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Introduction
During RAN2-NR#1 and RAN2#97 the intra-system handover for NR and LTE connected to 5G-CN was discussed and the following agreements were captured. 
Agreements:
1 HO between LTE connected to NG Core and NR is supported by RAN2 specifications.
2 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.
3 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.

In addition, in RAN2-NR#1 and RAN2#97 the new user plane (UP) QoS framework for NR and LTE connected to 5G-CN was discussed and the following agreements were achieved. 
Agreements:
1     A new user plane AS protocol layer (e.g., PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:
          - QoS flow->DRB routing; 
          - QoS-flow-id marking in DL packets;
          - QoS-flow-id marking in UL packets.
2	The new protocol layer is applicable for all cases connecting to the 5G-CN
3	Single protocol entity is configured for each individual PDU session.
4    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.

Considering these agreements, in this contribution we further discuss the lossless intra-system handover for NR and LTE-5G-CN.
Lossless handover in LTE
In LTE two types of intra-RAT handover are defined, namely seamless and lossless [1, 2]. The seamless handover minimizes the interruption time during the UE mobility and it is applied for instance to the data radio bearers (DRBs) that employ RLC UM mode. The lossless handover guarantees that there are no data losses during the UE mobility and it is applied to the DRBs that employ RLC AM mode. The lossless handover can be performed either using the S1 interface (with MME involvement) or over the X2 interface (without MME involvement). The handover procedures over the S1 and X2 interfaces are very similar and it is transparent to the UE which of these procedures has been utilized by the network. 

In Fig. 1 we show the LTE lossless handover procedure using the X2 interface as an example. The source eNB proposes to the target eNB in the ‘HANDOVER REQUEST’ message to establish a GTP tunnel to operate the downlink data forwarding. If the target eNB accepts, it indicates in the ‘HANDOVER REQUEST ACK’ message the GTP tunnel endpoint where the forwarded data is expected to be received. Upon reception of the ‘HANDOVER REQUEST ACK’, the source eNB sends the handover trigger to the UE over the radio interface and starts forwarding to the target eNB: 
(1) the downlink packets which it has PDCP processed but are still buffered locally because they have not yet been delivered and acknowledged by the UE;    
(2) the new incoming packets on the source S1 interface. 
Afterwards, the source eNB sends the ‘STATUS TRANSFER’ message that contains the PDCP sequence number (SN) and hyper frame number (HFN) and freezes its transmitter/receiver status (i.e., it stops assigning PDCP SNs to downlink packets and stops delivering uplink packets to the EPC). The target eNB can then transmit data toward the UE starting from the first PDCP-PDU that has not been previously acknowledged. This ensures that no data have been lost during the UE mobility. 
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Figure 1. LTE intra-RAT lossless handover over X2.
The lossless intra-system handover between NR and LTE-5G-CN (using NG/Xn) should be similar to the lossless intra-RAT handover in LTE (using S1/X2).  
Proposal 1	The LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces.
Discussion
As an example of intra-system handover, in this paragraph we analyse how the lossless inter-RAT handover between an NR and an LTE-5G-CN node can be performed using the Xn interface. The same procedure can also be applied between NR nodes and between LTE-5G-CN nodes.  
The proposed procedure is shown in Fig. 2. The mobility from a source NR node to a target LTE-5G-CN node is taken as an example. The source NR node sends an ‘HANDOVER REQUEST’ and asks the target LTE-5G-CN node to establish a GTP tunnel to operate the downlink data forwarding. If the target LTE-5G-CN node accepts, it indicates in the ‘HANDOVER REQUEST ACK’ message the GTP tunnel endpoint where the data should be forwarded. The target node will also generate an RRC handover message which will be sent transparently to the UE via the source node (i.e., HO command). Access information (e.g., RACH configuration) for the target cell is provided in the HO command to enable the UE to access the target cell without reading system information. Access information may include beam-specific information (if any). The handover message to the UE will be a full RRC message (as agreed in RAN2-NR#1), but we assume that the UE will not clear the PDCP machines, at least for the DRBs that use RLC AM mode and that require a lossless handover. Afterwards, the NR node sends the ‘STATUS TRANSFER’ containing the PDCP SN and HFN and freezes its transmitter/receiver status.
Proposal 2	The  handover command is a full RRC message, but we assume that the UE will not clear the PDCP state (e.g., the UE will not reset sequence number) when moving between NR and LTE-5G-CN to ensure a lossless handover.

A new QoS framework for NR and LTE connected to 5G-CN is currently being discussed in SA2 [3]. The new QoS framework relies on a two-level mapping, first level between SDF-flows to QoS-flows and second level between QoS-flows to DRBs. In [4] we propose that the RAN should keep track of how long each QoS-flow has been inactive (i.e., how long there was no data transmission associated to the flow). The RAN can use this information to remove old QoS-flows and/or remove their mapping to DRBs. Therefore, in the intra-system handover between NR and/or LTE nodes the ‘HANDOVER REQUEST’ message should be extended with a new information element (IE) in which the source node can inform the target node about: (1) the active QoS-flows, (2) the mapping between QoS-flows and DRBs, and (3) how long QoS-flows have been inactive. The new IE can be part of either the RRC or the Xn-AP specifications. The target node should then use the QoS-flows to DRBs mapping suggested by the source node, unless there is a situation for which a remapping is necessary. If a remapping is necessary, the new mapping could be sent to the UE in the HO command (i.e., the ‘RRCConnectionReconfiguration’ message which is sent by the target node to the UE via the source node). In this case, it could be possible that a few packets are received out of order, but we expect that the number of affected packets will be very small, so that the transport layer throughput would not be significantly affected and optimized solutions for addressing this problem are probably not needed. In the example in Fig. 2 the source NR node sends the ‘HANDOVER REQUEST’ message extended with the IE for QoS mapping to the source LTE-5G-CN node. The LTE-5G-CN node uses the info in the new IE to configure the new AS protocol layer (e.g., PDAP) on how to perform the mapping between QoS-flows and DRBs.  
Proposal 3	The ‘HANDOVER REQUEST’ message should be extended with information to allow the source node (e.g., NR) to inform the target node (e.g., LTE-5G-CN) on how to map QoS-flows to DRBs. The new information element should include: (1) the QoS-flows, (2) the mapping between QoS-flows and DRBs and (3) how long the QoS-flows have been inactive. The target node should, if possible, use the QoS mapping provided by the source node.

In the target node, in the UL direction the UE should, if possible, use the same QoS-flows to DRBs mapping used in the source node. This is highly beneficial in the case that the UE employs the reflective QoS feature, so that the UE does not need to re-evaluate the QoS-flows to DRBs mapping at every inter-RAT handover. However, there might be cases in which a remapping is necessary. In this cases, the target node should be able to send the new QoS mapping to the UE in the handover command (i.e., in the RRC message generated by the target node and forwarded transparently to the UE by the source node). Again, in this case it is possible that some packets are received out of order, but we believe that the impact on the throughput will be small, so that optimized solutions for solving this problem are not needed.
Proposal 4	Once connected to the target node, in UL the UE should, if possible, use the same QoS-flows to DRBs mapping used in the source node. 
 
In the scenario described above, it is possible that the 5GC network sends QoS-related signalling to the source node (e.g., asking to remove some QoS flows) while the handover is in progress (i.e., after the source node has sent the ‘HANDOVER REQUEST’ message to the target node). In this case, the source node should ignore the QoS-related signalling and inform the 5G-CN that there is a handover in progress. This is similar to how it works in LTE today if the CN triggers NAS or S1 signaling during handover.
Proposal 5	In case that 5G-CN sends QoS-related signalling to the source node while the handover is in progress, the source node should ingore the QoS-related singalling and inform the 5G-CN that a handover is in progress. 

It is worth noting that there might be cases in which the source and target node support different PDCP SN length. In the case that the target node supports a SN value lower than the one configured by the source node, the handover might introduce losses. To handle this case, the approaches in [5] can be utilized.
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Figure 2. Inter-RAT lossless handover between NR and LTE-5GC over Xn.
Conclusion
In this contribution we analysed the lossless inter-RAT handover between NR and LTE-5GC. Based on our analysis we have the following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1	The LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces.
Proposal 2	The  handover command is a full RRC message, but we assume that the UE will not clear the PDCP state (e.g., the UE will not reset sequence number) when moving between NR and LTE-5G-CN to ensure a lossless handover.
Proposal 3	The ‘HANDOVER REQUEST’ message should be extended with information to allow the source node (e.g., NR) to inform the target node (e.g., LTE-5G-CN) on how to map QoS-flows to DRBs. The new information element should include: (1) the QoS-flows, (2) the mapping between QoS-flows and DRBs and (3) how long the QoS-flows have been inactive. The target node should, if possible, use the QoS mapping provided by the source node.
Proposal 4	Once connected to the target node, in UL the UE should, if possible, use the same QoS-flows to DRBs mapping used in the source node. 
Proposal 5	In case that 5G-CN sends QoS-related signalling to the source node while the handover is in progress, the source node should ingore the QoS-related singalling and inform the 5G-CN that a handover is in progress. 
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