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1 Introduction

During RAN2#58bis the user plane handling for lossless handover for inter-eNB handover was discussed, and RAN2 decided

1) 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.
2) to have the possibility to send a PDCP SN report by the target eNB to the UE for uplink transmission.
 In LS from RAN2 [1], RAN3 was asked to

1) specify a mechanism 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.
2) specify a mechanism to inform from the source eNB to the target eNB about the received PDCP SDUs.
In this document, we discuss about possible alternatives for PDCP SN indication from the source eNB to the target eNB for inter eNB HO and propose that source eNB informs the target eNB about next DL PDCP SN to allocate to a packet which does not have a PDCP SN yet from source eNB together with the information on the received PDCP SDUs during HO execution phase.
2 Discussion
2.1 Received PDCP SDU report from the source eNB

Regarding the point 2 above, it is foreseen that the source eNB informs the target eNB about the information on the received PDCP SDUs during HO execution phase due to the following reasons.
· During HO preparation phase, UL transmission from the UE might still keep on going.

· After the source eNB sends HO command to the UE, it is expected that the UE initiates HO to the target eNB.
· To reduce HO delay for UL transmission of the UE, the target eNB should send a PDCP SN report to the UE immediately after the UE appears in the target eNB, i.e. HANDOVER CONFIRM.

2.2 Next DL PDCP SN indication from the source eNB
As described in the LS from RAN2, there are following two alternatives as depicted in Figure 1.

Alt. 1) Next DL PDCP SN is to allocate to a packet which does not have a PDCP sequence number from source eNB
Alt. 2) Next DL PDCP SN is to allocate to a packet which does not have a PDCP SN yet from the S-GW
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Figure 1 Alternatives for the indication of the next DL PDCP SN
2.3 Solutions for Received PDCP SN report and Next DL PDCP SN indication from the source eNB
In the section, we discuss the solutions based on alternatives for the indication of next DL PDCP SN.
Alt. 1) Next DL PDCP SN is to allocate to a packet which does not have a PDCP sequence number from source eNB
Figure 2 shows the procedure for Alt. 1.

After transmitting of the HO COMMAND to the UE, the source eNB informs the target eNB about next DL PDCP SN to allocate to a packet which does not have a PDCP SN yet from source eNB and the information on the received PDCP SDUs in PDCP SN INFO message.
During data forwarding, source eNB forwards a packet with PDCP SN if the PDCP SN is smaller than “Next PDCP SN”. Otherwise, source eNB forwards a packet without PDCP SN.
On the reception of HO COMPLETE ACK from the MME, the target eNB sets a timer and until the timer is expired it buffers packets coming from S1 and relays only packets coming from X2 into PDCP layer.
After the timer is expired the target eNB starts to relay packets coming from S1 into PDCP layer and sends RESOURCE RELEASE to the source eNB. Please note it is not the subject of this alternative whether RESOURCE RELEASE is send just after HANDOVER COMPLTE ACK or expiration of the timer.
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Figure 2 Inter-eNB HO procedure in Alt. 1
Alt. 2) [image: image7.emf]Next DL PDCP SN is to allocate to a packet which does not have a PDCP SN yet from the S-GW
In Alt. 2, there are more options by the method for detecting that the source eNB doesn’t receive a packet from the S-GW any more.
Alt. 2-1) Explicit CP signaling from the MME to the source eNB
Figure 3 shows the procedure for Alt. 2-1).

After transmitting of the HO COMMAND to the UE, the source eNB informs the target eNB about the information on the received PDCP SDUs in PDCP SN INFO message.
During data forwarding, source eNB forwards a packet with PDCP SN.

On the reception of HO COMPLETE from the target eNB, the MME sends HO COMPLETE INFO which informs the source eNB about switching of data path in addition to HO COMPLETE ACK to the target eNB.

Then the source eNB could detect it doesn’t receive a packet from the S-GW any more and informs the target eNB about next DL PDCP SN to use for data coming from the S-GW.
On the reception of HO COMPLETE ACK from the MME, the target eNB buffers packets coming from S1 and relays only packets coming from X2 into PDCP layer. After it is informed about next DL PDCP SN to use for data coming from the S-GW by the source eNB, it starts to relay packets coming from S1 into PDCP layer.
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Figure 3 Inter-eNB HO procedure in Alt. 2-1
Alt. 2-2a)   Timer based solution in the target eNB
Figure 4 shows the procedure for Alt. 2-2a).
After transmitting of the HO COMMAND to the UE, the source eNB informs the target eNB about the information on the received PDCP SDUs in PDCP SN INFO message.
During data forwarding, source eNB forwards a packet with PDCP SN.

On the reception of HO COMPLETE ACK from the MME, the target eNB sets a timer and until the timer is expired it buffers packets coming from S1 and relays only packets coming from X2 into PDCP layer.
After the timer is expired the target eNB starts to relay packets coming from S1 into PDCP layer and sends RESOURCE RELEASE to the source eNB.
On the reception of RESOURCE RELEASE, the source eNB informs the target eNB about next DL PDCP SN to use for data coming from the S-GW.
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Figure 4 Inter-eNB HO procedure in Alt. 2-2a
Alt. 2-2b)   Timer based solution in the source eNB
Figure 5 shows the procedure for Alt. 2-2b).

After transmitting of the HO COMMAND to the UE, the source eNB informs the target eNB about the information on the received PDCP SDUs in PDCP SN INFO message.
During data forwarding, source eNB forwards a packet with PDCP SN.
On the reception of HO COMPLETE ACK from the MME, the target eNB sends RESOURCE RELEASE to the source eNB and until the next DL PDCP SN to use for data coming from S-GW is received it buffers packets coming from S1 and relays only packets coming from X2 into PDCP layer.

On the reception of RESOURCE RELEASE from the target eNB, the source eNB sets a timer and until the timer is expired it forwards packets coming from S1.
After the timer is expired the source eNB could detect it doesn’t receive a packet from the S-GW any more and informs the target eNB about next DL PDCP SN to use for data coming from the S-GW.
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Figure 5 Inter-eNB HO procedure in Alt. 2-2b
2.4 Comparison
The comparison of all alternatives is summarized in the Table 1 below.
There are some advantages in Alt. 1 compared with Alt. 2.
· No need to define an additional S1-AP message other than X2-AP message for transferring PDCP SN INFO from the source eNB to the target eNB (simpler than Alt. 2-1).

· Indication of PDCP SN INFO for both UL and DL could be integrated at the HO execution phase (simpler than Alt. 2-2a and 2-2b).
The only drawback in Alt. 1 is fixed delay due to the timer exists regardless whether there is forwarding data or not. However, we think the delay is negligible for UE service reception.
· In typical normal case, it is expected that short timer, e.g. lower than several tens of milliseconds, is enough.
· It seems that the application which requires data forwarding is tolerant to the delay.
Based on the above reasons, it is proposed to select Alt. 1 as a mechanism to inform from the source eNB to the target eNB about PDCP SN INFO for both UL and DL:
· Source eNB informs the target eNB about next DL PDCP SN to allocate to a packet which does not have a PDCP SN yet from source eNB together with the information on the received PDCP SDUs during HO execution phase.
Table 1 Comparison of alternatives

	 
	Alt. 1

Next DL PDCP SN for data coming from the source eNB
	Alt. 2-1

Explicit CP signaling from the MME to the source eNB
	Alt. 2-2a
Timer based solution in the target eNB
	Alt. 2-2b
Timer based solution in the source eNB

	Pros
	· Indication of next PDCP SN for both UL and DL could be integrated.
	· Short UP delay (No need to wait for the timer expiration)
	· Resource release for the UE and PDCP SN indication could be triggered by the same timer. 
	· Resource release for the UE and PDCP SN indication could be triggered by the same timer.

	Cons
	· Fixed delay exists regardless whether there is forwarding data or not.
	· Need to define additional S1-AP message.
	· Fixed delay exists regardless whether there is forwarding data or not.
	· Fixed delay exists regardless whether there is forwarding data or not.


3 Conclusion

In this document, we discussed about possible alternatives for PDCP SN indication from the source eNB to the target eNB for inter-eNB HO.

It is proposed that the source eNB informs the target eNB about next DL PDCP SN to allocate to a packet which does not have a PDCP SN yet from the source eNB together with the information on the received PDCP SDUs during HO execution phase.
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