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1. Introduction
During X2 inter-eNB HO the following steps occur as specified in [1]: 
The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. The source eNB may omit sending this message if none of the E-RABs of the UE shall be treated with PDCP status preservation.
And further from [1]. 

-
During HO preparation U-plane tunnels can be established between the source eNB and the target eNB. There is one tunnel established for uplink data forwarding and another one for downlink data forwarding for each E-RAB for which data forwarding is applied.

-
During HO execution, user data can be forwarded from the source eNB to the target eNB. The forwarding may take place in a service and deployment dependent and implementation specific way.

-
Forwarding of downlink user data from the source to the target eNB should take place in order as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied.
-
During HO completion:

-
The target eNB sends a PATH SWITCH message to MME to inform that the UE has gained access and MME sends a USER PLANE UPDATE REQUEST message to the Serving Gateway, the U-plane path is switched by the Serving Gateway from the source eNB to the target eNB.
-
The source eNB should continue forwarding of U-plane data as long as packets are received at the source eNB from the Serving Gateway or the source eNB buffer has not been emptied.
A similar procedure applies to eNB STATUS TRANSFER msg via the S1 interface. The following figure 10.1.2.1.1-1 from [1] describes the procedure. 
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Figure.1

Further during handover, the target eNB may receive two types of data from the source eNB per clause 10.1.2.3.1 of [1]:

Upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.
For convenience, we call the first type data with PDCP SNs as Type 1 and call the second type data those without PDCP SNs as Type 2. Type 1 data has already been assigned PDCP SN in the Source eNB per clause 10.1.2.3.1 of [1]:
The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB shall use the PDCP SN if it is available in the forwarded GTP-U packet
An issue is the Type 1’s PDCP SN at the Target eNB is specified in TS36.300, but the HFN is not.
Type 2 data is fresh data without a PDCP SN and HFN. The target eNB can obtain the PDCP SN and HFN from the SN STATUS TRANSFER message which contains the DL COUNT Value. The DL COUNT Value is explained as PDCP-SN and Hyper frame number that the target eNB should assign for the next DL SDU not having an SN yet. The target eNB will assign SN and HFN to the Type 2 data according to DL COUNT Value.

The target eNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source eNB (i.e. the target eNB should send data with PDCP SNs from X2 before sending data from S1), with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE.

2. Issue 1 (Unnecessary complexity and delay)
Note packet data is shown in Figure 1 as being sent from the target eNB to the UE even though the End Marker which is sent at step 14 has not been received. Sending packet data to the UE as given in the figure above after step 11 might be valid, for example in a case where there is a single hop between eNBs and where it can be assumed data is always delivered in-order, but given PDCP is required to send data in-order and given it is not unusual but rather expected for there to be multiple L2 switch hops between eNBs, then the packets that are forwarded from the source could reach the target eNB out-of-order. In fact there may even be multiple L3 hops (switch or router) between eNBs. Given multiple hops, the target eNB then has to determine some reliable means to ensure that the first packet has already been received (e.g. wait for the End Marker, i.e. after step 14 in the Figure) before it can start processing the forwarded data in order to comply with in-order delivery, since the SN/eNB STATUS TRANSFER messages do not indicate the PDCP SN of the first DL SDU that is being forwarded from the source eNB and given there could be multiple hops involved.
The End Marker is sent by the SGW (Serving Gateway) for each E-RAB upon it receiving the Path Switch Request msg from the target eNB for the inter eNB case. It is possible the End Marker is never received since it is sent via UDP as UDP is not reliable. Further in the case of SGW’s being switched, the End Marker will not be received as in this case the PDN Gateway would need to send it which the PDN Gateway is not currently specified to do. Thus having the target eNB perform reordering based on receiving the End Marker is not reliable (besides causing delay in reordering and the eNB sending the packet data, even assuming the Serving Gateway sends the End Marker with high priority). 
Determining the needed wait time for reordering at the target eNB adds complexity, besides causing added delay in Layer 2 and Layer 1 protocol processing and transmission of packets over the air to the UE. Such delays might also cause the DL data to become stale (or too old) which might violate its QOS based delay budget and result in data discard. 
3.  Issue 2 (HFN Assignment)

According to the reference text of the protocol described in the Introduction in section 1, the way to get HFN for Type 2 data is clear, but setting the Type 1 data’s HFN could be a problem. In addition, HFN of Type 1 data is not always equal to the corresponding value contained in DL COUNT Value in SN Status Transfer. If we use the HFN value in SN Status Transfer as Type1 data’s HFN directly, it may cause the following problem. 

During handover, some data packets will stay in source eNB’s PDCP buffer. These data packets have already been processed by PDCP but have not been acknowledged by the UE yet. And these data packets need to be forwarded to the target eNB. In order to describe the scenario clearly, assume that there are 5 data packets in PDCP buffer, and their SN and HFN are shown in figure2：
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Figure.2
Meanwhile, the SN STATUS TRANSFER message will transfer the SN/HFN contained in DL COUNT Value IE which is the SN/HFN to be assigned for the next DL SDU, i.e. SN = 3, HFN = 2. 
As shown in following figure 3, the first forwarded packet that  arrives in target eNB is:
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Figure.3
This packet’s SN is carried in the GTP-U extension header, i.e. SN = 4094. It’s wrong to use the HFN in Message SN STATUS TRANSFER as the first arriving packet’s HFN, that is, assigning 2 as the first arriving packet’s HFN will be incorrect, because of SN wrap around.
If there is PDCP SN wrap around occurrence between the forwarded PDCP SDUs and the DL COUNT value that the target eNB should assign for the next DL SDU not having an SN, the target eNB may not reliably know the HFN of the first forwarded PDCP SDU. The current specification only mentions that the SNs of the forwarded PDCP SDUs are carried in the "PDCP PDU number" field of the GTP-U extension header. Target eNB would have to infer the HFN of the first forwarded PDCP SDU from its SN and the current DL COUNT value IE, but there are no statements addressing this situation in the current specification.
4. Proposed Solution
It has been shown why delays currently occur in processing the initial data on handover since it is buffered from the time of forwarding after the Handover Request Ack (step 6 in Fig) till the target eNB determines somehow the first packet has been received, e.g. receives the End Marker from the Serving Gateway upon the gateway receiving the User Plane update request message (step 13 in Fig 1). Jitter may still then need to be taken into account. If End Markers are not received, chances of packets at the target eNB becoming staler are higher (poor backhaul utilization), but there is always unnecessary delay and complexity in determining when processing should begin. 
The delays discussed in the previous section can be minimized and the PDCP SN wrap around issue also easily solved if simply another IE is added in the SN/eNB STATUS TRANSFER messages to indicate the first DL PDCP SN and its corresponding HFN that the source eNB is going to forward. This information is readily available at the source eNB. With this information the target eNB can begin processing when it receives the first DL SDU and thus minimize delays and possible loss of data as previously described while also reliably being able to assign the proper HFN. 
5. Summary and proposal
An additional count value IE type which is named “First Forwarded DL COUNT value” is added for E-RAB’s subject to status transfer to the SN STATUS TRANSFER messages to indicate the first DL PDCP SN forwarded. 
Proposal: Add an optional field (First Forwarded DL COUNT value) in the eNB STATUS TRANSFER message and SN STATUS TRANSFER message to indicate the first DL PDCP SN and its corresponding HFN that the source eNB is going to forward.
CRs [2][3] have already been written in case this proposal is accepted. 
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