also, taking the Handover Execution delay into account, the total interruption time should be:

TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)
2) Small Cell->Small Cell
With the change of Small Cell, the interruption time is similar with 1). Then the total interruption delay is:

TI = Max (45, Y) ms = 60 ms (TI is mainly affected by non-ideal backhaul delay)
3) Small Cell->Macro Cell
As for the mobility event from Small Cell to Macro Cell, similar with section 2.3 3), the interruption time is not affected by non-ideal backhaul, and data stream is kept on transmission in Macro Cell. Thus no interruption essentially occurs for this type of mobility event as the MeNB can simply schedule the data transmission in Macro Cell.
TI = 0 ms
Observation 3: Considering U-plane architecture option 3, for “Macro Cell->Small Cell” and “Small Cell->Small Cell” mobility events, the interruption time mainly depends on the non-ideal backhaul delay. For “Small Cell to Macro Cell” mobility event, no interruption essentially occurs.
2.5 Performance Comparison
Table 2: Comparison on Interruption Time (ms)
	
	Macro Cell->Small Cell
	Small Cell->Macro Cell
	Small Cell->Small Cell

	Option 1
	60
	60
	60 or 120

	Option 2
	60
	45
	60

	Option 3
	60
	0
	60


According to the analysis given above, Table 2 gives the interruption time comparison amongst U-plane Options. Based on the assumption that the non-ideal backhaul delay is more than the Handover Execution delay, we have the following conclusions:

Observation 4: For “Macro Cell->Small Cell” mobility event, all options show the same performance on interruption time.
Observation 5: For “Small Cell->Macro Cell” mobility event, Option 3 shows the best performance on interruption time.
Observation 6: For “Small Cell->Small Cell” mobility event, Option 1 shows the worst performance on interruption time if there is no direct connection between Small Cells.
Proposal: RAN2 is kindly asked to consider the above analysis while evaluate U-plane options and capture them in TR 36.842.
3 Conclusion
According to the analysis in Section 2, the proposals and observations are given below.
Observation 1: Considering U-plane architecture option 1, the interruption time mainly depends on the non-ideal backhaul delay for all mobility events. With certain network topology, e.g no direct path between Small Cells, the interruption time will increase.
Observation 2: Considering U-plane architecture option 2, for “Macro Cell->Small Cell” and “Small Cell->Small Cell” mobility events, the interruption time mainly depends on the non-ideal backhaul delay. For “Small Cell to Macro Cell” mobility event, the interruption time mainly depends on the Handover Execution delay.
Observation 3: Considering U-plane architecture option 3, for “Macro Cell->Small Cell” and “Small Cell->Small Cell” mobility events, the interruption time mainly depends on the non-ideal backhaul delay. For “Small Cell to Macro Cell” mobility event, no interruption essentially occurs.
Observation 4: For “Macro Cell->Small Cell” mobility event, all options show the same performance on interruption time.

Observation 5: For “Small Cell->Macro Cell” mobility event, Option 3 shows the best performance on interruption time.

Observation 6: For “Small Cell->Small Cell” mobility event, Option 1 shows the worst performance on interruption time if there is no direct connection between Small Cells.

Proposal: RAN2 is kindly asked to consider the above analysis while evaluate U-plane options and capture them in TR 36.842.
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5 Appendix

The following descriptions and diagrams for U-plane architecture are extracted from [1]:
-
Option 1: S1-U also terminates in SeNB;

-
Option 2: S1-U terminates in MeNB, no bearer split in RAN;

-
Option 3: S1-U terminates in MeNB, bearer split in RAN.
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