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1 Introduction
The decision to move PDCP termination from the core network to the eNB means that the user-plane solution at inter-eNB handover has to be revisited. The present contribution captures our preferred solution.   
For simplicity reasons, we have argued in favour of cumulative forwarding (DL) and cumulative re-transmissions (UL) at inter-eNB handover ‎[1], ‎[2]. However, some companies in RAN2 have expressed concern that this cumulative approach may result in a waste of air interface resources as some data units may occasionally be transmitted twice. The main alternative to this cumulative approach is based on selective forwarding and re-transmissions, where in-sequence delivery is provided by the receiving peers. 

In this contribution, we are suggesting a way forward for user-plane handing at inter-eNB handover, such that selective re-transmissions can be supported with minimal excess in complexity. We propose that RAN2 agrees on this compromise as captured in the conclusions.   
2 Discussion 
A particularly simple way to provide in-sequence, lossless and duplicate free delivery at handover is to use cumulative re-transmissions and forwarding. In this cumulative approach, any data units received out-of-sequence prior to the handover are discarded and re-transmitted after the handover. This approach means that no receiver re-ordering due to the handover is typically needed and L2 protocols could be re-set. 

Selective re-transmissions and forwarding means that only missing data units are re-transmitted after the handover. In-sequence delivery must be provided by the receiving entities (through a re-ordering function) and a sequence number that is not re-set for the re-transmissions is needed for that purpose. Selective re-transmissions can be claimed to be more resource efficient. However, the support for selective re-transmissions means that some additional functionality is required from L2. Below, we provide a set of proposals by which selective re-transmissions could be supported in eUTRAN. 
2.1 Sequence number support for selective re-transmissions
By the recent ciphering placement agreement, the PDCP protocol will include a sequence number. Selective re-transmissions after handover require that outstanding data units are re-sent with the same SN for re-ordering and in-sequence delivery. In order to facilitate selective re-transmissions, we therefore propose that the PDCP SN of outstanding data units shall be maintained during inter eNB handover.
Proposal 1: At inter-eNB handover, the PDCP SN used at Source eNB of outstanding data-units shall be re-used for re-transmissions at Target eNB. 

2.2 Forwarded data unit
For simplicity reasons, it is beneficial that ciphering and header compression is re-started in the target eNB at the handover event. Forwarding of SDUs from Source to Target means that all PDCP PDUs transmitted from the Target to the UE  can be encrypted with the same key, i.e. there is no need to transmit PDUs from the target that have been ciphered in the Source. This implies a simple deciphering mechanism in the UE. 
We therefore suggest that PDCP SDUs are forwarded. 

The re-ordering and duplicate detection of selectively re-transmitted SDUs need the PDCP sequence number as input. Thus, forwarded SDUs must have an associated PDCP SN attached when forwarded.
Proposal 2: PDCP SDUs forwarded from the Source to the Target shall be associated with a PDCP SN.

2.3 On status reporting 
The ARQ state between the Source eNB and the UE at the time of handover might not be perfectly synchronized, meaning that the Source may forward DL data units that have already been successfully received by the UE. Similarly for the uplink, it means that the UE may send data units to the target that have already been received (but not yet acknowledged) by the Source. 

Such unnecessary re-transmissions to and from the Target can be avoided either by 

1. A reliable status exchange between  the Source and the UE prior to the handover such that only missing SDUs are re-transmitted between the Target and the UE,  

2. Updated status reporting between the UE and the Target. 

Since RLC is expected to include Status reporting, the first approach is available without additional specification support. However, the first approach results in an additional interruption in the user-plane transfer, since the ARQ states cannot be altered after the Status exchange without creating new uncertainty of which data-units to re-transmit.  

The second approach has some attractive properties, since it means that the user-plane transmission can be continuous until the handover, and the requests for missing data units is performed between the UE and Target. Selective re-transmissions to and from the Target can then be based on an updated Status report, such that only SDUs missing from the receiver end  are re-transmitted. 
For the downlink case and without any such updated Status report, the Target has to transmit all forwarded data potentially leading to duplicate transmissions and possible waste of air interface resources. Similarly, without such reporting from Target, the UE may re-transmit duplicated data units to the Target that have already been delivered over the S1 interface.
Note: In case PDCP and RLC use the same sequence numbers ‎[3], regular RLC status reporting can be used for the status interchange between the UE and Target after handover. 
2.4 Specific issues related to downlink user-plane handling 
Support for selective re-transmission of outstanding data-units means that the in-sequence delivery through duplicate detection and re-ordering at times of handover must be provided by the UE. 
Proposal 3: Re-ordering and duplicate detection at handover based on the PDCP SN shall be supported by the UE.
2.5 Specific issues related to uplink user-plane handling  

With cumulative re-transmissions to the Target, both the Source eNB and Target eNB can support in-sequence delivery over S1 without any re-ordering related to the handover event. For the uplink, cumulative retransmissions are therefore particularly attractive. 

However, in order to meet the concern expressed in RAN2 related to the potential in-efficiency of cumulative re-transmissions to Target, we propose that selective re-transmissions to the Target could be supported. Maintaining in-sequence delivery over S1 then means that PDCP SDUs received out of sequence in the Source need to be forwarded to the Target. As noted in Section ‎2.2, to facilitate re-ordering in the Target, the forwarded SDUs must be associated with a PDCP SN, such that Target can re-order received SDUs. 

Proposal 4: At handover, Source eNB may forward PDCP SDUs received out-of-sequence to the Target eNB. 

As described in Section ‎2.3, an updated Status exchange between the UE and Target is desirable to avoid any duplicate transmission of data units already delivered over the Source S1 interface. To facilitate such reporting, Source has to inform Target of the Source receiver state prior to the handover.
Proposal 5: At handover, an updated receiver state of successfully received PDCP SDUs is transmitted from the Source to Target.   
2.6 Illustration of the DL proposal

The proposed downlink user-plane handling is shown in Figure 1. At handover, the Source eNB forwards PDCP SDUs that have not yet been acknowledged by the UE. In the example, there is a mismatch between the receiver and transmitter ARQ status. This means that SDU “4” is forwarded to target, though it has already been received and delivered to upper layers by the UE. 
Note that the forwarding process can be made conservative, since the UE will request for re-transmissions in the Target. In the example, the UE may acknowledge SDUs “4” and “6” resulting in a selective retransmission of SDU “5”. The lack of a status report in the Target could result in unnecessary transmissions (SDU “4” in the example) that would be discarded by the duplicate detection functionality in the UE. 
From an air-interface efficiency perspective, it does not matter if additional SDUs are forwarded (e.g. “6” – showed with dashed lines on the X2 interface).  Of course, the X2 load benefits if the forwarding process is based on a rather recent Status report in the Source eNB.  
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Figure 1: Illustration of our suggested DL user-plane solution for inter eNB mobility support. Forwarded PDCP SDUs are appended with the PDCP SN. PDCP SDUs on the S1 interfaces have no continuous SN and are therefore indicated with a letter.   The illustration shows a snapshot of the ARQ state in the transmitter and receiver.  Unacknowledged or missing RLC PDUs are marked with red colour. 
2.7 Illustration of the uplink proposal

The proposed uplink user-plane handling is shown in Figure 2.  The Source eNB delivers in-sequence over the S1 interface. At handover, Source may forward PDCP SDUs received out-of-sequence to Target. Those SDUs should be appended with a PDCP SN. The Target eNB may then re-order and detect duplicates based on the continuous PDCP sequence number, such that the Target delivers in-sequence over the S1 interface. 
The example below also includes the case when the ARQ state in the UE has not been updated exactly before the handover event. In the example, Source has already delivered SDU “3” over the S1 interface, while the UE still considers “3” being un-acknowledged. An updated receiver report from Source to Target is therefore sent to avoid that “3” is also delivered from Target. The Target may then selectively request the UE to re-transmit missing data units.  

If forwarding is used, the source receiver report may include an acknowledgement of SDU “5”. Otherwise, the UE should re-transmit all PDCP SDUs in its ARQ window, such that Target can provide in-sequence delivery over the S1 interface. 
For the uplink, the present forwarding and selective re-transmission solution can be perceived as an optional enhancement to cumulative re-transmissions to avoid duplicate transmissions over the air. If no forwarding is used, the Target will request for cumulative re-transmissions of data units in the ARQ window. 
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Figure 2: Illustration of the suggested UL user-plane solution for inter eNB mobility. PDCP SDUs are indicated with a number. The same number is indicated for PDCP SDUs on the S1 interfaces, though they are not numbered on S1 in reality. The illustration shows a snapshot of the ARQ state in the transmitter and receiver.  Unacknowledged or missing RLC PDUs are marked with red colour.
3 Conclusion

Cumulative re-transmissions provide a simple and straightforward way of achieving lossless in-sequence delivery. However, concern has been expressed that the cumulative approach may not provide good enough performance compared to the so-called selective approach.  

The present contribution provides a set of proposals for how facilitate selective re-transmissions after handover, such that low interruption times, in-sequence delivery without duplicates and without losses can be supported. 

We suggest that RAN2 agrees on the following proposals that facilitate selective re-transmissions after handover. The proposals are also captured in the text proposal to 36.300 below: 

Proposal 1: At inter-eNB handover, the PDCP SN used at Source eNB of outstanding data-units shall be re-used for re-transmissions at Target eNB.

Proposal 2: PDCP SDUs forwarded from the Source to the Target shall be associated with a PDCP SN.

Proposal 3: Re-ordering and duplicate detection at handover based on the PDCP SN shall be supported by the UE.

Proposal 4: At handover, Source eNB may forward PDCP SDUs received out-of-sequence to the Target eNB. 
Proposal 5: At handover, an updated receiver state of successfully received PDCP SDUs is transmitted from the Source to Target. 

------------------------------------------< Text proposal >------------------------------------------------------------------- 

6.3
PDCP Sublayer
[…]
6.3.1
Services and Functions

 […]
-
In-sequence delivery of upper layer PDUs ;

[…]

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink PDCP  SDUs that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The forwarded SDUs are appended with the PDCP sequence number, such that transmitted but unacknowledged data units can be re-transmitted from target eNB with the same sequence number. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 

Re-ordering of downlink RLC SDUs during handover is provided by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility. 

Upon handover, the source eNB may forward uplink PDCP SDUs received out of sequence to the target eNB. Source eNB discards any remaining uplink RLC PDUs. The UE re-transmits the uplink PDCP SDUs that have not been acknowledged by the source eNB. Target eNB may provide an updated request for re-transmissions to the UE based on a receiver report sent from source eNB to target eNB.   If needed, the uplink target eNB PDCP may support re-ordering of uplink RLC SDUs during handover (operator control).
------------------------------------------< Text proposal >------------------------------------------------------------------- 
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