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1. Introduction

The updated SAE timeplan indicates the target to resolve the key issue on active mode inter access mobility between E-UTRA and UTRA/GSM during the SA2 ad hoc in April. In this paper we analyze the present candidate solutions in TR 23.882 and propose a resolution on this key issue based on this analysis.
Solutions A – D are included and described in TR 23.882 clause 7.8.2 as alternative solutions to this key issue. The main characteristics of these alternative solutions are outlined and compared in the following sections. We conclude by using this comparison to propose a selection amongst these alternatives.
The requirements on interruption time during inter-RAT handover between LTE and pre-LTE are given in TR 25.913. These requirements set an upper bound of 300ms for real time and 500ms for non real time services. There are currently no requirements on packet loss tolerances. 
 In the conclusion and proposal sections, the term SAE UPE is used to describe the entity containing an anchor function for mobility between 3GPP access systems , as proposed in contribution S2H060349 “Proposed way forward for Inter 3GPP/Intra 3GPP access mobility”. In the rest of the contribution, the term 3GPP Inter AS Anchor is used to describe the same entity, because the UPE is interpreted according to the descriptions contained within the alternative solution descriptions (section 7.8.2). In some cases this key issue specific interpretation may be different from e.g. the one used in proposals on the functional grouping in the architecture, where certain issues remain FFS. The proposals on the functional grouping in the architecture also need to address the location of an anchor function for mobility between 3GPP and non-3GPP access systems, which is explicitly out of scope and therefore not addressed by this contribution.
2. Discussion

Table 1, summarizes the four alternative solutions (A to D) introduced in TR 23.882 (section 7.8.2). The Italicized text indicates mechanisms common across all alternative solutions. In order to aid the discussion, the different possible functional groupings are referred to using the reference names in Figure 1.
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Figure 1: Possible functional groupings

	
	Alternative Solution

	Main characteristics
	Solution A
	Solution B
	Solution C
	Solution D

	1. Mobility layer
	Below user IP
	Below user IP
	User IP
	User IP (proxied)

	2. Architecture (functional grouping) 
	option 1 or option 2 in Figure 1
	option 3 or option 4 in Figure 1
	option 1 or option 2 in Figure 1
	option 1 or option 2 in Figure 1

	3. Decision for handover initiation
	Source 3GPP radio system
	Source 3GPP radio system
	Source 3GPP radio system
	Source 3GPP radio system

	4. Handover type (forward/backward)
	Backward
	Backward for 3G

Forward for 2G when PS handover is not supported
	Backward
	Backward

	5. Interface for handover preparation
	2G/3G MME – SAE MME
	2G/3G MME – SAE/MME
	2G/3G MME – SAE MME
	2G/3G MME – SAE MME

	6. Means to minimize loss of data
	FFS: forwarding or bi-casting
	FFS: forwarding or bi-casting
	FFS: forwarding or bi-casting
	FFS: forwarding or bi-casting


Table 1: Summary of alternative solutions in TR 23.882
Table 2 reproduces the impact on the baseline architecture by each of the alternative solutions, as reported in TR 23.882.
	
	Alternative Solution

	Impact on baseline
	Solution A
	Solution B
	Solution C
	 Solution D

	a) Impact to baseline CN architecture
	The baseline CN architecture addresses SAE MME/UPEs and performs handover procedures with SAE MME/UPEs.
	The baseline CN architecture addresses SAE MME/UPEs and performs handover procedures with SAE MME/UPEs.
	Same impacts introduced by a Mobile IP solution for mobility across 3GPP and non-3GPP systems. These are listed separately in this document.

If packet loss mitigation is handled through packet forwarding, then the introduction of a layer-3 forwarding interface between GGSN and the SAE MME/UPE is required. Other packet loss mitigation schemes may not require this interface

SGSN must be ready to create or delete PDP contexts during the relocation procedure when UE is moving across UTRAN/GERAN and LTE/SAE Access systems

For mobility from UTRAN/GERAN towards SAE/LTE, steps 8 and 9 in Figure 7.8-5 and 7.8.6 need to be supported between UE and GGSN
	Same as alternative solution C, and:

2G/3G MME/UPE and SAE MME/UPE need to support the proxy Mobile IP solution.

	b) impact to baseline RAN architecture
	The baseline RAN architecture handles UE measurements from Evolved RAN and addresses Evolved RAN handover targets.
	The baseline RAN architecture handles UE measurements from Evolved RAN and addresses Evolved RAN handover targets.
	The baseline RAN architecture handles UE measurements from LTE access system and addresses LTE access system handover targets
	The baseline RAN architecture handles UE measurements from LTE access system and addresses LTE access system handover targets

	c) Impact on terminals used in existing architecture
	FFS
	FFS
	No impact foreseen
	No impact foreseen


Table 2: Impact to baseline architecture (extract from TR 23.882)
We proceed the analysis by focusing on each of the main characteristics in Table 1.

2.1 Mobility layer
It is clear from Table 2 that the impact on the baseline CN architecture is noticeably lower with alternative solutions A and B. 

Conclusion: Alternative solutions A and B are preferred over C and D since they incur significantly lower impact on the baseline CN architecture, and thereby enabling easier migration from pre-LTE systems. From this point onwards only Alternative solutions A and B are analyzed further.
2.2 Architecture (functional grouping)
One of the key differences between solution alternatives A and B is the functional grouping. Any comparison of these solution alternatives requires an analysis of the proposed grouping. The functional grouping of each alternative solution is analysed in Table 3. The same notation as in Table 1 is used.
	Alternative Solution
	Functional grouping
	Analysis

	Alternative solution A
	option 1 or option 2 in Figure 1
	These options result in three user-plane elements eNB, UPE and 3GPP inter AS anchor for LTE access.

	Alternative solution B
	 option 3
 or 

option 4 in Figure 1
	This option results in two user-plane elements for LTE access. There is an open interface between MME and UPE/3GPP inter AS anchor.
This option results in two user-plane elements for LTE access. There is no open interface between SAE MME and UPE/3GPP inter AS anchor.


Table 3: Functional grouping comparison and analysis 

Conclusion: Option 3 in Figure 1 results in the most efficient user-plane architecture, while still maintaining an open interface between SAE MME and UPE/3GPP inter AS anchor. This approach should be preferred since it allows a streamlined user-plane architecture, while maintaining an open interface between the user plane and control elements.
2.3 Decision for handover initiation
This is the same in all alternative solutions: The decision is done at the source 3GPP radio system.

Conclusion: The decision is done at the source 3GPP radio system.

2.4 Handover type (forward/backward)
It is rather clear that if the 2G system does not support the PS handover features then the TR 25.916 performance requirements cannot be met with basic cell re-selection (forward handover) between 2G and LTE.
Conclusion: SA2 should agree whether this limitation is acceptable.
2.5 Interface for handover preparation
This is the same in all alternative solutions: An interface between 2G/3G MME and SAE MME is required.
Conclusion: An interface between 2G/3G MME and SAE MME is required.

2.6 Means to minimize loss of data
During inter-RAT handovers, loss of data potentially occurs from the instant at which the source radio system sends the IRAT Handover Command to the UE, till the user plane is updated so that it points towards the target radio system. With reference to Figure 7.8-2 and 7.8-4 in TR 23.882, this interval is calculated by adding the following delay components§ (assumed delay estimates in Table 4):

DIRAT HO |basic = DUE-RRC |source + DUE + DUE-RRC |target + DA-MME + 2DM-MME + DMME-I


             = (30 + 60 + 7 + 6 + 12 + 6)ms


             = 121ms

With bi-casting, the UE starts receiving packets from the target access system immediately after the UE synchronizes with the target Node B, i.e. the delay during which packet loss may occur is reduced to:
DIRAT HO |bi-cast = DUE-RRC |source + DUE + DUE-RRC |target 

             = (30 + 60 + 7)ms


             = 97ms

It should be noted, however, that there may be packets that were received by the source access system before bi-casting was initiated, and that were not yet successfully received by the UE before the UE disconnected from the source access system.

An alternative packet loss scheme is presented in the Annex (below). This forwarding scheme is more effective against packet loss than bi-casting.

	Symbol
	Explanation
	Estimate (transmission + processing)

Pre-LTE 
	Estimate (transmission + processing)

LTE 

	DUE-RRC
	Delay between UE and RRC termination point in source access system
	25+5ms
	2+5ms

	DUE
	UE radio switchover delay and synchronization time with target Node B
	60ms

	DA-MME
	Delay between access system and MME
	1+5ms
	1+5ms

	DM-MME
	Inter MME delay
	1+5ms
	1+5ms

	DMME-I
	MME to SAE UPE/3GPP inter AS anchor
	1+5ms
	1+5ms


Table 4: Selected solution 

Conclusion: Packet forwarding is more effective against packet loss than bi-casting. Bi-casting can reduce the interruption time by approximately 20 – 30ms, which may make it relevant for real-time traffic flows.
3. Conclusion summary
The conclusions in this paper are summarized in Table 5. These conclusions are mostly in-line with Alternative solution B, with the following clarifications:

· The preferred functional grouping shall be according to option 3 in Figure 1, SAE UPE contains the 3GPP inter AS anchor function.
· SA2 should agree whether the performance allowed by basic cell reselection between LTE and 2G is acceptable.
· While bi-casting can be used to reduce the handover interruption time somewhat, PDU forwarding is necessary in order to minimize the packet loss during inter-RAT handovers. Packet loss reduction is relevant only for non real time traffic which is typically carried over TCP. 

When packet loss is avoided, and if the forwarded PDUs are not delayed more than the TCP Retransmission Timeout during the forwarding process, TCP throughput will not suffer during the inter-RAT handover events.
	Main characteristics
	Selected solution

	1. Mobility layer
	Below user IP

	2. Architecture (functional grouping)
	 i.e. option 3 in Figure 1

	3. Decision for handover initiation
	Source 3GPP radio system

	4. Handover type (forward/backward)
	Backward (2G FFS)

	5. Interface for handover preparation
	2G/3G MME – SAE MME

	6. Means to minimize loss of data
	Forwarding (bi-casting may be used for real-time flows)


Table 5: Selected solution 
A solution that matches these conclusions is presented in the Annex (below).

7. Proposal

Based on the analysis above we propose a solution for handover between 3GPP access systems as outlined in the conclusion section. In addition SA2 should discuss the mechanisms how to minimise loss of data during handover as presented in the Annex of this document and include the agreed procedures in the selected solution in TR 23.882.
8. Annex
The message sequence charts in Figure 2 and Figure 3 present a solution that correspond to the selections in the conclusion section, above (Table 5). 
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Figure 2 : IRAT handover pre-LTE => LTE
The handover scheme in Figure 2 exhibits the characteristics in Table 5. The main highlights are as follows:

· SAE UPE is an anchor for mobility between 3GPP access systems.

· Lossless handover for NRT services: NRT PDUs in the source system are either drained (7b) or forwarded (6b, 12) to the target system through the mobility anchor point

· Smooth handover for RT services: RT PDUs can be bi-casted through both source and target system during HO (6b, 10). Delay reduction is estimated at 20 -30 ms (see section 6: “Means to minimize loss of data”).
· PDUs still in source system until HO to target system is successful (9, 11)

· SAE UPE can de/cipher relayed PDUs as required by the source/target system. 
· Using the delay estimates in section 6, the Interruption time without bi-casting is ~120ms and the interruption time with bi-casting ~100ms

· i.e. the scheme meets the requirements in TR 25.913
The handover procedure is detailed as follows:
0. Before the handover is initiated, the packet flow to-/from- the UE traverses the SAE UPE, 2G/3G SGSN and 2G/3G access.
1 & 2. Based on e.g. signal quality measurements the 2G/3G access determines that an inter-system handover needs to be initiated.

3-6 2G/3G access starts the handover procedure by triggering a preparation phase. During this phase the target radio access is identified and resources in this target access are prepared. For NRT flows, in step 6b (i.e. after receiving message #6a) the source 2G/3G SGSN stops draining downlink buffers. From this point onwards, any incoming NRT PDUs for this specific user are buffered. The SAE MME may also update the SAE UPE such that all RT flows for this specific user are bi-casted through the source and target access system.
7. The source 2G/3G SGSN issues the handover command towards the source 2G/3G access (RNC or BSC). The source 2G/3G access will attempt to empty all buffers§ corresponding to this user before issuing the handover command in step 7c. This simplifies the handover procedure since it avoids the need to reconstruct PDUs from radio frames and forwarding of these PDUs from 2G/3G access to the target access system.

8. The UE attaches to the target access system. QoS aspects and management of dedicated bearers are FFS.
9. The target eNB informs SAE MME that the UE has moved to the access system.

10. The SAE MME can now inform the SAE UPE that the user is reachable through the eNB (bi-casting for RT flows stops here, if it was initiated earlier).

11. As soon as the route is updated in step 10, the SAE MME can inform the source 2G/3G SGSN that the handover was successful.

12. The source 2G/3G SGSN can now relay any PDUs buffered since step 6a back to the SAE UPE. Due to step 10, these PDUs are now received by the UE through eNB.

13. The source 2G/3G SGSN can release network resources associated with this user.

14. The source 2G/3G SGSN informs the SAE MME that its role in the handover procedure is now over.

15. The UE performs a network registration procedure with the SAE MME.

16. The location of the UE at the HSS is updated.

17. The handover procedure is now completed and the packet flow to-/from- the UE now traverses SAE UPE and eNB.
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Figure 3: IRAT handover  LTE => pre-LTE
The handover scheme in Figure 3 exhibits the characteristics in Table 5. The main highlights are as follows:

· Lossless handover for NRT services: NRT PDUs in the source system are forwarded (13) to the target system through the mobility anchor point

· Smooth handover for RT services: RT PDUs can be bi-casted through both source and target system  during HO (6b, 11). Delay reduction is estimated at 20 -30 ms (see section 6: “Means to minimize loss of data”)
· PDUs still in source system until HO to target system is successful (12)

· SAE UPE can de/cipher relayed PDUs as required by the source/target system

· HO preparation time ~100ms

· Using the delay estimates in section 6, the Interruption time without bi-casting is ~120ms and the interruption time with bi-casting ~100ms

=> i.e. the scheme meets the requirements in TR 25.913
The handover procedure is detailed as follows:
0. Before the handover is initiated, the packet flow to-/from- the UE traverses the SAE UPE and eNB.

1& 2. Based on e.g. signal quality measurements the eNB determines that an inter-system handover needs to be initiated.

3-6 eNB starts the handover procedure by triggering a preparation phase. During this phase the target radio access is identified and resources in this target access are prepared. The SAE MME may also update the SAE UPE such that all RT flows for this specific user are bi-casted through the source and target access system (step 6b).
7. After receiving notification that the resources in the target system have been reserved (in message 6), the SAE MME can issue a Handover Command to the eNB.

8. eNB sends the Handover Command to the UE. At this point the UE disconnects from the eNB.

9. The UE attaches to the target access system (in this case 2G/3G). QoS aspects and management of dedicated bearers are FFS.
10. Once the UE is attached and the resources are ready the SGSN is informed that the handover was successful.

11. The SGSN can now inform the SAE UPE that the user is reachable through the SGSN. As a result, from this point onwards, the user traffic is tunneled from SAE UPE to the SGSN (instead of the eNB, as before the HO).

12. In the meantime the source eNB is also informed that the handover was successful.

13. Knowing that the handover was successful, the source eNB can now forward any buffered PDUs back to the SAE UPE. Due to the route update procedure in 11, these PDUs are now forwarded/tunneled to the UE through the correct access system where the UE now resides.

14. The source eNB informs the SGSN that its role in the handover procedure is now over.


15. The UE performs a network registration procedure with the SGSN. This may also include an authentication procedure.

16. The location of the UE at the HSS is updated.

17. The handover procedure is now complete and the packet flow to-/from- the UE now traverses SAE UPE, 2G/3G SGSN and 2G/3G access. (Note that the SGSN may not necessarily always be on-path).
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§ The handover direction does not have any significant impact on the overall interruption time since the delay components are the same in both directions.


§ In order to meet the targets in TR 23.882 and using the delay estimates in section 2.6, the time allowance for 7b is approximately 500ms – 120ms = 380ms.
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