
3GPP TSG-RAN3 #52
R3-060588
8th-12th May 2006
Shanghai, China
Source:                    
NTT DoCoMo, Panasonic
Title:  
Evaluation of interruption time on inter-RAT HO
Document for:        
Discussion and Approval
Agenda Item:         
12.15.14.1
1
Introduction

This document is a text proposal for TR25.912 Section 13.10 “Co-existence and Inter-working with 3GPP RAT”. The purpose of this section is to estimate the interruption time upon inter-RAT HO and to check the validity compared to the LTE requirement [6].
2 Discussion (and Text proposal for TR25.912)
13.10.1 Baseline architecture
In terms of the total network architecture, the agreed principles are summerized in TR 23.882. Figure 13.10.1-1 shows the logical high level architecture for the evolved system as the baseline architecture for the non-roaming case. This evaluation is done based on this architecture.
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Fig. 13.10.1-1 Logical high level architecture for the evolved system (from TR23.882, Fig. 4.2-1)
The locations of major functions in SAE+LTE, such as the RRC, outer ARQ, HC and ciphering, have been decided, and hence, which node in SAE+LTE has the corresponding functions in UMTS has also become clear. The difference between the UMTS and SAE+LTE is depicted in Fig. 13.10.1-2.
When the inter-RAT HO occurs between 3GPP access systems, the UTRAN/GERAN and the evolved RAN are supposed to exchange information in advance, on some sort of interface in order to shorten the HO interruption time. However, the following details are FFS.

- Whether there is a direct logical connection between RANs.

- What contexts of each function are inherited between RANs. 
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Fig 13.10.1-2 Difference of major function locations between the UMTS and SAE+LTE
13.10.2 Principle of inter-RAT handover between 3GPP accesses 
The basic principles of the inter-3GPP RAT handover are summerized in TR23.882. Although there are four candidate solutions, we can find the some common principles over the solutions as follows.

· C-plane aspect
· In the normal handover case, the RRC in source network side starts inter-RAT HO process, which is basically triggered by receiving a measurement report from the UE.
· Before the UE switches RAT, the RRC context needed for the radio bearer establishment is transferred from the source RAN to the target RAN. This preparation is done as a background process without u-plane interruption.
· U-plane aspect
· The path switch is triggered by the target RAN after the radio handover is completed. This is called the late path switch.

· A lossless scheme is integrated into the handover process. However, the lossless scheme is FFS*, e.g. data forwarding or bi-cast. In the case of data forwarding from E-UTRAN to UTRAN, one of the dominant candidate is that ciphered packets in eNodeB is deciphered in aGW and transferred to the UTRAN side.


*In the case of intra-LTE HO, data forwarding between eNodeBs is agreed as the lossless scheme.
There are some minor differences among the solutions in terms of the physical node configuration and the mobility protocol. However, it seems these minor differences would not make any remarkable difference on the interruption time. Therefore, solution A is assumed as a nominal scenario.
The information flow for handover solution A is shown in Fig. 13.10.2-1. The HO preparation is done as a background process without U-plane interruption. This means the u-plane interruption time highly depends on the “U-plane transient period” that is the time between the reception of the HO command and the U-plane route update. 
Therefore, a detailed analysis of this period is needed to assess the interruption time. 
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Fig. 13.10.2-1 Information flow in handover solution A (TR 23.882, Fig. 7.8-2)
13.10.3 Analysis of U-plane transient period
The u-plane transient period is shown in Fig. 13.10.3-1. The u-plane transient period consists of the radio low layer process, RRC signaling, and the path switch process. 

- Radio low layer process (a)

This includes all aspects of the handover process after receiving the HO command until the L3 signaling to the new RAT, e.g. radio switchover, synchronising to the target RAT and the L1/L2 process for L3 signaling.


- RRC signaling (b), (c)
The relation between the RRC signaling and pausing/resuming of the u-plane is FFS. If resuming of the u-plane is triggered by the RRC signaling, the transmission time of the RRC signaling is the major cause of u-plane interruption, especially in the UTRAN due to the narrow transmission rate for c-plane signaling. 
In this evaluation, the RRC signaling is assumed as the trigger to resume u-plane, i.e. the HO complete is the trigger to resume DL u-plane at the target RAN, and the HO complete Ack is the trigger to resume UL u-plane at the UE. 

- Path switch (d)

This includes all aspect of the path switch process, which is triggered by the RRC complete from the UE. In the DL if there are forwarded packets in the target RAN, these packets can be sent to the UE before the path switch occurs.
In this model, the total interruption time in the UL is (a) + (b) +(c), and the one in the DL is (a) + (b) + (d). If forwarded packets are available in the target RAN, the total interruption time in the DL is (a) + (b).
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Fig. 13.10.3-1 Analysis on the u-plane transient period
13.10.3.1 U-plane interruption time
The delay for each category is estimated in Table 13.10.3.1-1. Depending on the direction of handover, the time taken by the RRC signaling would be quite different as shown on the table. Although these figures are based on speculations, the values are thought to be valid for this case study, neither optimistic nor pessimistic. Based on this table, the interruption time is calculated as follows.
· Inter-RAT HO from 2G/3G to LTE

· UL : 70 ms

· DL : 65 ms (Forwarded data from the source RAN are available)
         73 ms (No forwarded data from the source RAN are available)
· Inter-RAT HO from LTE to 2G/3G

· UL : 260 ms

· DL : 160 ms (Forwarded data from the source RAN are available)
         168 ms (No forwarded data from the source RAN are available)
The requirements for inter-RAT handover in LTE are specified in TS25.913. The most stringent value is 300 ms for RT services between 3G and LTE. As a preliminary result, it can be said this requirement will be fulfilled. Note that the same conclusion is applicable to the bi-cast approach, since the interruption time (a)+(b) is unavoidable even in the bi-cast approach. 

Table 13.10.3.1-1 Assumptions for interruption time
	
	Category
	Cause
	Assumed time [ms]

	
	
	
	2G/3G->LTE
	LTE->2G/3G

	(a)
	Radio Low Layer process
	-Radio switch over
-Synchronizing at target RAT
-L1/L2 process for L3 signaling
	60

	(b)
	UL RRC signaling
	-RRC Transmission time and delay
-RRC processing time
	5
	100*

	(c)
	DL RRC signaling
	-RRC Transmission time and delay
-RRC processing time
	5
	100*

	(d)
	Path switch process
	-Message transmission time and delay
-Path switch  processing time
-Packet transmission time and delay
	8


* These figures depend on the size of message and the transmission rate for RRC signaling. 
13.10.3.2 U-plane forwarding delay

If the u-plane forwarding delay between RATs is longer than the DL interruption time, the actual interruption time will be extended. Fig 13.10.3.2-1 shows the image of the forwarding path in non-roaming case. The major delay causes are divided into the transmission delay on each interface and the node processing delay. 

In this estimation, the transmission delay between the nodes is assumed as 1 ms and the node processing delay for forwarding is assumed as 2 ms. These figures are also shown in Fig 13.10.3.2-1.
As a result, the total u-plane forwarding delay is estimated as 11 ms, which is much shorter than the estimated DL interruption time of 65 ms for the handover from 2G/3G to LTE. Hence, it can be said that the u-plane forwarding time does not affect the performance of inter-RAT handover.

Please note that it is FFS whether the u-plane forwarding should be applied to RT service or not because this interruption time might be long for RT service.
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Fig. 13.10.3.2-1 Delays involved in the forwarding path
13.10.4 Conclusion
The u-plane interruption time depends on the u-plane transient period, which is the time between the reception of the HO command to the U-plane route update. The HO preparation step does not contribute to the u-plane interruption time. 
Based on the analysis of the u-plane transient period, the total interruption time is expected to be lower than the requirement for inter-RAT handover, even in the case of inter-RAT HO from LTE to 2G/3G. The data forwarding time is expected not to affect the total DL interruption time.
3. Proposal
We propose to discuss the validity of this study and reflect this to TR25.912 Section 13.10.
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