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1.  Introduction
Section 9.1.7 of TR 25.813 is extracted below:

Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation, to only re-transmit the downlink RLC SDUs not successfully received by the UE, is FFS.

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the aGW and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP within aGW may support re-ordering of uplink RLC SDUs during handover (operator control).

As it can be seen, it remains FFS if reordering of DL RLC SDUs takes place at UE PDCP or at eNB during an inter eNB handover. This document addresses this FFS point and proposes the way forward. Note that discussions in section 2.3 and 2.4 assume that UE PDCP reordering is supported, and are irrelevant otherwise.
2. Discussion
2.1 Review of the current situation
So far, the following points have been agreed for DL data handling [1]:

· RLC provides in-sequence delivery of upper layer PDUs

· RLC is reset at inter eNB handover

· Source eNB forwards SDUs that has not been successfully received by the UE to Target eNB

But it remains FFS on who will do the reordering when SDUs routed from aGW to Target eNB reaches before SDUs forwarded from Source eNB to Target eNB during inter eNB handover. The two candidates are Target eNB (at RLC sublayer?) and UE (at PDCP sublayer).

This is illustrated in Figure 1.
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Figure 1 – Illustration of the current situation
2.2 The need for reordering at UE PDCP
The main arguments that were made by proponents of the UE PDCP reordering approach during RAN2#53 were:

1. TNL setup on the X2 interface might not be ready by the time UE transmits the HO Complete to Target eNB

2. Data forwarding rate on the X2 interface might be slow

In both cases, it was argued that there might not be enough forwarded data at Target eNB to utilize the Uu bandwidth that could be available for the UE after the handover.

However, we don’t think the first argument is valid since Source eNB should send the HO Command only after it establishes the TNL between Target eNB for data forwarding. This kind of operation is common also for Rel-5 networks (i.e. RNC sends the HO Command only after it establishes the TNL between Target NB) to avoid call drops due to TNL setup failure. So at least the first of the forwarded data should be present at Target eNB by the time UE transmits the HO complete.
With regards to the second argument, we think this is only valid when the data forwarding rate on the X2 interface is slower compared to the Uu transmission rate between Target eNB and UE after the handover, since Target eNB can transmit forwarded data as they come (without having to wait for the data forwarding to be completed). The question is then, “How often will such cases happen?”
When the S1/X2 interface is not loaded, the above mentioned second argument should not be an issue, since the S1/X2 interfaces would be designed to support the peak data rate for the cell and such transmission rate will not be achieved at the cell edge. Figure 2 illustrates such scenario. Figure 2 shows a deployment where DL S1 supports 100Mbps and UL S1 50Mbps to support LTE’s target peak data rate in a 20MHz bandwidth cell. If the S1/X2 interfaces is not loaded at all, data forwarding can be provided at a rate of 50Mbps. On the other hand, the attainable DL cell edge bitrate in a 20MHz bandwidth is thought to be around 5-10Mbps. Therefore, the above mentioned issue is not a problem.
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Figure 2 – Illustration of data forwarding when there is no other load on the S1/X2 interface
When the S1/X2 interface is loaded, however, the above mentioned second argument might become viable. Depending on (1) the UL load on the S1 interface between Source eNB and aGW, (2) the DL load on the S1 interface between Target eNB and aGW, and (3) the X2 load between Source and Targe eNB for other users, the data forwarding rate for a particular UE may be restricted. Furthermore, the probability that the data forwarding rate will be restricted increases as more cells are served within an eNB site, as statistical multiplexing will be accounted for in designing the backhaul bandwidth. At this moment, it is hard to tell how often the data forwarding rate will be restricted to a rate lower than the attainable Uu rate between Target eNB and UE after the handover. It seems that some implementation efforts can be made to reduce the impact (e.g. data forwarding can be prioritized at Source eNB over transmission of UL data to aGW; Target eNB can schedule transmission to other UEs in the cell when not enough data has been forwarded for an UE performing handover). Even then, it is not clear whether there will be no performance impacts due to not allowing at Target eNB, transmission of data routed from aGW before data forwarding from Source eNB is completed.

Conclusion: It is suggested to take the support of a reordering functionality at UE PDCP as a working assumption to be on the safe side. But if RAN2 can identify that there are no serious performance impacts in not having this functionality, it should not be supported.
2.3 Target eNB operation (assuming that UE PDCP reordering is supported)
This section assumes that UE PDCP reordering is supported. If UE PDCP reordering is decided not to be supported, Target eNB should perform the reordering at inter eNB handovers (i.e. it should transmit to UE data from aGW only after it completes transmiting the forwarded data).

Even if UE PDCP reordering is supported, it is important that Target eNB prioritizes within its transmission/SDU buffer, the data forwarded from Source eNB over the data routed from aGW. In other words, Target eNB should not operate its transmission buffer on a FIFO basis when it receives data from Source eNB and aGW simultaneously. If Target eNB operates its transmission buffer on a FIFO basis, it will end up delaying transmission of data forwarded from Source eNB since it allocates part of the Uu bandwidth to the data routed from aGW, and the application data rate the UE experiences will drop (since data will be buffered due to PDCP reordering). This is illustrated in Figure 3.
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Figure 3 – Comparison of different Target eNB transmission buffer operation (assuming UE PDCP reordering)
Conclusion: Even if reordering functionality at UE PDCP is supported, Target eNB should prioritize within its transmission/SDU buffer, the data forwarded from Source eNB over the data routed from aGW. RAN2 is requested to discuss whether or not this is an implementation issue.
2.4 UE RLC reordering and UE PDCP reordering
Again, this section assumes that UE PDCP reordering is supported. If UE PDCP reordering is not to be supported, UE should always perform RLC reordering and Target eNB should perform the reordering at inter eNB handovers (i.e. it should transmit to UE data from aGW only after it completes transmitting the forwarded data).

If it is decided to support UE PDCP reordering, the following 3 questions arise naturally:

1. Is UE RLC reordering still needed?

2. If needed, when should RLC reordering be active?

3. When should UE PDCP reordering be active?

In addressing the above questions, the handling of packet loss above RLC should be considered. Here packet loss above RLC refers to packet loss on the S1 and packet loss due to eNB SDU discard (before part of the SDU is transmitted). We note here, though, that in general we think packet loss on the S1 occurs very rarely. However, we think packet loss due to eNB SDU discard can occur once in a while to perform Active Queue Management for TCP applications.
When inter eNB handover is not performed and if UE RLC performs reordering based on RLC SN which is independent of PDCP SN, UE PDCP knows that out of order PDCP PDUs only occur due to packet loss above RLC. Since it is known that packet loss above PDCP will not be retransmitted (no ARQ entity at aGW), UE PDCP can process out of order PDCP PDUs without any delay.

On the other hand, even when inter eNB handover is not performed, if UE RLC doesn’t perform reordering and UE PDCP performs all the required reordering, UE PDCP can not know whether an out of order PDCP PDU is due to packet loss above RLC or whether they are still in the pending (H)ARQ retransmissions. Therefore, UE PDCP must wait for possible (H)ARQ retransmissions even when the PDCP PDU is lost above RLC and will never be retransmitted, resulting in unnecessary packet transfer delay. In order to prevent this, eNB must read into the PDCP header and detect loss of PDCP PDUs which occurs above RLC and signal this event to the UE, which we think incurs too much complexity.
From the above analysis, we think that UE RLC reordering should be performed always, and UE PDCP reordering should only be performed at the time of inter eNB handover to reorder packets routed from aGW and packet forwarded from Source eNB to Target eNB. A trigger for activating UE PDCP reordering can be the event where UE RRC submits the HO Command to UE RLC. A trigger for deactivating UE PDCP reordering can for example an expiry of a timer or some explicit signalling from Target eNB indicating that all data forwarded from Source eNB has been transmitted to the UE.
Conclusion: Even if reordering functionality at UE PDCP is supported, reordering of DL RLC PDUs at UE RLC should always be performed. In addition, if reordering at UE PDCP is supported, it should be activated only at the time of inter eNB handovers.
3. Proposal
From the above discussions, the following way forward is suggested for the issue of DL packet reordering at inter eNB handover:
Way forward 1:

It is suggested to take the support of a UE PDCP reordering of DL packets as a working assumption. But if RAN2 can identify that there are no serious performance impacts in not having this functionality, it should not be supported.

Way forward 2:

Even if UE PDCP reordering of DL packets is supported, it is suggested that Target eNB should prioritize, of the existing data within its transmission/SDU buffer, the transmission of data forwarded from Source eNB over the data routed from aGW. RAN2 is requested to discuss whether or not this is an implementation issue.

Way forward 3:

Even if UE PDCP reordering of DL packets is supported, it is suggested that UE RLC reordering of DL RLC PDUs should always be performed. In addition, if UE PDCP reordering of DL packets is to be supported, it should be activated only at the time of inter eNB handovers.
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