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1 Introduction
Following up the post-RAN3#75 email discussion #10 on mobile relay architecture options [1], this contribution presents performance analysis for the six architecture options, including (1) Alt1, (2) Alt2, (3) Alt2+DualMRN, (4) Alt2+PMIP, (5) Alt2+MobilityAnchor, and (6) Alt4.
2 Performance Analysis
Performance criteria used for comparing the architecture options include (1) handover latency, (2) the number of control signals during handover, and (3) user plane transmission delay. The handover procedure for each of the six options is displayed in Figure 1 ~ Figure 6. These figures are according to the report of post-RAN3#75 email discussion #10 [1] and time-related parameters for performance analysis are added in the figures. All parameters used in this document are summarized in Table 1.
2.1 Handover (HO) Latency
By adding up the time needed at each step in the HO procedure, the HO latency for each architecture option is calculated as follows:

HOLatencyAlt1 = 4×TRadio-link + 8×TWired-link + 3×TCP-processing + TSync
HOLatencyAlt2 = 4×TRadio-link +8×TWired-link +3×TCP-processing +TSync
HOLatencyAlt2+DualMRN = 8×TRadio-link + 10×TWired-link+( NUE +2)×TCP-processing + TSync + TNAS + TSwitch 
HOLatencyAlt2+PMIP = 4×TRadio-link + 12×TWired-link + 2×TCP-processing + TSync
HOLatencyAlt2+MobilityAnchor = 4×TRadio-link +8×TWired-link +3×TCP-processing +TSync
HOLatencyAlt4  = 6×TRadio-link + 11×TWired-link+2×TCP-processing + TSync +2*TSwitch+ NUE ×TWired-link
Note that among the six options, the HO latency of Alt2+DualMRN and Alt4 depends on the number of UE under MRN (NUE) since individual UE HO between eNB1 and eNB2 is required in Alt2+DualMRN (Figure 3) and individual UE path switch is required in Alt4 (Figure 6).
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Figure 1. Handover Procedure in Alt1
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Figure 2. Handover Procedure in Alt2
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 Figure 3. Handover Procedure in Alt2+DualMRN
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Figure 4. Handover Procedure in Alt2+PMIP
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Figure 5. Handover Procedure in Alt2+MobilityAnchor
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Figure 6. Handover Procedure in Alt4
Table 1. Summary of Parameters used in the contribution

	Notation
	Description

	TCP-processing
	Control plane processing time

	TUP-processing
	User plane processing time

	TRadio-link
	Transmission time via radio link

	TWired-link
	Transmission time via wired link

	TSync
	Estimated time for finishing synchronization

	TNAS
	Estimated time for finishing NAS-related operations

TNAS = 2 × TRadio-link + 2 × TWired-link + 4 × TCP-processing

	TSwitch
	Estimated time for finishing DL path switch

TSwitch = TCP-processing

	NUE
	Number of UEs under Mobile Relay

	TIP-forwarding
	Transmission time via IP forwarding (only used in Alt2+PMIP)
TIP-forwarding = TWired-link

	TrainSpeed
	Speed of HSR Train

	RadiusDeNB
	Radius of DeNB coverage area


2.2 Number of Signals during HO
By counting up the control signals needed at each step in the HO procedure, the total number of signals during HO for each of the architecture options is calculated as follows:

NumSignalAlt1 = 16
NumSignalAlt2 = 16
NumSignal Alt2+DualMRN = 16 + 12×NUE
NumSignalAlt2+PMIP = 20
NumSignalAlt2+MobilityAnchor = 16
NumSignalAlt4 = 18 + 4×NUE

2.3 User Plane Transmission Delay in LTE 
According to our previous contribution [2], there are two cases in calculation of the transmission delay from UE’s P/S-GW to the UE: (1) transmission delay without HO, and (2) transmission delay during HO, as explained in the following.
(1) User plane transmission delay without HO
Transmission in the user plane goes through the typical transmission path in each architecture without considering the case of HO. The user plane transmission delay is calculated as follows: 
UPTxDelayAlt1 = 2×TRadio-link + 2×TWired-link + 4× TUP-processing
UPTxDelayAlt2 = 2×TRadio-link + 2×TWired-link + 4×TUP-processing
UPTxDelayAlt2+Dual MRN = 2×TRadio-link + 1×TWired-link + 3×TUP-processing
UPTxDelayAlt2+PMIP = 2×TRadio-link + 1×TWired-link + 4×TUP-processing + TIP-forwarding
UPTxDelayAlt2+MobilityAnchor = 2×TRadio-link + 2×TWired-link + 4×TUP-processing
UPTxDelayAlt4 = 2×TRadio-link + 1×TWired-link + 3×TUP-processing
(2) User plane transmission delay during HO

During HO, the user plane transmission delay is the summation of the HO latency and the transmission delay without HO, as follows:
UPTxDelayHO = HOLatency + UPTxDelay (applied for all options)
(3) Average user plane transmission delay

In order to calculate the average transmission delay in the user plane, we need to estimate the average ratio of the HO latency over the sojourn time within a DeNB: 
RatioHOLatency     = 
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Given the ratio of HO latency, the average user plane transmission delay can be obtained accordingly as follows:
AvgUPTxDelay  = UPTxDelay × (1-RatioHOLatency) + UPTxDelayHO × RatioHOLatency
3 Numerical Results
The value assigned to each parameter in performance analysis is summarized in Table 2.
Table 2. Summary of Parameter Values (Ref. [2])

	Parameter
	Value

	TCP-processing
	5 ms

	TUP-processing
	1 ms

	TRadio-link
	2 ms

	TWired-link
	2 ms 

	TSync
	20 ms

	TNAS
	28 ms

	TSwitch
	5 ms

	NUE
	450

	TIP-forwarding
	= TWired-link =2 ms

	TrainSpeed
	350 km/hr

	RadiusDeNB
	29.53 km


The HO latency and the average transmission delay for each of the architecture options for the case of 450 UEs under MRN are displayed in Table 3.
Table 3. HO latency and Avg. Transmission Delay

	Option
	HO latency (ms)
	Avg. Transmission Delay (ms)

	Alt1
	59
	12.00573

	Alt2
	59
	12.00573

	Alt2+DualMRN
	2349
	9.181741

	Alt2+PMIP
	62
	12.006328

	Alt2+MobilityAnchor
	59
	12.00573

	Alt4
	974
	10.561673


4 Comparison and Conclusion
Comparison for the six architecture options in terms of performance analysis as well as other related metric [3] is summarized in Table 4.
Table 4. Summary of performance comparison of the architectures

	Option

Metric
	Alt1
	Alt2
	Alt2+DualMRN
	Alt2+PMIP
	Alt2+MobilityAnchor
	Alt4

	Spectral efficiency
	High
	High
	High
	High
	High
	High

	Signalling overhead
	Low
	Low
	High
	Low 
	Low
	High

	Latency
	Low (HO)

Medium (Transmission)
	Low (HO)

Medium (Transmission)
	High (HO)

Low (Transmission)
	Low (HO)

Medium (Transmission)
	Low (HO)

Medium (Transmission)
	High(HO)

Low

(Transmission)

	Multi-RAT support 
	Possible
	Possible
	Possible
	Possible
	Possible
	Possible

	Doppler Mitigation
	Yes. 
	Yes. 
	Yes.
	Yes. 
	Yes.
	Yes. 

	Penetration loss avoidance
	Yes. 
	Yes. 
	Yes.
	Yes. 
	Yes.
	Yes. 

	Handover success rate
	High
	High
	High
	High
	High
	High

	Standardization effort and complexity 
(Rel-10 is baseline)
	High
	Low
	Low
	Low


	Medium
	High

	Estimated cost (Capex&Opex)
	Low
	Low
	Low
	Low
	Low
	Low

	Impact on existing network architecture 
	Yes
	No
	No
	No
	Yes
	Yes

	Impact on UE energy consumption
	Low
	Low
	Medium
	Low
	Low
	Low

	SINR improvement
	High
	High
	High
	High
	High
	High

	Capacity
	Medium

- Higher U-plane header overhead
	 Medium

- Higher U-plane header overhead
	High


	Medium-high
- Lower U-plane header overhead
	Medium

- Higher U-plane header overhead
	High
· Least U-plane header overhead on Un

	Coverage
	High
	High
	High
	High
	High
	High

	Security
	High
	High
	High
	High
	High
	High

	Backhaul link stability
	Medium
	Medium
	Low
	Medium
	Medium
	Low


According to the performance analysis and comparison above, we observe that Alt2 and Alt2+PMIP are the better options among the candidate architectures for mobile relay.
Proposal 1:
Alt2+PMIP shall be included in the TR 36.416 as a baseline architecture.
Proposal 2:
The performance analysis in this document shall be included in the TR 36.416.
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