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1   Introduction
In RAN2 AH meeting, for inter-RAT mobility, the following agreements are captured in RAN2 TR38.804.

	3:
HO between LTE connected to NG Core and NR is supported by RAN2 specifications 

4
For HO between LTE connected to NG Core and NR, the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.

5
Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported by the specifications.  Further discussion is needed on the topic on both problem and solutions. This agreement should not restrict NR PDCP design.

6:  Source RAT should be able to configure Target RAT measurement and reporting for inter-RAT HO.  Discussion on use of measurement gaps for inter-RAT measurement should be done after intra-RAT measurement details are agreed.


This paper further discusses the details of handover between NR and LTE-5GC connected, from the perspective of, PDCP configuration, SN length change, QoS flow<->RB remapping, as well as PDCP and new QoS layer (called SDAP layer in the rest of this contribution) related operations for data forwarding.
2   Discussion
2.1   PDCP configuration during HO

RAN2 has agreed that Lossless HO between eNB and gNB connected to 5G Core should be supported, and in RAN2 #97meeting, the “Lossless HO” has been defined as “in sequence without duplication to upper layers” as follows: 
	Agreements

1 “Lossless HO”, that is, lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR. 

FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case.


Since the RRC specification of NR and LTE are different, eNB and gNB do not understand each other’s RRC message and the inter-RAT handover should be performed through a complete RRC message. However, considering the legacy HO involving full configuration, since no PDCP SDUs are retransmitted in the target eNB, data loss may happen.

Observation 1: the legacy HO involving full configuration cannot guarantee lossless HO between RAN nodes (eNB and gNB) connected to NG Core. 
To enable “in sequence without duplication to upper layers”during HO, there are two options:

Option 1: 
-
Like intra-LTE handover not involving full configuration, PDCP SN is maintained on a DRB basis and the source node informs the target node about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet for DL data.
-
The target node re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source node with PDCP SNs, which are not acknowledged by the UE in the source node.

-
The UE re-transmits in the target node all uplink PDCP SDUs starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged in the source, excluding the PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the target.
Option 2: 

-
The PDCP SN and HFN are reset in the target eNB.

-
For DL, all PDCP SDUs, starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged in the source, including the PDCP SDUs are acknowledged in source cell, are forwarded to target node by source node, and all the packets will be retransmitted in the target eNB. Source node informs the UE of the PDCP SN of the oldest PDCP SDU unacknowledged, from which UE discards all the PDCP SDU.

-
For UL, the similar way applies. Source node discards all the PDCP SDUs from the first packet which is not successfully received, and then informs UE of the PDCP SN of this packet. In target node, UE retransmit all the packets starting from the oldest packet above mentioned.
Option 2 is more complicated, since the PDCP SN should be maintained in target node. Also, the Option 2 will consume more radio resource, since some packets will be retransmitted in target node, even though they are received in target node already. 

Since the RRC specifications of NR and LTE are different, they cannot understand each other hence a complete RRC message should be used during inter-RAT handover, which is already agreed in RAN2. On the other hand, the functions of PDCP layer of NR and LTE are the same, LTE eNB connected 5GC also will have a SDAP layer and PDCP SN can be maintained even during inter-RAT handover. Therefore, we propose that RRC full configuration without PDCP SN reset is used during handover between gNB and eNB connected to 5GC, for in-sequence deliver and duplication avoidance.
Proposal 1:  In order to support lossless HO, RRC full configuration with maintenance of PDCP SN is supported during handover between a gNB and an eNB connected to 5GC. 
Based on that, there are several issues should be addressed, such as SN length change in PDCP layer. Besides, RAN2 has also agreed that whether the mapping relation between QoS flow and DRB could be change during the intra-system handover or not needs FFS. In this paper, the potential solutions for above two issues are given.
2.2   SN length change

In NR, there is discussion that PDCP should support a set of SN length, while in LTE there are several values of SN length, such as 12bit, 15bit, and 18bit.  Hence during handover between LTE and NR, UE may experience a SN length misalignment issue quite frequently. In fact, this issue also happens in LTE during intra-RAT handover, and the solution standardized is full configuration. This method works easily but it cannot guarantee the lossless data transmission during HO. Based on RRC full configuration, assuming that PDCP SN is maintained, lossless HO could be achieved for the scenario where SN length is shorter in target RAN node than in the source RAN node during HO, e.g. by the following procedure:
-
For DL data transmission, as shown in Figure 1, PDCP entity in source node shortens the SN window to match that of the target RAN node, and forwards the PDCP SDU packets which are missing in the window with a shortened SN number, and all data subsequent to the window which could be treated as fresh data, to the target node. The SN window starts from the first PDCP SN unacknowledged. Finally, the PDCP entity in target node can transmit the data in the window first, and then the fresh data. The UE discards all the data outside of the shortened window in the source cell, and performs reception normally in the target cell.
-
For UL data transmission, the PDCP entity in source node truncates the SN window, and takes the first un-received PDCP SN as the start point of the SN window. Source node forwards the PDCP SDUs received in the window, and discards all the packets outside of the window. The UE retransmits the unacknowledged PDCP SDU in the window and all the data packets outside of the window. 
-
In this procedure, the SN adaptation occurs in the source node, without any impact on target node.
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Figure1. DL PDCP window modification in handover procedure

Proposal 2: During handover between a gNB and an eNB connected to 5GC, in case of SN length misalignment, the PDCP window is truncated to align the target node SN length and the packets outside the window are treated as fresh data.
2.3   QoS flow<->DRB remapping
In New RAN, the flow based QoS is introduced. RAN2 has reached an agreement that the DRB is kept in RAN and RAN determines the mapping relation between the QoS flow and DRB based on RRM policy and network status. For handover scenario, the target node should have the flexibility to change the mapping relation between QoS flow and DRB used in the source node for the UE. For handover between NR and LTE connected to 5GC, the same principle should also apply. 
As discussed in Section 2.1, for in-sequence deliver and duplication avoidance during HO, the PDCP SN should be maintained on a DRB basis. Therefore, the DRB configuration in the source node should be kept a while until the PDCP SDU unacknowledged in source node are received successfully in the target node. Besides, there may be some PDCP SDUs not transmitted in the source node, which should also be forwarded to the target node for each DRB. For the fresh data coming over NG interface after the source node has made the handover decision, SDAP layer should buffer the packets and forward them to the target node for each session  with QoS flow ID, so that the new configuration based on new QoS mapping relation is applied and then these packets can be transmitted via the newly configured DRB. More details are discussed in [2].
To enable the above mentioned QoS flow to DRB remapping, during handover preparation phase, the source node should inform its mapping relation to the target node and if the target node decides to use a different mapping relation, the target node can also perform admission control based on the new mapping relation and notify the source node. In the handover command delivered by the source node to the UE, the RAN will provide a configuration of radio resources based on the new mapping. 

Proposal 3: QoS flow to DRB re-mapping in the target gNB/eNB should be allowed during handover between a gNB and an eNB connected to 5GC.
2.4   Data forwarding
In LTE, upon handover the source eNB establishes a GTP-U tunnel per EPS-bearer on X2 to forward all downlink PDCP SDUs that have not been acknowledged by the UE, with their SNs, to the target node. In addition, the source eNB may also forward fresh data, arriving over S1 without a PDCP SN, to the target eNB. For uplink data, the source eNB may establish a GTP-U tunnel per EPS-bearer on X2 to forward the uplink PDCP SDUs received out of sequence to the target eNB if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure. 
In order to support lossless handover between a gNB and an eNB connected to 5G Core, data forwarding between the two nodes is needed. There are two kinds of data to be forwarded: PDCP SDUs with/without PDCP SNs which are already mapped to a DRB basis and fresh data with QoS flow ID which are only associated to a session. The target node should distinguish these two kinds of data packets, i.e. transmit PDCP SDUs via the already associated DRBs and transmit the fresh data based on the new remapping relation. This data forwarding method could apply for the both scenarios involving QoS remapping or not.
Proposal 4: During handover between gNB and eNB connected to 5GC, forwarded data include two kinds of packets: PDCP SDUs with/without PDCP SNs already mapped to a DRB and fresh data only with a QoS flow ID.
3   Conclusion
Observation 1: the legacy HO involving full configuration cannot guarantee lossless HO between RAN nodes (eNB and gNB) connected to NG Core.

Proposal 1:  In order to support lossless HO, RRC full configuration with maintenance of PDCP SN is supported during handover between a gNB and an eNB connected to 5GC.
Proposal 2: During handover between a gNB and an eNB connected to 5GC, in case of SN length misalignment, the PDCP window is truncated to align the target node SN length and the packets outside the window are treated as fresh data.
Proposal 3: QoS flow to DRB re-mapping in the target gNB/eNB should be allowed during handover between a gNB and an eNB connected to 5GC.
Proposal 4: During handover between a gNB and an eNB connected to 5GC, forwarded data include two kinds of packets: PDCP SDUs with/without PDCP SNs already mapped to a DRB and fresh data only with a QoS flow ID.
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