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1
Introduction

It is a basic requirement that the SAE Bearer Service should support in-sequence data delivery. In this document, we address our views on which protocols within the E-UTRAN should have re-ordering capabilities to support this in-sequence data delivery requirement.
2
Background
2.1
Agreed LTE architecture
Figure 1 below shows the agreed LTE architecture.
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Figure 1 – LTE Bearer Service
· SAE Bearer Service is the bearer service between aGW and UE
· SAE Access Bearer Service is the bearer service between aGW and eNB

· SAE Radio Bearer Service is the bearer service between eNB and UE

· In-sequence data delivery is provided by the RLC sublayer for the SAE Radio Bearer Service
· Data forwarding is to be performed in order to support lossless/seamless handover in case of Intra-LTE-Access mobility
· PDCP sublayer is terminated between aGW and UE

2.2
Study points on the in-sequence data delivery requirement for the SAE Bearer Service
Since in-sequence data delivery will be provided by RLC sublayer for the SAE Radio Bearer Service, the question is:
“Can in-sequence data delivery provided by the SAE Radio Bearer Service by itself ensure in-sequence data delivery for the SAE Bearer Service?”
The question can be broken down into the following 3 questions must be addressed:

Question 1:
“Can in-sequence data delivery provided by the SAE Radio Bearer Service by itself ensure in-sequence data delivery for the SAE Bearer Service in the non-mobility case?”
Question 2:
“Can in-sequence data delivery provided by the SAE Radio Bearer Service by itself ensure UL in-sequence data delivery for the SAE Bearer Service in the mobility case?”
Question 3:
“Can in-sequence data delivery provided by the SAE Radio Bearer Service by itself ensure DL in-sequence data delivery for the SAE Bearer Service in the mobility case?”
Then, if in-sequence data delivery provided by the SAE Radio Bearer Service by itself is not enough to ensure in-sequence data delivery for the SAE Bearer Service, mechanisms to assure this must be considered.

The following questions are addressed in Section 3.
3
Discussion
3.1
Question 1

Since in-sequence data delivery will be provided by RLC sublayer for the SAE Radio Bearer Service, Question 1 can be translated as, “Does any out of order occur in the SAE Access Bearer Service?”.
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The only case out of sequence can occur between aGW and eNB is if there is any route switching in between during the connection. This can happen if public IP network is used between the aGW and eNB, however, but this probability is negligible.

Conclusion: In-sequence data delivery provided by the SAE Radio Bearer Service by itself can ensure in-sequence data delivery for the SAE Bearer Service in the non-mobility case.
3.2
Question 2

Since in-sequence data delivery will be provided by RLC sublayer for the SAE Radio Bearer Service, Question 2 can be translated as, “Does data sent to from target eNB to aGW after handover reach aGW earlier than the data sent from the source eNB to aGW before handover due to different S1 interface delays?”
Considering that the source eNB doesn’t buffer RLC SDUs received in sequence, and that interruption time (time to establish U-plane) at handover is in between 20-100ms (RAN3 TR [1]), this probability is negligible.
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The source eNB might succeed in reassembling RLC SDUs that are out-of-order (preceeding RLC SDU hasn’t been reassembled yet), but the source eNB can either discard these RLC SDUs or forward them to the target eNB (FFS).

Conclusion: In-sequence data delivery provided by the SAE Radio Bearer Service by itself can ensure UL in-sequence data delivery for the SAE Bearer Service in the mobility case.

3.3
Question 3
Since in-sequence data delivery will be provided by RLC sublayer for the SAE Radio Bearer Service, Question 3 can be translated as, “Does data sent to from aGW to target eNB after pathswitch reach target eNB earlier than the data forwarded from source eNB to target eNB during handover?”
In the DL, source eNB can start forwarding (copy of) data to target eNB when it decides to command handover, and path switch occurs after target eNB receives the handover complete message from UE. Therefore, it is expected that at least the last of the forwarding data will reach target eNB later than the data from aGW after path switch. Moreover, in the DL, source eNB can have buffered a large amount of data before handover, and most of the forwarding data can reach target eNB later than the data from aGW after path switch.
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Conclusion: In-sequence data delivery provided by the SAE Radio Bearer Service by itself cannot ensure DL in-sequence data delivery for the SAE Bearer Service in the mobility case.
3.3.1
How to ensure DL in-sequence data delivery for the SAE Bearer Service in the mobility case

The RAN3 LS [2] says that if PDCP sublayer has reordering capabilities, in-sequence data delivery should be provided at the SAE Bearer Service level, and if not, it should be provided by the combined effort of the SAE Access Bearer Service and the SAE Radio Bearer Service. So basically, there are the following two options.

Option 1:

· No reordering at target eNB,

· Reordering by the RLC sublayer at UE, and

· Reordering by the PDCP sublayer at UE

Option 2:

· Reordering at target eNB,

· Reordering by the RLC sublayer at UE, and

· No reordering by the PDCP sublayer at UE
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Figure 3 – Reordering at UE vs reordering at eNB
With Option 1, the UE needs to perform reordering twice: once at RLC and again at PDCP. There are several concerns with this duplicate reordering at the UE. First of all, there is an impact to UE complexity due to duplicate reordering. Also, a new out-of-sequence delivery mechanism must be implemented at the PDCP layer in order to handle data loss on the S1 interface. In terms of end user performance, out-of-sequence transmission by the eNB will just increase packet delay observed by the application layer. With Option 2, this delay can be made invisible if enough forwarded data has been buffered at target eNB before the path switch.
Conclusion: Target eNB should perform reordering of DL data in the mobility case (i.e. target eNB should transmit data forwarded from source eNB before transmitting data sent from aGW after path switch), and no reordering by the PDCP sublayer at UE is necessary.

3.3.2
How should target eNB reorder DL data in the case of mobility
For target eNB to reorder DL data in the case of mobility, the following three mechanisms can be considered:
Option 1:

· Reordering by snooping PDCP SN

Option 2:

· Reordering based on some SN on the S1 interface

With Option 1, eNB needs to receive PDCP PDUs, look into the PDCP PDU header to find the SN, and reorders DL data based on the PDCP SN. However, there are concerns with layer violation and future enhancements with this approach.

If future enhancements to PDCP header need to be made, with Option 1, this will not only impact aGW and UE, but also eNB, since eNB needs to reorder DL packets based on the PDCP SN. As a design principle layer violation should be avoided as much as possible, especially when it spans between different network nodes, i.e. aGW and eNB, in order to ease implementing future enhancements if there are any.
Also, with Option 1, how fragmentation of PDCP PDUs over the S1 and loss of fragments might affect the reordering at eNB must be assessed carefully.
With Option 2, these concerns are non-existent. Also, it should be noted that it is expected that there will be some SN anyways on the S1 interface to monitor normal operation over the S1 interface.
Conclusion: Target eNB should perform reordering of DL data in the mobility case based on some SN on the S1 interface.
4
Proposal
In this document, studied how the in-sequence data delivery requirement for the SAE Beare Service can be supported. The followings are concluded.

· In-sequence data delivery will be provided by RLC sublayer for the SAE Radio Bearer Service (RAN2 agreement)

· In addition, during handover, target eNB should reorder handle data forwarded from source eNB first before handling data sent from aGW after the path switch

· No other mechanism is required (i.e. reordering at PDCP sublayer is not needed)
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