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1. Introduction
In intra-LTE handover for UEs in LTE_ACTIVE, lossless/seamless service provisioning is the most important concept. The current specification TS36.300 [1] says that “in-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the re-ordering function at the PDCP layer”.
With keeping this agreement, we propose an enhancement of the continuous PDCP SN approach to more generic one, namely semi-continuous PDCP SN approach under the requirement of lossless/seamless handover. This approach can provide continuous PDCP SN by adjusting gap to 0 and can also enable prioritized S1 data transmission by adjusting gap to some value.
2. Discussion
Continuous PDCP SN approach is specified by current specification. However, considering non-S1 waiting transmission in the case where there are no PDCP SDUs from X2 but some PDCP SDUs from S1, some generalized approach is needed in addition to continuous PDCP SN approach.
2.1.  Continuous PDCP SN Approach
The detailed methods of how to provide the in-sequence delivery based on the continuous PDCP SN approach have been discussed. In order to provide this, RAN2 has agreed that source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB.
In addition, RAN2 also agreed in RAN2#58bis meeting that source eNB has to inform the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet either from source eNB or from the S-GW.
Furthermore, RAN2 has agreed that the target eNB prioritizes all downlink PDCP SDUs forwarded by the source eNB. The prioritization leaves an implementation when there are no PDCP SDUs from X2 but some packets from S1. Thus, the target eNB can send packets from S1 without waiting for the reception of all forwarded PDCP SDUs if it is desirable due to the X2 congestion (e.g., train cases), the latency reduction, or the reduction of buffering overhead. This transmission is referred to as “non-S1 waiting transmission”. Note RAN3 also agreed that “S1 Waiting Timer” [2] is considered as an implementation issue.
These agreements should be carefully studied in order to provide continuous PDCP SN approach.
Summary: Continuous PDCP SN approach should be carefully studied in RAN2 considering the agreements of RAN2 and RAN3.
2.2.  Semi-continuous PDCP SN Approach
Assume that the next DL PDCP SN is used for the packet sequencing from the S-GW in the target eNB, in order to provide “strictly” continuous PDCP SN. Under this assumption, the source eNB has to know the last forwarded PDCP SDU and then notify the PDCP SN to the target eNB. Note the potential solution that the source eNB can directly know the last forwarded packets from the S-GW and the sequencing of PDCP SN is based on GTP SN was proposed in [3], but this proposal was not agreed in RAN3. In this case, the target eNB has to buffer packets received from the S-GW until receiving the PDCP SN notification from the source eNB. Thus, if the source eNB will activate the non-S1 waiting transmission due to the X2 congestion (e.g., train cases), the latency reduction, or the reduction of buffering overhead, it can never start flushing out the stored packets. Therefore, since the usage of the next PDCP SN for the sequencing from the S-GW in the target eNB can not perform the non-S1 waiting transmission, RAN2 should specify some approach which enables this. The semi-continuous PDCP SN solution which does not cause inter-layer interaction is one of the appropriate solutions.
Whilst assuming that next DL PDCP SN is used for the packet sequencing from the source eNB, there are no sequencing methods to enable the non-S1 waiting transmission. The potential solution that the target eNB can directly know the last forwarded packets from the S-GW and the sequencing of PDCP SN is based on GTP SN was proposed in [4], but this proposal was not agreed in RAN3. Therefore, RAN2 should specify some approach which enables the non-S1 waiting transmission. The semi-continuous PDCP SN solution which does not cause inter-layer interactions is one of the appropriate solutions.
Summery: The prioritized transmission in the target eNB is currently an implementation issue. In order to enable non-S1 waiting transmission in the target eNB, RAN2 should specify some approach which does not cause inter-layer interactions.
3. Proposal
Considering the current agreements of handling on S1 data in RAN2 and RAN3, we propose that the specification does not limit only to the continuous PDCP SN solution. The better way is that the specification describes the semi-continuous solution where PDCP SN has some implementation-dependent gap. In the case when S1-waiting transmission approach is preferred, the gap is set to 0. Whilst in the case non-S1 waiting data transmission is preferred, the gap is set to some value. 
In this proposal, the target eNB and the UE may share the gap value over-the-air signalling. In addition, during the period of the handover, the UE would maintain two separate sequences, one for X2 data and one for S1 data. The details are currently FFS. 

Although this approach may cause these additional complexities, it can provide both continuous PDCP SN transmission which is agreed in RAN2 and non-S1 waiting transmission which could be performed according to current specification. Note again the prioritized transmission can be potentially activated due to X2 congestion (e.g., train cases), the latency reduction, or the reduction of buffering overhead.
Proposal: Semi-continuous PDCP SN solution is the generic approach of continuous PDCP SN approach. The setting of gap value leaves an implementation. It should be set to 0 in the case where S1 waiting transmission is preferable and it should be set to some value in the case where the non-S1 waiting transmission is preferable.
4. Conclusion

Continuous PDCP SN approach should be carefully studied in RAN2 considering the agreements of RAN2 and RAN3. Regarding prioritized transmission in the target eNB, it is currently an implementation issue. In order to enable the target eNB to send packets from S1 without waiting for the reception of all forwarded PDCP SDUs (non-S1 waiting transmission), RAN2 should specify some approach which does not cause inter-layer interactions.
Therefore we propose the followings:
Proposal: Semi-continuous PDCP SN solution is the generic approach of continuous PDCP SN approach. The setting of gap value leaves an implementation. It should be set to 0 in the case where S1 waiting transmission is preferable and it should be set to some value in the case where the non-S1 waiting transmission is preferable.
~ Text Proposal ~

10.1.2.3
Data forwarding
In-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN with implementation-dependent gap and is provided by the re-ordering function at the PDCP layer, which can be activated at least during inter-eNB mobility:
~ End ~
5. References

[1] TS36.300 v8.1.0.
[2] R3-070539, “DL forwarding and reordering”, NTT DoCoMo.

[3] R3-061678, “A method to release source resources during handover”, Samsung.
[4] R3-070553, “Completion of data forwarding in S/T-ENB”, Samsung.























































































































































































Page 3 of 3
3GPP


