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1. Introduction

A liaison from S2 (R3-99B29) was received at the RAN3 #8 (Abiko, October 25-29) on SRNS relocation and hard handover, asking for guidance on the evolution of the SRNS relocation procedure for release 00. The liaison was sent to SA1, RAN2 and RAN3. RAN3 has expertise on relocation and handover issues, but the study of the relocation mechanism impacts other groups too.

The liaison has been re-submitted to this meeting under R3-001089.

Another contribution (Tdoc R3-001049) studies the delay with the current mechanism in release 99 for SRNS relocation and hard handovers via the CN.

This paper studies the SRNS relocation and hard handover mechanisms in terms of delay with the other option proposed by SA2 (bi-casting mechanism). 

In this study, a change of SGSN is assumed in the SRNS relocation and hard handover procedures. This ensures that the worse case is covered since the SRNS relocation/handover mechanism should provide acceptable delay in all configurations.

2. Study of the bi-casting mechanism – SRNS relocation

The SRNS relocation procedure, based on the bi-casting mechanism is evaluated here in terms of delay.

To estimate the delay in the procedure, the following assumption is made:

- There is no need to re-establish an RLC connection because for speech, no RLC is needed. The change of RNC introduce a 50 ms delay. (RAN2)
Note that the bi-casting solution would also work with RLC acknowledged mode; however, the assumption is taken that transparent mode is used since it is more appropriate for minimum latency.

This value is an arbitrary value to give an idea of the range of the delay. It does not correspond to the performance of any specific product.

2.1. SRNS relocation - the starting point

The following picture describes the situation after soft handover in the UTRAN and before SRNS relocation is performed. A RAB (Radio Access Bearer) plus 2 GTP Tunnels (one over the Iu from the RNC to the SGSN, and one over the Gn from the SGSN to the GGSN) exist for the UE to a GGSN for a single PDP context. Note that buffers are present both at the SRNC and the UE. Due to soft handover a DRNC has been established. The RAB traverses this DRNC on its way to the SRNC.
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2.2.  SRNS relocation - the ending point

The following picture describes the situation after SRNS relocation has been completed. RAB and GTP Tunnel paths are re-rerouted to avoid the old SRNC and old SGSN. 
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2.3. Delay study (streamlining)

The SRNS relocation procedure with bi-casting is broken down into 4 phases; for each phase, an estimation of the delay is provided. The four phases are:

Phase 1 - prepare DRNS to become SRNS (start bi-casting)

Phase 2 - prepare GGSN for relocation

Phase 3 - perform SRNS relocation

Phase 4 – Stop bi-casting and release

There is now a new phase enabling the GGSN to prepare for the relocation to handle real-time data.

Break in transmission occurs in phase 3.

Phase 1: Prepare DRNS to become SRNS
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1. The RANAP “Relocation Required” message is sent from the SRNC to the source SGSN.

2. The GTP message “Forward relocation request” is sent from the source SGSN forward to the target SGSN.

3. The tunnel description is sent to the DRNC by the target SGSN (using the RANAP “Relocation Request” message). Buffers are created at the DRNC. RLC and MAC instance is prepared for relocation of the UE connection.

4. The RANAP “Relocation Request Ack” is sent back from the DRNC to the target SGSN. 

5. The GTP message “Forward relocation ack” is sent from the target SGSN to the source SGSN.

In phase 1, no delay is introduced.

	Preparation
	

	Uplink Delay
	0

	Downlink Delay
	0


Phase 2: Prepare GGSN for SRNS relocation
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6 . GGSN is informed of pending SRNS Relocation via the GTP “Update PDP Context Request” message.

6’. GGSN and target SGSN create 2 new tunnels for the packet flow between the GGSN and the DRNC that duplicates the tunnels from the GGSN to the SRNC. The GGSN sends duplicate packets in the original tunnel and in the replicated tunnel. These packets are marked duplicates in the GTP header. Duplicate packets are received at the DRNC and buffered.

7. When the GGSN finishes these steps, it sends the GTP “Update PDP Context Response” message to the SGSN.
In phase 2, there is no delay introduced since the packets (uplink and downlink) continue to take the original route.

	Prepare GGSN
	

	Uplink Delay
	0

	Downlink Delay
	0


Phase 3: SRNS relocation is performed
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8. The SGSN instructs the source RNC that resources for the relocation are allocated in the target RNC via the RANAP “Relocation command” message.

9. Using the RNSAP “Relocation Commit” message, the Old SRNC informs the target SRNC (DRNC) to start relocation. 

9’. The Old SRNC starts marking all uplink packets “duplicate”
. The New SRNC starts sending uplink  packets and marks them “duplicate” as well.

9’’.  The RLC is in transparent mode and there is no sequence numbering or packet forwarding. But due to the change of SRNC, there is delay introduced estimated at 50 ms. (RAN2) 
The new SRNC takes over from the old SRNC, picking up where the old SRNC was at last.
Uplink and downlink packets resume flowing when the new SRNC has taken over.

10. Using the RANAP “Relocation Detect”, the target RNC informs the SGSN that the relocation execution trigger has been received.

11. Using the RANAP “Relocation Complete” message, the New SRNC informs the SGSN that it has taken over for the Old SRNC.
In phase 3, a delay of 50 ms is introduced for both uplink and downlink packets.

	Relocation performed
	

	Uplink Delay
	50

	Downlink Delay
	50


Phase 4: Stop bi-casting and Release
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12. Using the GTP “Update PDP Context Request” message, the SGSN informs the GGSN that the relocation is complete and to return the GTP tunnel to normal state - only using the new tunnel towards the New SGSN and SRNC.

13. When complete, the GGSN sends the “Update PDP Context Response” message to the SGSN.

14. The target SGSN instructs the source SGSN that the relocation is complete via GTP message “Forward Relocation complete”.

15. Using the RANAP “Iu Release command” message, the SGSN informs the Old SRNC to release its connections regarding the UE just relocated.

16. The RANAP “Iu Release complete” message is sent back from the old SRNC to the old SGSN.
In phase 4, no delay is introduced since packets have already been using the new route.

	Release
	

	Uplink Delay
	0

	Downlink Delay
	0


· For the SRNS relocation case, the bi-casting mechanism introduces an estimated delay of 50 ms for both uplink and downlink packets.

3. Study of the bi-casting mechanism – hard handover

In this section, the hard handover scenario in the PS domain is studied in terms of delay, based on the bi-casting mechanism. Note that this is the case of the hard handover via the Core Network.

To estimate the delay in the procedure, the following assumption is made:

- transmission break during hard handover causes a 50 ms delay (no RLC connection restart is needed for speech). (RAN2)
This value is an arbitrary value to give an idea of the range of the delay. It does not correspond to performance of any specific product.

3.1. The starting point

The following picture describes the situation before hard handover via the CN is performed. A RAB (Radio Access Bearer) plus 2 GTP Tunnels exist for the UE to a GGSN. The RAB traverses the SRNC on its way to the SGSN.
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3.2. The ending point

The following picture describes the situation after hard handover via the CN has been completed. RAB and GTP Tunnel paths are re-rerouted through the new SRNC and new SGSN. 
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The hard handover procedure with bi-casting is broken down into 4 phases; for each phase, an estimation of the delay is provided. The four phases are:

Phase 1 – Prepare target RNS to become SRNS

Phase 2 – Prepare GGSN for relocation

Phase 3 – Hard Handover

Phase 4 – Stop bi-casting and release

Break in transmission occurs in phase 3.

3.3. Delay study (hard handover)

Phase 1: Prepare target RNS to become SRNS
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1. The RANAP “Relocation Required” message is sent from the SRNC to the source SGSN.

2. The GTP message “Forward relocation request” is sent from the source SGSN forward to the target SGSN.

3. The tunnel description is sent to the target RNC by the target SGSN (using the RANAP “Relocation Request” message). Buffers are created at the target RNC. RLC and MAC instance is prepared for relocation of the UE connection.

4. The RANAP “Relocation Request Ack” is sent back from the target RNC to the target SGSN. 

5. The GTP message “Forward relocation ack” is sent from the target SGSN to the source SGSN.

In phase 1, no delay is introduced.

	Prepare target RNC
	

	Uplink Delay
	0

	Downlink Delay
	0


Phase 2: Prepare GGSN for handover
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6 . GGSN is informed of pending handover via the GTP “Update PDP Context Request” message.

6’. GGSN and target SGSN create 2 new tunnels for the packet flow between the GGSN and the DRNC that duplicates the tunnels from the GGSN to the SRNC. The GGSN sends duplicate packets in the original tunnel and in the replicated tunnel. These packets are marked duplicates. Duplicate packets are received at the target RNC and buffered.

The GTP tunnels are set up for the later stage when uplink packets will use the new route.

7. When the GGSN finishes these steps, it sends the GTP “Update PDP Context Response” message to the SGSN.
In phase 2, there is no delay introduced since the packets (uplink and downlink) continue to take the original route.

	Prepare GGSN
	

	Uplink Delay
	0

	Downlink Delay
	0


Phase 3: Hard handover
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7. The source RNC sends an RRC message to the UE “Handover command” indicating that it is a hard handover.

At this time the break in transmission occurs for both uplink and downlink packets. No downlink packets are received at the UE; uplink packets are buffered at the UE.
RLC connections are not needed for speech. Therefore during the hard handover, there is a break of transmission estimated at 50 ms only (RAN2). After this break, downlink packets can be received at the UE again.

Downlink packets buffered at the new RNC resume flowing to the UE.
During phase 3, there is a delay of 50 ms for both uplink and downlink packets.

	Hard handover
	

	Uplink Delay
	50

	Downlink Delay
	50


Phase 4: Stop bi-casting and release


[image: image12.wmf] 

Node B

 

 

RAB Uplink

 

Pkt

 

RAB Downlink

 

Pkt

 

UE

 

Node B

 

Target 

RNC

 

RAB Downlink

 

RAB Uplink

 

SRNC

 

SGSN

 

GGSN

 

Pkt

 

Pkt

 

SGSN

 

RAB

 

Downlink

 

RAB Uplink

 

8. RANAP: Relocation 

detect

 

9. RANAP: Relocation 

complete

 

11. GTP: Update 

PDP Context 

Response

 

10. GTP: Update 

PDP Context 

Request (Stop bi

-

casting)

 

9’. Uplink 

packets 

resume flowing

 

7’’ RLC connection re

-

established

 


8. Using the RANAP “Relocation Detect”, the target RNC informs the SGSN that it has detected the UE.

At the same time the target RNC can switch the uplink connection towards the new Iu. At this point uplink traffic can resume flowing to the GGSN.

Uplink packets buffered at the new RNC resume flowing to the new SGSN and GGSN.
9. Using the RANAP “Relocation Complete” message, the New SRNC informs the SGSN that it has taken over for the Old SRNC.
10. Using the GTP “Update PDP Context Request” message, the SGSN informs the GGSN that the relocation is complete and to return the GTP tunnel to normal state - only using the new tunnel towards the New SGSN and SRNC.

11. When complete, the GGSN sends the “Update PDP Context Response” message to the SGSN.

12. The target SGSN instructs the source SGSN that the relocation is complete via GTP message “Forward Relocation complete”.
13. Using the RANAP “Iu Release command” message, the SGSN informs the Old SRNC to release its connections regarding the UE just relocated.

14. The RANAP “Iu Release complete” message is sent back from the old SRNC to the old SGSN.
In phase 4, there is no delay for the uplink and downlink packets that can resume flowing as soon as the the new SRNC has taken over.

	Stop bi-casting and release
	

	Uplink Delay
	0

	Downlink Delay
	0


· For the hard handover case, the bi-casting mechanism introduces an estimated delay of 50 ms for both uplink and downlink packets.

4. Conclusion

The estimated delay for the SRNS relocation procedure is 50 ms.

The uplink and downlink are resumed at the same time as the new SRNC takes over. There is no delay waiting for the downlink packets to be forwarded from the source RNC because the GGSN sent them directly to the target RNC via the SGSN. And there is no delay waiting for establishment of the new GTP tunnel from the GGSN.

The conclusion is that if the above assumptions are correct, a 50 ms delay will be introduced due to SRNS Relocation for both uplink and downlink packets. For the relocation of SRNS (hard handover) case, the uplink and downlink packets are delayed by 50 ms.

Two results are found in this study of the bicasting mechanism:

· There is no difference in the delay for uplink and downlink packets

· There is a smaller delay (50 ms for streamlining, 50 ms for hard handovers) than in the packet forwarding (release 99) solution.

Here is a summary of the different phases where delay is introduced:

SRNS relocation (streamlining)

	Event
	Time Reference (secs) for uplink packets
	Time Reference (secs) for downlink packets
	3GPP group

	RANAP: Relocation Request (target SGSN to target RNC)
	0.00
	0.00
	

	RANAP: Relocation Request Ack (target RNC to target SGSN)
	0.00
	0.00
	

	GTP: Update PDP context Request (target SGSN to GGSN)
	0.00
	0.00
	

	GTP tunnel bi-casting to target RNC and source RNC via SGSNs
	0.00
	0.00
	

	GTP tunnel received at target RNC via target SGSN
	0.00
	0.00
	

	GTP: Update PDP context response (GGSN to target SGSN)
	0.00
	0.00
	

	RANAP: Relocation command (source SGSN to source RNC)
	0.00
	0.00
	

	RNSAP: Relocation commit (source RNC to target RNC)
	0.00
	0.00
	

	New SRNC takes over
	0.05
	0.05
	RAN2

	Downlink and uplink packets resume flowing to GGSN
	0.05
	0.05
	

	RANAP: Relocation complete (target RNC to target SGSN)
	0.05
	0.05
	


Hard handover

	Event
	Time Reference (secs) for uplink packets
	Time Reference (secs) for downlink packets
	3GPP group

	GTP: Update PDP context request (target SGSN => GGSN, start bi-casting)
	0.00
	0.00
	

	RRC: Handover command (source RNC => UE)
	0.00
	0.00
	

	Transmission break due to hard handover
	0.05
	0.05
	RAN2

	Uplink start flowing to new SGSN and downlink packets can be received at UE
	0.05
	0.05
	

	RANAP: Relocation detect
	0.05
	0.05
	

	RRC: Handover complete
	0.05
	0.05
	

	RANAP: Relocation complete
	0.05
	0.05
	

	GTP: Update PDP context request (new SGSN => GGSN, stop bi-casting)
	0.05
	0.05
	

	GTP tunnel points GGSN to target SGSN
	0.05
	0.05
	

	GTP tunnel established GGSN to target SGSN
	0.05
	0.05
	

	GTP: Forward relocation complete
	0.05
	0.05
	


It is proposed to send these results to SA2, RAN2 and CN4 in answer to the SA2 liaison.
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7. GTP: Update PDP Context Response
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7’. No downlink packets received at the UE
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10. GTP: Update PDP Context Request (Stop bi-casting)
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16. RANAP: Iu release complete
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7. GTP: Update PDP Context Response
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