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1. Introduction
In RAN2#57bis meeting, data handling at handover was discussed and PDCP based transfer scheme [1] was agreed as a starting point in order to guarantee in-sequence delivery of IP packets. In this scheme, source eNB transfers PDCP SDUs with the associated PDCP SN to target eNB.

This contribution discusses how to handle DL PDCP reordering in case of inter eNB handover.

2. Discussion

2.1. Current Forwarding Status

In this contribution, there are two discussion points below.
1. In PDCP based transfer method, it is stated that “Prioritized transmission of data forwarded over X2 and data router over S1-U follows original RAN2 agreement, target eNB prioritizes transmission of data forwarded via X2 over transmission of data routed via S1-U when they exist in the buffer at the same time”. With this solution, it seems that the target eNB could transmit data via S1-U when data forwarded from source eNB via X2 is delayed and they don’t exist in the buffer at the same time. In this contribution, it is referred to as “skipped transmission”.

2. In addition, it is stated that “Reordering of data forwarded via X2 and data routed via S1-U to target eNB cannot be performed by UE” and “Reordering of HARQ/ARQ out-of-order that spans across inter eNB handover is performed by UE at PDCP”.

With these two points, the following case unfortunately happens: the target eNB performs “skipped transmission” hoping for UE to reorder “skipped transmitted” PDCP SDUs but UE PDCP could not perform reordering of them.

Therefore, PDCP reordering location should be specified in order to take in-sequence delivery of IP packets into account. In the following, after possible forwarding case is shown, it is proposed that it be sufficient for PDCP reordering to be located only at UE for DL traffic.

2.2. Forwarding Scenario
Fig. 1 shows an example case of PDCP-buffer status in eNBs during HO.
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Fig. 1
(Source eNB)
PDCP SDU n-3 and n-1 are successfully sent from source eNB to UE. PDCP SDU n-2 and n are not acknowledged before HO. The unacknowledged PDCP SDUs (=n-2 and n) should be transferred via X2 with the associated PDCP SN. This is the case where HARQ/ARQ out-of-order spans across inter eNB handover.

(Target eNB)
A PDCP SDU m carrying data received over S1-U is received from S-GW via S1-U interface after the path switch of S-GW before receiving PDCP SDU n-2. PDCP SN m should be well managed in order to provide in-sequence delivery of IP packets. Some possible method is proposed in [2]. The target eNB should transmit them keeping the PDCP SN to UE over the air.

(UE)
The remaining data of HARQ/ARQ layer are flushed out and transferred to PDCP since RLC is reset. Then UE PDCP recognizes that PDCP SDU n-2 and PDCP n are unacknowledged and it starts reordering.
2.3. Possible Alternatives of PDCP Reordering

In order to guarantee in-sequence delivery of IP packets, in Fig. 1, PDCP SN which is attached by source eNB should be transferred to UE via target eNB. Then, there are possible two approaches in target eNB. The one is reordering at target eNB PDCP where PDCP SDUs forwarded from source eNB via X2 and PDCP SDUs containing data received from S-GW via S1-U are merged into in-sequence data (Alt. 1). Another is reordering at UE PDCP where target eNB sends these PDCP SDUs as they arrive over X2 and S1-U to UE where these PDCP SDUs are merged into in-sequence data (Alt. 2).

The details of these alternatives are shown below.
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(Alt. 1) S1 Waiting Timer
This approach is proposed for example in [3]. PDCD SDUs via X2 are first transmitted then PDCP SDUs via S1-U are transmitted after “S1 Waiting Timer” expires. In this case, as mentioned above, the target eNB should transmit forwarded PDCP SDUs via X2 to UE over the air keeping the notified PDCP SN from source eNB. After “S1 Waiting Timer expires”, the target eNB can transmit PDCP SDUs containing data received over S1-U to UE over the air where PDCP SN m is set to n+1.

Note in Alt. 1 that there becomes an imbalance in the eNB buffers for users that have moved to the target eNB and for users resident at that eNB. In addition, in cases where there are no forwarded data due to X2 congestion, service-dependent operation, loss of forwarded data, this method may lead to additional delay in the delivery of packets to the UE.

Pros   UE PDCP reordering can be focused on the case where HARQ/ARQ spans across inter eNB HO.
PDCP SN numbering of PDCP SDUs containing data received over S1-U is simple.

Cons  Reordering function is located in both target eNB PDCP and UE PDCP.
If data forwarding via X2 is delayed, data via S1-U are unfortunately waited until “S1 Waiting Timer” has expired. In cases where there are no forwarded data, this causes additional delay.
There may become an imbalance in the eNB buffers.
(Ail. 2) Skipped Transmission

If PDCP SDUs via X2 are delayed then PDCP SDUs via S1-U can be transmitted to UE before those received over X2. In this case, the target eNB should transmit PDCP SDUs via S1-U to UE over the air where PDCP SN m should be set to some predefined value more than n. For simplicity, in this contribution, target eNB sets m to n+10. Then, PDCP SDUs via X2 is transmitted to UE over the air keeping the notified PDCP SN from source eNB. This scheme is the original working assumption.

Note that the methods effectively make the UE aware of two data streams X2 (part of original sequence number set) and S1-U (start from a new sequence number) is FFS. In the above case, when UE successfully receives PDCP SDU n, reordering is performed for PDCP n+1,…, n+9 which don’t actually exist. Thus, some methods to avoid this wasteful reordering should be considered. One possible approach is to have two Reordering Windows at UE PDCP. Another possible approach is to have Reordering Timer at UE PDCP with maximum timeout value.

Pros  Reordering function is located only in UE PDCP.
If data forwarding via X2 is delayed, data via S1-U can be immediately transmitted.
Cons  Target eNB should autonomously derive PDCP SN of m which may be more than or equal to n according to notified PDCP SN from source eNB.
3. Conclusion

In the current PDCP SN based data forwarding scheme, the following case unfortunately happens: the target eNB performs “skipped transmission” hoping for UE to reorder “skipped transmitted” PDCP SDUs but UE PDCP could not perform reordering of them. Therefore, this contribution discussed the location of PDCP reordering in order to guarantee in-sequence delivery of IP packets.

In this contribution, we have shown that if PDCP SN is appropriately managed at target eNB for example SN of PDCP SDUs containing data received from S-GW via S1-U is set to some predefined value which is more than that of the last forwarded PDCP SDU, it is sufficient for PDCP reordering to be located only at UE. Therefore, we propose DL PDCP reordering be only performed at UE during inter eNB handover.

If RAN2 agrees this, Fujitsu will be happy to prepare appropriate CR to include the stage 2 document.
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