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1 Introduction
According to TR 36.881, solution 2 (Maintaining Source eNB Connection during Handover) can have two alternatives (Alt 1: TDM; Alt 2 simultaneous Rx/Tx) to maintain the connections to both the target eNB and the source eNB, while the source cell and the target cell are on the same frequency. During the DC handover/SCG change of solution 2, the UE needs to maintain two connections to the source MeNB and the source SeNB, and to setup a new connection to the target eNB. This means that the make-before-break solution for DC needs to support at least 3 connection during DC handover/SCG change, namely MC (Multiple Connectivity). Based on the system-level simulation results (e.g. UPT), we try to provide some simulation results for MC, and some guidance for the selection between TDM and simultaneous Rx/Tx.
2 Discussion
2.1 Solution 3: MC (Multiple Connectivity)The mobility events like SCG change/DC HO will also introduce service interruption. Here we introduce a MC (Multiple Connectivity) solution targeting at SCG change and DC HO. In general, we consider letting the UE have more than 2 connections during SCG change and DC HO. The layer-2 architectures of the MC could be like below.
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Figure 1: Multiple Connectivity
2.2 Simulation Scenarios and Evaluation MetricsThis simulation focuses on the dense pico deployment scenario, in which pico cells are on the same frequency layer and macro cell is on a different frequency layer. The details of the simulation assumptions can be found in the Annex. Mobility event A4/A2 is used for PSCell addition/release. Mobility event A3 is used for PSCell and PCell change.
Based on the received RSRP, The UE moving between cells could be configured as:

· SC (Single Connectivity): One connection to one cell.
· DC (Dual Connectivity): One connection to macro cell, and one connection to pico cell. Split bearer is used.
· MC (Multiple Connectivity): One connection to macro cell, one connection to pico1, and one connection to pico 2. Split bearer with 3 RLC is illustrated below in Figure 1.
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Figure 1: Multiple Connection Architecture
While configured as MC, the data transmission in pico1 and pico2 can have the following two Alternatives:
· Alt 1 (simultaneous Rx/Tx): The DL/UL transmission in pico1 and pico2 can be in the same subframe, based on the scheduling.
· Alt 2 (TDM): The DL/UL transmission in pico1 and pico2 is in different subframes. 4 out of 8 subframes are used for one pico.
The following two metrics are mainly used for the evaluation:
· UPT (User Perceived Throughput) [2]: The throughput is calculated at the TCP layer of the receiving UE.
· RU (Resource Utilization) [2]: The overall system resource of used cells is considered as the total resource over the total evaluation period.
2.3 Analysis of Simulation ResultsThe simulation categories are listed as follows:

· DC: The legacy DC split bearer is enabled between 1 macro and 1 pico.
· MC-simultaneous Rx/Tx: The MC is enabled with simultaneous Rx and simultaneous Tx from 1 macro and 2 pico(s). The legacy DC split bearer is also enabled.
· MC-TDM: The MC is enabled with TDM Rx and TDM Tx from 2 pico(s). The legacy DC split bearer is also enabled.

[image: image3.jpg]09

08

07

06

05

04

03

02

01

o
MC-simultaneous RTx|
MC-TDM

05

15

Mbis.

25

35




Figure 2: CDF of UPT
Table 1: Summary of Simulation Results

	
	RU
	10%-ile UPT (Mbps)
	50%-ile UPT (Mbps)
	90%-ile UPT (Mbps)
	Percentage of SC UE 
	Percentage of DC UE
	Percentage of MC UE

	DC
	38.9%
	0.23
	0.69
	1.54
	40.7%
	59.3%
	0

	MC-Simultaneous Rx/Tx (Alt 1)
	70.4%
	0.17
	0.73
	1.95
	37%
	30.6%
	32.4%

	MC-TDM (Alt 2)
	54.6%
	0.22
	0.77
	2
	38.2%
	29%
	32.8%


As shown in Figure 2 and Table 1, the MC (including both Alt 1 and Alt 2) gives a better UPT (26.6% better for Alt 1 and 30% better for Alt 2 at 90%-ile UPT), compared with the legacy DC. This is because the MC can have one extra pico connection which could have better SINR than another pico connection, and the MC can dynamically change the packet transmission between two pico connections based on the flow control mechanism.
Observation 1: The MC solution gives a better UPT performance, compared with the legacy DC.
Proposal 1: Multiple Connectivity is used for reducing the service interruption and improving the UE throughput of DC HO and SCG change.
The UPT of Alt 2 is slightly better (2.6% better at 90%-ile UPT) than that of Alt 1. Regarding RU, Alt 1 needs more resource (28.9% more), compared with Alt 2. This means that while transmitting the same number of packets, Alt 1 needs more radio resources. The reason is that Alt 1 introduces more interference while enabling the simultaneous Rx/Tx on the same frequency, compared with Alt 2. As a result, the MCS(s) used for Alt 1 are lower than that of Alt 2.
Observation 2: The UPT of TDM is slightly better that that of simultaneous Rx/Tx.
Observation 3: While transmitting the same amount of packets, simultaneous Rx/Tx requires more radio resources, compared with TDM.
According to the Observation 2 and 3 given above, if MC and 36.881 solution 2 are concluded to be specified, TDM should be considered as the baseline solution for the intra-frequency scenario.
Proposal 2: TDM is used for MC and 36.881 solution 2.
Regarding the simultaneous Rx/Tx, although it leads to more interference, radio resource cost and more advanced RF module at the UE,  it still have the benefit of reducing the standard effort and the complexity from both the network and the UE. Thus we think RAN2 should discuss further if simultaneous Rx/Tx is still needed for MC and 36.881 solution 2.
Proposal 3: RAN2 is kindly requested to discuss if simultaneous Rx/Tx is still needed for MC and 36.881 solution 2.

3 Conclusion
According to the evaluations given above, we have the following Observations and Proposals:
Observation 1: The MC solution gives a better UPT performance, compared with the legacy DC.
Observation 2: The UPT of TDM is slightly better that that of simultaneous Rx/Tx.
Observation 3: While transmitting the same amount of packets, simultaneous Rx/Tx requires more radio resources, compared with TDM.
Proposal 1: Multiple Connectivity is used for reducing the service interruption and improving the UE throughput of DC HO and SCG change.
Proposal 2: TDM is used for MC and 36.881 solution 2.
Proposal 3: RAN2 is kindly requested to discuss if simultaneous Rx/Tx is still needed for MC and 36.881 solution 2.
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5 Simulation assumptions
System parameters
	Parameter
	Macro
	Small Cell

	Number of Sites
	1 (wrap around)
	14 per cell

	Number of Sectors
	3
	1

	Inter-Site Distance (ISD)
	500 m
	Random distribution

	BS/UE Height
	25 m/1.5 m
	10 m/1.5 m

	Bandwidth
	10 MHz (DL) + 10MHz (UL)

	Carrier Frequency
	2 GHz
	3.5 GHz

	BS/UE Tx Power
	46 dBm/23 dBm
	30 dBm

	Path Loss
	128.1+37.6*log10(d/1000)
	147 + 36.7log10(d/1000)

	Shadowing Factor
	8 dB
	10 dB

	Site-to-Site Correlation
	0.5

	Correlation Distance
	25m

	BS Antenna Gain + Cable Loss
	15 dBi
	5 dBi

	UE Antenna Gain
	0 dBi

	BS Antenna Pattern (horizontal)
	70 degrees (3 dB)
Am=25 dB
	0 dB

	BS Antenna Pattern (vertical)
	10 degrees (3 dB)
15 degrees (Tilt)
SLAv=20 dB
	0 dB

	UE distribution
	Random distribution of 210 UEs, 3km/h

	UE Antenna Pattern
	Omni

	Channel profile
	ITU channel model

	Penetration Loss
	20 dB

	Thermal Noise
	-174 dBm/Hz

	Noise Figure
	7 dB

	Scheduling
	PFTF: Proportional Fair in Time and Frequency

	HARQ
	Chase Combining

	Max HARQ Retransmissions
	4

	MIMO
	eNodeB: 2 tx, UE: 1 rx

	Traffic model
	TR 36.814, FTP Traffic Model 2
File Size
2 Mbytes

Reading Time
Exponential Distribution, Mean= 5 seconds

	Backhaul latency (One way)
	5ms


Handover parameters
	Parameter
	Value

	Trigger Quantity
	RSRP

	Time To Trigger (TTT)
	160 ms

	A3 Offset (Off)
	3

	Cell Specific Offset (Ocn, Ocp)
	0

	Frequency Specific Offset (Ofn, Ofp)
	0

	Hysteresis Margin
	2 dB

	Scanning Period
	40 ms

	Measurement Averaging Period (Intra)
	200 ms

	Measurement Report Interval (Intra)
	200 ms

	L3 Filter Coefficient
	4

	Triggering Condition
	Event Dependent

	Handover preparation time (A2, A3, and A4)
	50 ms

	Handover execution time
	40 ms
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Figure 3: Simulation Layout
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