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1. Introduction

This document is based on the LS received from RAN3 in R3-081576, there RAN3 is asking CT4 to compare 3 alternatives for the correction of out of order packets that are caused by the path switch event from CN perspective and also provide CT4 preference if any.

This contribution analyses the proposed alternatives from RAN3 and provides a summary of the related impacts. It also proposes a recommendation from CT4 point of view. 
2. Discussion
The 3 alternatives provided by RAN3 are listed below.
· Alt 1: insert a ‘forwarding marker’ in source eNB for each forwarded packet. 

· Alt 2: use separate tunnels to differentiate forwarded and direct path packets at the target RNC/SGSN.
· Alt 3: insert GTP-U SN by the EPS.

Table 1 compares the impact of the alternatives during E-UTRAN->UTRAN handover with data forwarding procedure.
Table 1 Impact of Alternatives

	Alt
	CP Interfaces
	Protocols
	Network Entity

	
	S1-MME
	Iu-CP
	GTP v2 UP
	GTP v1 UP
	MME
	SGSN
	S-GW
	eNodeB
	RNC

	1
	N
	N
	TBD (0)
	TBD(1) (4)
	N
	N
	N(2)
	Y
	Y

	2
	N(3)
	Y
	N
	N(4)
	N(3)
	Y
	N
	N(3)
	Y

	3
	N
	N
	N
	N(5)
	N
	N
	Y
	Y
	N(5)


Note 0: GTP v2 will be impacted in indirect data forwarding.

Note 1: Which GTP version, V1 or V2 will be used for UTRAN user plane connecting to EPS is still under discussion, the one selected will be impacted by Alt 1 with introduction of a new extension header type.
Note 2: If the general “Comprehension required” behavior is well defined in GTP v2, S-GW is able to transparently handle the new extension header then can be regarded without impact by Alt 1
Note 3: It had been decided that eNodeB will assign two TEIDs during inter eNodeB handover with data forwarding, hence it can be regarded that S1-MME, eNodeB and MME have had the capability of carrying and handling two TEIDs already during UTRAN->E-UTRAN handover procedure.
Note 4: Both Alt 1 and Alt 2 require cooperation of “End marker” mechanism to trigger the target RNC to start forwarding the buffered downlink PDUs. That means the GTP v1 user plane will also be impact if it will be selected for Rel-8 UTRAN
Note 5: Although “End marker” is not necessary for Alt 3, the target RNC can still get benefit of improving the handover performance by S-GW sending an “End Marker” notification to the target RNC via eNodeB after switching the data path to new side. By this means, the RNC and GTP version which will be used to connect Rel-8 UTRAN will also be impacted.
Table 2 gives Pros and Cons of each alternative
Table 2: Comparison of Alternatives

	
	Pros
	Cons

	Alt 1
	An “On-Path” solution without impact to control plane interfaces

	Introduction of a new extension header type and a new mechanism which is misaligned with either E-UTRAN’s or legacy UTRAN’s.
Introduction of 4 bytes overhead

	Alt 2
	Align with mechanism of E-UTRAN. Be transparent to eNodeB (without regard to GTP version issue). Also easy to be implemented in RNC
No extension header type and additional overhead introduced
	Iu-CP interface will be impacted.
* SGSN will also be impacted. but S4-SGSN can be considered as a new entity. 

	Alt 3
	An “On-Path” solution without impact to control plane interfaces
Align with mechanism of legacy UTRAN
	Spread impact to S-GW/P-GW, reintroduction of “Sequence Marker” mechanism which is intended to be removed from EPC.
Introduction of 2 bytes overhead even not in handover procedure.
Bad handover performance if without support of “End Marker” mechanism. 


3. Summary
From the EPC point of view, 
Alt 3 will not be a suitable solution as it is inconsistent with CT4’s intention of keeping sequence marking functionality out of EPC.
Alt 2 can be the recommended solution from CT4’s point of view since it will have no impacts on EPC protocols and aligns with the mechanism of E-UTRAN.

As a principle of GTP protocol, new extension header will be introduced only when other better solution can not be found, hence Alt 1 is not recommended comparing to Alt 2. However if impacts to Iu-CP and RNC is not acceptable (by other WGs), Alt 1 is also feasible from CT4’s point of view since it only requires minor enhancements to GTP protocol and also expected impacts on eNodeB and RNC will be simple.

4. Outstanding issue
The analysis above only considers the scenarios of handover between E-UTRAN and Rel-8 UTRAN. In case of inter 3GPP RAT handover with data forwarding and reordering requirement between E-UTRAN/Rel-8 UTRAN and Pre Rel-8 UTRAN is required to be supported in Rel-8 (Note this scenario is still valid in stage 2 TS23.401 v8.2.0 Annex D), E-UTRAN/Rel-8 UTRAN and S-GW/PGW may still need to support Alt 3 in this scenario as it is the only mechanism supported by Alt3. If then we may have to revisit the recommended solution for 3GPP IRAT HO. 
5. Proposal

It is proposed to:

a) If RAN3, SA2 and RAN2 also believe that there is a need to correct disordering introduced by path switch at inter-RAT HO, reply to RAN3 that Alt 2 is the recommended solution from CT4’s point of view.
b) Clarify with SA2 and RAN3 if the scenarios that inter 3GPP RAT handover with direct / indirect data forwarding between E-UTRAN/Rel-8 UTRAN and Pre Rel-8 UTRAN are required to be supported in Rel-8.
c) If the answer for question b) is yes, clarify with SA2 and RAN3 if reordering requirement in this scenario is required.
