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1

Introduction

This contribution discusses data forwarding, sequence number handling and the ‘delivery order required’ issue for the Inter RAT HO between E‑UTRAN and UTRAN/GERAN. Some conclusions are made that are reflected in the proposal section, but there’s also a need to ask for some decisions of other groups.

2
Discussion

Chapter 10.2.2 of [1] lists 9 principles to be applied to Inter RAT HO design in order to minimise changes to GERAN and UTRAN. These principles are considered for the conclusions in this discussion section, especially when decisions between alternatives have to be made. 
2.1
Data forwarding 
For data forwarding the following IRAT HO principles that are listed in [1] are important:

5.
Mechanisms for avoiding or mitigating the loss of user data (i.e. forwarding) can be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.

7.
Similar handover procedure should apply for handovers of both real time and non-real time services.

8.
Similar handover procedure should apply for both Inter RAT Handover and intra-LTE Handover with EPC node change.

In [2] the signalling for IRAT HO is defined. The figure below shows the user data paths that can be established according to [2] before, during and after an E‑UTRAN to 3GPP legacy networks HO. It can be seen that data forwarding can occur (a) directly between eNB and the target RNC/SGSN or (b) can be routed indirectly via S-GW to the target RNC/SGSN or (c) can be routed indirectly via S-GW and target S-GW, if S-GW relocation is decided by the MME. 
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Analysis of the mechanisms applied for data forwarding:

Within E‑UTRAN:

By using separate tunnel endpoints for forwarded and direct path data packets and checking for the end tag packet it is already possible to achieve a high probability to deliver the packets in sequence during intra LTE HO. For acknowledged mode bearers even the same quality than for the rest of the network is achieved during HO with respect to in-sequence delivery, packet duplication and packet loss. This is achieved by activation of additional functions for in-order delivery and duplicate elimination functions in the downlink, re-transmission of PDCP SDUs in the uplink and PDCP status preservation between source and target eNBs during HO. It can be concluded that delivery order is not required because the services are based on IP, which anyway does not provide such guarantees. Services that rely on in sequence delivery have to utilize further IP based layers like TCP for example. Nevertheless certain means are provided in the E‑UTRAN to maintain the same in-sequence delivery behaviour to the services than it is perceived without the HO event, which is important when e.g. HO caused TCP slow start events shall not occur. 
UTRAN -> UTRAN/GERAN:

PS HO is defined in [3]. Parts of the described HO procedures described there refer to [4] (Combined Hard Handover and SRNS Relocation). For bearers that require in order delivery, according to their QoS profile, a mechanism that is based on GTP-U SNs is applied. Also, for bearers that require lossless PDCP the PDCP SN GTP-PDUs forwarded to the target RNS indicate a PDCP sequence number if the contained N-PDUs were sent to the MS as a PDCP-SDUs, but are not yet acknowledged by lossless PDCP. Also, corresponding GTP-U and PDCP SN information must be sent via C-plane to allow the corresponding alignments at the target side (details find in [3], [4]).
Conclusion: While there are similarities between ‘lossless PDCP’ handling on legacy side and ‘PDCP status preservation’ on LTE side, there are completely different mechanisms with respect to in order delivery (different tunnel end points for forwarded and direct path packets plus end-tag evaluation versus one tunnel end point for forwarded and direct path packets and using GTP-U SNs).
Two solutions are possible for E‑UTRAN to UTRAN/GERAN HO with delivery order required: Either the EPS adopts to the legacy system or vice versa. As all the principles for IRAT HO that are listed in [1] are aimed to minimise changes to GERAN and UTRAN it’s the preferred solution to adopt EPS to legacy. Note that for the E‑UTRAN to UTRAN/GERAN HO this requires to insert GTP-U SNs at an EPC node when the delivery order shall be maintained during HO (see also 2.3
Delivery order required).
For UTRAN/GERAN to E‑UTRAN HOs with delivery order required the eNB can rely on the GTP‑U SNs that are provided by the UTRAN/GERAN side because the responsible GTP-U entities (RNC/BSSs and GGSN) shall assign consecutive GTP-U SNs to user packets belonging to the same PDP context for uplink and downlink, respectively. An alternative that ignores the GTP-U numbers is to assign a separate tunnel endpoint for the reception of forwarded data than for the reception of direct path data in the E‑UTRAN. Then the same mechanisms can be applied for that kind of handover as for S1 initiated intra E‑UTRAN HO to maintain packet sequence. However, this method is less reliable unless end tag packets are inserted by the S-GW also for this HO type. Therefore, the S‑GW needs to insert end tag packets when ‘delivery order required’ must be supported. The later method is the preferred one because it is transparent
 to the UTRAN/GERAN and it allows for reusing already existing mechanisms on the E‑UTRAN target side. 
If lossless PDCP is required by either UTRAN/GERAN or E‑UTRAN source side it shall be possible to align the PDCP SNs between source and target side, as similar mechanisms are applied for lossless PDCP at UTRAN/GERAN side and PDCP status preservation at E‑UTRAN side. 

Conclusion: For E‑UTRAN to UTRAN/GERAN Inter RAT HOs data forwarding shall adopt to legacy mechanism. This implies the need to insert GTP-SN in EPC nodes when ‘delivery order required’ has to be supported.
Conclusion: For the UTRAN/GERAN to E‑UTRAN Inter RAT HO the forwarded data shall be sent to a different tunnel endpoint than the direct path data. This should be transparent to the source side. On the target side mechanisms from S1 initiated Intra E‑UTRAN HO can be reused concerning data forwarding. To be reliable this requires insertion of end tag packets by the S-GW (Target S-GW) also for that HO type. 
2.2
PDCP SN handling
In legacy systems the source side may decide to use ‘lossless PDCP’. The use of ‘lossless PDCP’ is selected by the RNC/BSC when the radio bearer is set up or reconfigured. This requires that at the source side the GTP-PDUs related to transmitted but not acknowledged PDCP-PDUs are duplicated and routed at IP layer towards the target RNC together with their related downlink PDCP sequence numbers. The target SRNC establishes and/or restarts the RLC, and exchanges the PDCP sequence numbers (PDCP-SNU, PDCP-SND) between the target SRNC and the MS. Therefore the packet senders at the target side (UE for UL; RNC/SGSN for DL) can identify packets that were already successfully transferred before the handover. Corresponding packets will be discarded which prevents from packet duplications during HO.

A similar mechanism (PDCP status preservation) is applied for acknowledged mode bearers during intra E‑UTRAN handovers.

The PDCP SN have different length in E-UTRAN (0..4095) and UTRAN (0..65535), but there exist even smaller SNs (0..255) at legacy side. For the later case there exist mapping mechanism are applied in the SGSN where the most significant 8 bits are stripped off. Therefore, for handover to UTRAN/GERAN it could be a solution to convert the PDCP SN of the E‑UTRAN to a (0..65535) value by filling the additional bits with ‘0’s before sending it to the UTRAN/GERAN side and then let the GERAN apply the already defined mapping rules for the UTRAN to GERAN HO, if this is necessary there.
For HOs to E‑UTRAN the E‑UTRAN may receive bigger SNs than are normally used within the E-UTRAN. A solution could be to apply a similar mapping rule in the eNB as it is applied in the SGSN to reduce the (0..65535) values, i.e. to strip off the most significant 4 bits of the received PDCP-SN to convert it to a valid E‑UTRAN value.
Conclusion: PDCP sequence numbers can be mapped between source and target systems, if it is necessary to maintain this SN, e.g. in order to prevent from packet duplications caused by HO events. 
2.3
Delivery order required 

While both in E‑UTRAN and in UTRAN/GERAN deliver order is not required for IP based services, because delivery order, if required by the IP based service, has to be maintained by utilizing further IP based layers like TCP or by the application itself. However, E‑UTRAN provides means for acknowledged mode bearers (PDCP status preservation) that prevent packet duplications or out-of sequence events that may be cause by the HO event. This is especially important for services that are sensible to out of sequence packets or packet duplication, i.e. to exclude slow start events for TCP based applications that are caused by HO.
Conclusion: Delivery order is not required for IRAT HOs but is shall be clarified whether it is temporarily required for some bearer types in order to maintain high service availability during HO.
3
Proposal

For IRAT HO it is proposed:
1. To discuss section 2.1 about data forwarding and to agree on the following:

a. For E‑UTRAN to UTRAN/GERAN Inter RAT HOs to adapt to legacy mechanism. This implies the need to insert GTP-U SNs in EPC nodes when ‘delivery order required’ (depends on result of point 2) has to be supported.

b. For the UTRAN/GERAN to E‑UTRAN Inter RAT HO to send the forwarded data to a different tunnel endpoint than the direct path data in the E‑UTRAN target system in order to allow re-using data forwarding mechanisms from S1 initiated Intra E‑UTRAN HO. For reliability this requires insertion of end tag packets by the S-GW (Target S-GW) also for this HO type when ‘delivery order required’ (depends on result of point 2) has to be supported.
2. To discuss section 2.2 about forwarding and handling of PDCP SNs and section 2.3 about delivery order and to clarify whether temporary ‘in order delivery’ and support of ‘lossless PDCP’ is required for any bearers. A LS shall  be sent to RAN2 and SA2 either:
a. to inform RAN2 and SA2 about RAN3 preference, if there is any;   or
b. to ask RAN2 and SA2 about the need for temporary ‘in order delivery’ and ‘lossless PDCP’ during IRAT HO.
Also the possible implications discussed in point 1 shall be mentioned in this LS. 

4
References

[1] TS 36.300 V8.4.0 (3/2008) E-UTRA and E-UTRAN Overall description; Stage 2

[2] TS 23.401 V8.1.0 (3/2008) GPRS Enhancements for E-UTRAN access

[3] TS 43.129 V7.2.0 (5/2007) RAN PS handover for GERAN A Gb mode Stage 2 (also decribing Inter RAT/mode UTRAN/GERAN Iu mode to GERAN A/Gb mode PS HO and vice versa direction)
[4] TS 23.060 V8.0.0 (3/2008) GPRS Service description Stage 2

[5] TS 25.323 V8.0.0 (12/2007) PDCP specification

[6] TS 25.303 V8.0.0 (12/2007) Interlayer procedures in Connected Mode

























































































































� Depends also on the definition of the end marker packet
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