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1	Introduction
RAN2#97 discussed the inter intra-NR hand overs and came up with the following agreement [1]. 
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. 
2	Discussion
Like in the LTE, the PDCP in NR takes care of the in-sequence delivery of the upper layer PDUs and duplicate elimination of lower layer SDUs. Therefore, easiest way to guarantee the duplicate free, in sequence – HO is preserving the PDCP SN state in HO for AM mode DRBs. The PDCP status preservation means in practise that the target gNB must use DRB configuration (including QoS flow to DRB mapping) of the source gNB for a “transition period” as proposed in [2].  
In addition, for ensuring lossless HO forwarding of data packets from a source gNB to a target gNB is needed. As explained in [1] there is two types of data subject the forwarding.
1.  “Fresh” packets from the N3 interface that has not attempted to send over radio and has not allocated a PDCP SN. 
2. Packets that has attempted to send over the radio interface and has assigned a PDCP SN by the source gNB, but has not received an acknowledgement from the receiver. 
The fundamental difference in LTE and NR QoS architecture is that in the LTE the DRB has always one to one mapping relationship with an end to end EPS-bearer, whereas a 5G RAN decides by itself what kind of DRBs are established and how to map QoS flows to DRBs, which means that in principle target gNB may have a different DRB mapping policy as the source for example due to different SW release, different HW vendor or different radio resource situation. 
Basic 5G HO
As illustrated in Figure 1 the basic 5G HO, without changes in DRB configuration and QoS flow to DRB mapping, follow quite well principles adopted already to LTE. 
A green and a blue QoS flow is mapped to the DRB 1 and red QoS flow to the DRB 2.  The source gNB has send some packets through DRBs and allocated SNs for them (black numbers) but since acknowledgements are not received packets are still stored in transmission buffers. 
In a HO target gNB establishes a same set of DRBs as source had and packets that has assigned a SN by the source are forwarded with SNs to the correspondent DRB on a target side.  The packets that has not received SN yet are also forwarded to target but for preserving in-order delivery target must not pass them to DRBs before the packets with SNs. Target gNB assigns SNs (white numbers) for the packets that did not received SNs on source side. 
The PDCP SN status need to transferred from the source gNB to the target gNB for keeping SN state in sync in a HO. 
[image: ]
Figure 1:  Basic intra-NR hand over
HO with mapping change
Figure 2 illustrates the case where the target has a different mapping policy than the source. In this example target’s policy is to map green QoS flow to DRB 2 instead of the DRB1 so the green QoS flow is remapped from DRB1 to DRB1 in a HO. 
As in the basic HO case the packets that have been assigned a SN in the source gNB are forwarded to the corresponding DRBs in the target side since the PDCP status need to be preserved for guaranteeing the lossless in-order delivery without duplicates in other works the mapping of packets that have assigned a SN by the source gNB follows the source’s mapping rule also on a target side. 
Fresh packets that didn’t receive SN from the source gNB are forwarded to the target and mapped according to target’s mapping policy i.e. the green QoS flow is mapped to DRB 2. 
In the UL the UE’s mapping rule is updated either by the RRC in the HO procedure or by the U-plane (reflective QoS ) after the HO. The packets that has assigned a SN by the UE are not moved from DRB to another when the mapping rule is changed. 
NOTE!	In order delivery in QoS flow relocation cannot be guaranteed without additional mechanisms. For example, in figure 2 it cannot be guaranteed that the green packet with black #3 is passed to upper layers by the UE before the green packet with white#3. The [3] discussed about the in-order delivery in QoS flow remapping and introduces mechanisms how in-order delivery could be preserved by the means of QoS flow specific buffering either in a transmitter or a receiver. 
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Figure 2: Intra NR HO with QoS flow to DRB mapping change. 
HO with DRB configuration change
Figure 3 illustrates more complex scenario where target do not only change the QoS flow to DRB mapping but also the DRB configuration. In this example target’s policy is to serve all QoS flows (green, blue and red) only with one DRB (DRB 3) whereas source gNB’s policy was to serve them with two DRBs (DRB 1 and DRB 2). Naturally target has defined QoS characteristics of the DRB3 to meet requirements of all QoS flows.  
For preserving the PDCP status in a HO, the mapping of packets that have assigned a SN by the source gNB follows the source’s mapping rule also on a target side, which means that the DRB configuration of the source need to be set up in the target for a transition period. Transition period in this case means the period needed for transmitting packet that received SN on a source side. 
Packets which didn’t received a SN on source side are mapped per targets mapping policy so they are forwarded to the new DRB (DRB3).  The timing for establishing the new DRB on target side is not critical. It may be established upon a HO procedure or target may establish it later after the HO procedure is completed. 

[image: ]
Figure 3:  Intra-NR HO with DRB configuration change.
Proposal 1. When “Lossless HO”, that is lossless, in sequence without duplication to upper layers, is required target side use the same DRB configuration and QoS flow to DRB mapping as the source for a transition period. 
The transition period is a period for transmitting packets that has assigned a SN by the source gNB. 
HO with DRB configuration change using full configuration.
Figure 4 illustrates the HO with full configuration. In HO with full configuration the PDCP SN state is not preserved and the target resets the sequence numbering, therefore, there is no need to retain the DRB configuration of the source gNB on a target side, instead target can map all packets according its own mapping policy. 
The HO with full configuration takes place with AM DRBs if either the UE or the target gNB is not able/willing to use the source’s DRB configuration on target gNB side however, the lossless, in sequence HO without duplicates cannot be guaranteed. Other reasons for HO with full configuration?.  
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Proposal 2. HO with full configuration shall be supported 
2	Conclusion
Proposal 1. When “Lossless HO”, that is lossless, in sequence without duplication to upper layers, is required target side use the same DRB configuration and QoS flow to DRB mapping as the source for the transition period. 
The transition period is a period for transmitting packets that has assigned a SN by the source gNB. 
Proposal 2. HO with full configuration shall be supported 
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