
3GPP TSG-RAN WG3 Meeting #59
 R3-080274
Sorrento, Italy, 11th-15th Feb. 2008
Agenda item:
10.2.8a
Title:
S1 handover 
Source:
Samsung

Document for:
Discussion and decision

1. Introduction

In RAN3#57bis meeting the issue of user plane handling in case of S1 handovers has been disccussed. RAN3 has reached a tentative consensus that cumulative forwarding with PDCP SN reset would be a suitable solution from a RAN3 point of view, unless RAN2 identifies some performance issues with such a solution.
But RAN2 would to have the unified solution for S1 and X2 handovers unless it means huge loss/degradation/complexity.

In this contribution, S1 handover are further analyzed in order to have a final agreement.

2. Discussion

2.1 Cumulative forwarding in UL, no status message

RAN3 has favored the cumulative packet handling solution and already agreed to employ cumulative retransmission in the uplink direction. Whether the cumulative retransmission and forwarding should apply also for the downlink was left open [1].

The agreed cumulative retransmission for the uplink should imply that the same principle is used for the downlink as well. Adapting the cumulative retransmission only for the UL would prevent us to exploit the full complexity advantages of the cumulative scheme. 

There are a number of advantages of a cumulative user plane handling scheme from a RAN3 point of view.
· There is no need to introduce new S1-AP messages, which would otherwise be needed to transfer the PDCP SN status via the MME.

· There is no need to support the transfer of the PDCP SN of forwarded SDUs in the S1-UP tunneling. This also removes the need on the GW to handle GTP extension headers when it copies the forwarded packet from one tunnel to the other during forwarding via the GW.

· There is no need to support UL packet forwarding in the GW, since the cumulative packet handling in the uplink means that the UE retransmits all SDUs starting from the first non-ACK-ed SDU in the target cell. 

· The intra-LTE S1 HO and the IRAT HO procedures would be better inline in case cumulative forwarding is used for the intra-LTE S1 HO. This means that the message sequence of the two procedures and the UP forwarding solution would be the same in the two cases, which simplifies S1 procedures and EPC node functions. Note that in case of an IRAT HO the cumulative packet forwarding is the only feasible choice, since we cannot expect that the user plane radio interface protocols and the associated sequence numbers (i.e., PDCP SNs) will be the same or even compatible in the two systems.

The main drawbacks introduced by omitting status message for S1 handover:

· Data duplication. Take an example; let’s assume 1 PDCP SDU in one RLC PDU. UE has transmitted RLC0,1,2,3,4,5,6,7,8 but only received RLC confirmation on 0. ENB has received 0,1,2,3,4,5,8. The main gain from the status information is that the target eNB can indicate he does not need any packets with SN <=5. Being able to avoid 8 is a relatively less benefit. If we have no status information, then the target cannot indicate he has received up to 5 and thus these packets will be duplicated. This might be acceptable if the S1 handover is not too frequent.
· Different bebaviour in UE side for S1 handover and X2 handover.

The following table gives the performance evaluation of X2 handover and two approaches for S1 handover.
	Bearers on RLC-AM 
	A: Currently agreed X2 handover
	B: No status message for S1 with GTP SN solution
	C: Add status message also for S1 handover

	Status info exchanged between source and target eNB
	Status message at handover time, indicating:

DL: 

·  Next DL SN to use

UL: 

·  Last received in sequence PDCP SDU SN + e.g. bitmap of additionally received PDCP SDU’s

PDCP SN is continued at handover. FFS whether HFN is continued or reset
	S1 handover
- No Status report
	Status message at handover time, indicating:

DL: 

·  Next DL SN to use

UL: 

 Last received in sequence PDCP SDU SN 
+ e.g. bitmap of additionally received PDCP SDU’s (FFS, as example above, to avoid 8 is relatively less benefit).


	Downlink handling
	·  SN can continue
a) unnecessary transmissions of all insequence received PDCP SDU’s can be avoided based on UE feedback
b) unnecessary transmissions of additionally received PDCP SDU’s can be avoided based on UE feedback

DL performance:  +
	·  DL SN can continue based on GTP-SN offset

S1 handover
· a) and b) possible due to SN continuation and UE reporting

DL performance:  + 
	Same as 0) currently agreed X2 handover

DL performance:  +

	Uplink handling
	·  SN can continue
a) unnecessary transmissions of all insequence received PDCP SDU’s can be avoided based on target-eNB indication to UE
b) unnecessary transmissions of additionally received PDCP SDU’s can be avoided based on target eNB indication to UE

UL performance:  +
	·  SN can continue (UE just continues)
S1 handover

· a) and b) not possible due to absence of status report. Probably also no duplication avoidance.
UL performance: - 
	Same as 0) currently agreed X2 handover

UL performance:  +


From the table, we can see that no status message will degrade the performance in UL. We should make a tradeoff between the performance and complexity of the UE and network. 

2.2 There is status message

S1 handover procedure is show in the following figure. The source eNodeB decides which of the EPS bearers are subject for forwarding of packets from the source eNodeB to the target eNodeB. The EPC does not change the decisions taken by the RAN node. Packet forwarding can take place either directly from the source eNodeB to the target eNodeB, or indirectly from the source eNodeB to the target eNodeB via the source and target Serving GWs (or if the Serving GW is not relocated, only the single Serving GW).

The availability of a direct forwarding path is determined in the source eNodeB and indicated to the source MME. If X2 connectivity is available between the source and target eNodeBs, a direct forwarding path is available.

If a direct forwarding path is not available, indirect forwarding may be used. The MMEs (source and target) use configuration data to determine whether indirect forwarding paths are to be established. Depending on configuration data, the source MME determines and indicates to the target MME whether indirect forwarding paths should be established. Based on this indication and on its configuration data, the target MME determines whether indirect forwarding paths are established.
If a direct forwarding path is available, SN status information can also be transmitted via X2, which can’t introduce much complex compared with X2 handover. If indirect forwarding is used, new S1 SN Status message should be introduced e.g. step 11(d) in the figure below. 

[image: image1]
To have S1 status message does not mean we will reverse our agreement on Cumulative forwarding in the uplink. Take above example again: let’s assume 1 PDCP SDU in one RLC PDU. UE has transmitted RLC0,1,2,3,4,5,6,7,8 but only received RLC confirmation on 0. ENB has received 0,1,2,3,4,5,8. The main gain from the status information is that the target eNB can indicate he does not need any packets with SN <=5. Being able to avoid 8 is a relatively less benefit. If we have no status information, then the target cannot indicate he has received up to 5 and thus these packets will be duplicated. 
2.3 Comparision

	
	Cumulative forwarding, no status message
	Have status message

	
	UL: Cumulative forwarding  DL: FFS
	UL: FFS                  DL: FFS

	Performance
	-
	+

	UE complexity
	- (PDCP should be restart. Different behaviour with X2 handover)
	+

	Network complexity
	+ 
	- (Should introduce two S1 messages for this purpose)


From above table, we can see, to have status message have more benefits than no status message. The only con is introduing new S1 messages. This is not one big problem for standardaztion and implementation compared with performance improvement.

3. Conclusion

In summary, to have status message for S1 handover can improve handover performance and keep UE behaviour consistant in X2 and S1 handover. If there is very little complexity for status message, Samsung propose to have it for S1 handover.
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