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4.3.12.2.3 SRNS relocation (UE connected to a single CN node, 3G_SGSN) followed by Location Registration in new Location Area

[The beginning of the section is not modified up to Figure 4-27 included]

"Resource reservation" Phase 

During this phase, the transmission of packets between GGSN and UE through the source SRNC goes on.

1) UTRAN (source SRNC) makes the decision to perform the Serving RNC relocation procedure. This includes decision on into which RNC (Target RNC) the Serving RNC functionality is to be relocated. The source SRNC sends SRNC Relocation required messages to the SGSN1. This message includes parameters such as target RNC identifier and an information field that shall be passed transparently to the target RNC.

2) Upon reception of SRNC Relocation required message the SGSN1 determines from the received information that the SRNC relocation will (in this case) result in change of SGSN.
The SGSN will then send a Forward SRNC relocation request to the applicable SGSN, SGSN2, including the information received from the Source SRNC and necessary information for the change of SGSN (e.g. MM context, PDP context).  The PDP context information contains the list of the PDP context (including PDP type, requested / negotiated QoS) currently established by the UE along with the address of the associated GGSN. It does not contain any information linked with packet transmission (sequence numbers) because such information is under the responsibility of the UTRAN

3) The SGSN2 sends a SRNC Relocation Request message to the target RNC. This message includes information for building up the SRNC context, transparently sent from Source SRNC (e.g. UE id., no of connected CN nodes, UE capability information), and directives for setting up Iu user plane transport bearers.  
When the Iu user plane transport bearers have been established, and target RNC completed its preparation phase, SRNC Relocation Proceeding 1 message is sent to the SGSN2. The SRNC Relocation Proceeding 1 message contains the IP address(es) (possibly one address per PDP context) on which the target RNC is willing to receive these packets. 

4) When the traffic resources between target RNC and SGSN2 has been allocated and the SGSN2 is ready for the SRNC move, then the Forward SRNC Relocation Response is sent from SGSN2 to SGSN1. This message indicates that necessary resources have been allocated for the SRNC relocation: SGSN2 / target RNC are ready to receive from source SRNC the downstream packets not yet acknowledged by UE. The Forward SRNC Relocation Response message contains the IP address(es) that were given in the SRNC Relocation Proceeding 1 message.
5) When the Forward SRNC Relocation Response has been received in the SGSN1, the SGSN1 indicates the completion of preparation phase at the CN PS domain side for the SRNC relocation by sending the SRNC Relocation Proceeding 2 message to the Source RNC. . This message contains the IP address(es) (possibly one address per PDP context) on which to send the downstream packets not yet acknowledged by UE.
"Actual hand-over of Serving RNC"  Phase
6) When the source RNC has received the SRNC Relocation Proceeding 2 message, the source RNC sends a SRNC Relocation Commit message to the target RNC(list of (SNU, UP_RLC_ack, SND)). SND is the GTP sequence number for the next downlink packet received from the GGSN. SNU is the GTP sequence number for the next uplink packet to be tunnelled to the GGSN. UP_RLC_Ack contains the acknowledgements for upstream PDU received by the source SRNC on each Non Real Time RLC connection used by the UE (i.e. the Receive State Variable V(R) for all RLC SAPI in acknowledged mode). For Real Time connections (conversational and streaming QoS class), UP_RLC_ACK is not used. The source SRNC starts a timer T3-TUNNEL , stops the exchange of the packets with the UE (point (a)), and starts tunnelling the buffered downstream packets towards the target SRNC. The target RNC executes switch for all bearers at the earliest suitable time instance. 

7) The target RNC starts acting as SRNC. The target SRNC :
· Restarts the RLC connections. This includes, for Non Real Time bearers, the exchange between the target SRNC and the UE of the UP_RLC_Ack and DOWN_RLC_ACK. DOWN_RLC_ACK confirms all mobile-terminated packets successfully transferred before the start of the relocation procedure. If DOWN_RLC_ACK confirms reception of packets that were forwarded from the source SRNC, then these packets shall be discarded by the target SRNC. UP_RLC Ack confirms all mobile-originated packets successfully transferred before the start of the relocation procedure. From now on the exchange of the packets with the UE can restart (point (b)). For bearers with header compression, the header compression  entities renegotiate / restart between UE and target RNC. From now on the exchange of data between UE and network can restart.
· Sends New MM System Information to the UE indicating e.g. relevant Routing Area and Location Area. A new RAI triggers a routing area update procedure. Additional RRC information may then also be sent to the UE, e.g. new RNTI identity. This may trigger a location update procedure (see 9 and 12)

8) Immediately after a successful switch at RNC, target RNC (=SRNC) sends SRNC Relocation Detect message to the SGSN2. After sending out the New MM System Information, the target RNC sends SRNC Relocation Complete message to the SGSN2. 

9) The UE sends a Routing area update request (old RAI; old P-TMSI; old PTMSI signature, Update type) to SGSN2 when the New MM System Information included a new RAI. 

10) Upon reception of RAU request, the SGSN2 updates the GGSN(s) with a Update PDP Context Request including the new SGSN address. The GGSN(s)  then update the PDP context and return Update PDP Context Response. The SGSN2 sends a Complete SRNC Relocation towards the SGSN1. The target RNC then receiving downstream packets from both the old path (source SRNC) and from the new path (SGSN2), may  for RT bearers have too much packets in its queues. The way to discard these packets in excess is implementation dependant, 
11) At reception of the Complete SRNC Relocation, SGSN1 will send a release indication towards the Source RNC. All resources allocated to this UE by the source RNC are released only when this message has been received and timer T3-TUNNEL has expired.  Before timer T3-TUNNEL expires, all downstream packets received from the GGSN are sent towards the target SRNC.. 

12) The SGSN2 informs the HLR of the change of SGSN by sending Update GPRS location (IMSI, new SGSN address etc.) to the HLR. The HLR cancels the context in the old SGSN, SGSN1, by sending Cancel Location (IMSI). The SGSN1 removes the context and acknowledges with Cancel Location Ack. The HLR sends Insert subscriber data (IMSI, subscription data) to the SGSN2. The SGSN2 acknowledges with Insert Subscriber Data Ack. The HLR acknowledges the Update GPRS location by sending Update GPRS Location Ack to the SGSN2.

13) At reception of Insert subscriber data from HLR, the SGSN2 will send a Routing Area Update Accept message to the UE. This message will include new RAI, and possible also new P-TMSI. When the UE has made necessary updates it answers with Routing Area Update Complete. 

14) When receiving new MM system information indicating a new Location Area, the UE will, in this case, initiate a Location Area update procedure towards the MSC2. This implies that the Location Area update will be performed in parallel to the above indicated activities related to the SGSN side of the Core Network.

It has to be noted that the sequence chart of Figure 4-27 may be further refined.
UE-GGSN Communication path during the SRNS relocation procedure 

Before point (a), in Figure 4-27, the connection is established between UE and GGSN via Source SRNC and SGSN1.
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Figure 4-28:Data paths before the SRNS relocation has been actually committed (before point (a) in Figure 4-27)

After transmission of the "SRNS relocation commit" to the target SRNC (after point (a) in Figure 4-27), the source RNC cannot exchange data with the UE because its RLC should be frozen after the transmission of the RLC sequence numbers to the target RNC. Before the restart of the RLC between target SRNC and UE (before point (b) in Figure 19), data transfer cannot go on. All downstream packets received by the target SRNC during this phase are buffered until restart of the RLC between target SRNC and UE.
After point (b), in Figure 4-27, packet transfer between UE and network can restart. Upstream packets are sent to GGSN via SGSN2 while up to point (c) downstream packets are still sent to the UE via SGSN1, source RNC and target SRNC..

After point (c), in Figure 4-27, the connection is established between UE and GGSN via Target RNC and SGSN2.

Before resource release in source RNC (before T3-TUNNEL expiry), target SRNC may receive downstream packet from 2 paths. Packets remaining on the backbone are sent on the "old path" (via SGSN1 and RNC1) and forwarded by source RNC1 to target SRNC2 while packets received by the GGSN on its Gi interface are sent on the new path (via SGSN2) to target SRNC2.
For services requiring high reliability, during T3-Tunnel, the target SRNC listens to the two GTP tunnels at the same time and transfers to the UE packets coming from both paths. For RT services, if target SRNC has too much packets in its queues (e.g. queues not coherent with maximum transfer delay), the way to discard the packets in excess is implementation dependant 
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Figure 4-29: Data paths after the GGSN update (after point (c)  in Figure 4-27)
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Figure 4-30: Data paths after the resource release in source RNC (after point (d)  in Figure 4-27)
Advantage of this mechanism:

· A common mechanism works for both RT and NRT services. This mechanism works also for GPRS R97 <--> UMTS hand-over.

· The mechanism works for both SRNS relocation and Hand-Over impacting the CN: in the latter case there may be no time to prepare the Hand-Over and hence  no possibility to request anything (e.g. to duplicate PDU for bi-casting) from the GGSN before the commit as e.g. when this Hand-Over impacting the CN corresponds in fact to a cell update. 
Drawbacks:

· There are two breaks in transmission (one when the data stream starts from source RNC to target RNC, and one when the data stream starts from GGSN via target SGSN) as described in the following figure: speech frames 4,5,6 sent from the source RNC may be delayed by a few tens of milliseconds, speech frames 7,8 are discarded by the target RNC since frames 9, 10 are coming from target SGSN at the same time. So, we have one blank and one frame slip.
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Note:  concerns that this might not work properly for RT services have been raised. If the service interruption cannot  meet service requirements, then a feasibility study could be made on alternative mechanisms to meet these requirements for R00 (e.g. bi-casting) .
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