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1. Introduction
According to the Rel-16 new WID as described in RP-182886 [1], RAN3 is tasked to specify direct data forwarding mechanism such as:

“Enable direct data forwarding per bearer, (other solutions are not precluded if justified) during inter-system mobility between NG-RAN and E-UTRAN (where direct connectivity between source and target nodes exists), in addition to the existing solution for indirect data forwarding.
· Define solution in stage 2, including e.g. bearer ID mapping, QoS handling, end marker handling, etc.

· Define solution in stage 3, if needed, e.g. in NGAP

Address interoperability issues, if any.”
In this contribution, we shall further discuss those issues and provide our views regarding potential solutions.

2. Discussion

4G E-UTRA is based on EPS bearer/E-RAB and 5G NG-RAN is based on IP Packet Flow/PDU Session (QoS Flow).

In Rel-15 with existing indirect data forwarding mechanism, the mapping between EPS bearer/E-RAB and IP Packet Flow/PDU Session (QoS Flow) is done mainly in UPF/SGW. In Rel-16 with the pursuing direct data forwarding mechanism, the exact mapping between EPS bearer/E-RAB and IP Packet Flow/PDU Session (QoS Flow) is supposed to be known by NG-RAN ahead from 5GC, so e.g. the target NG-RAN node (4G->5G) can even perform the “E-RAB/QoS Flow to DRB mapping” even for the forwarded data in addition to the fresh data later, however, such “one step” method may not be necessary as we shall discuss below.

For 4G -> 5G, from the source eNB perspective, the target NG-RAN node if supported can behave like “Pseudo-eNB” (for ng-eNB case) or “Pseudo-en-gNB” (for gNB case), so E-RAB level DF tunnel can be setup per E-RAB for source eNB. Note: it is quite undesirable to introduce PDU Session level tunnel for eNB, or let source eNB adapt to target NG-RAN node, so as to minimize the impacts on eNB.
For 5G -> 4G, from the source NG-RAN node perspective, the target eNB always behaves as real eNB, so the source NG-RAN node if supported can adapt itself to be “Pseudo-eNB” or “Pseudo-en-gNB” as above, so either direct E-RAB level DF tunnel can be setup for all associated QoS Flows mapped by UPF, i.e. to forward SDAP SDU, or direct DRB level DF tunnel can be setup for all associated QoS Flows mapped by SDAP, i.e. to forward PDCP SDU.

Proposal 1: To minimize the impacts on eNB, the direct data forwarding tunnel between 4G and 5G should be either E-RAB or DRB level tunnel, but not PDU Session level tunnel, i.e. to forward only SDAP SDUs or PDCP SDUs but not QoS Flow packets with QFI.

Proposal 1bis: The direct data forwarding tunnel between 4G and 5G does not imply any standardized logic interface instance between eNB and NG-RAN node, e.g. X2 or Xn, but only direct connectivity for data forwarding purpose.

For 4G -> 5G, since the target NG-RAN node can behave like “Pseudo-eNB” or “Pseudo-en-gNB”, hence the mapping by the target SDAP can be voided as much as possible for all forwarded PDCP SDUs. There is actually no need for target SDAP to perform “E-RAB/QoS Flow to DRB mapping” for all forwarded data, as the target NG-RAN node can either inherit the “old E-RAB to DRB 1:1 mapping” like intra-4G HO case or adopt default DRB, which can be achieved with NG-RAN implementation. 

Similarly, for 5G -> 4G, since the source NG-RAN node needs to adapt itself to be “Pseudo-eNB” or “Pseudo-en-gNB”, all to be forwarded QoS Flow packets must be mapped into either PDCP SDUs or SDAP SDUs, i.e. w./w.o. source SDAP mapping, and then forwarded over DRB or E-RAB level tunnel, the target eNB shall either inherit the “old DRB set configuration” like intra-4G HO case or adopt default DRB, which can be achieved with eNB implementation.

Observation 1: Once direct data forwarding is chosen, for 4G -> 5G, the target SDAP mapping can be quasi-voided for all forwarded PDCP SDUs over E-RAB tunnel; for 5G -> 4G, the source SDAP needs to take away QFI info of QoS Flows packets and map them into SDAP SDUs over direct E-RAB tunnel, or source SDAP mapping may be performed for all to be forwarded QoS Flows packets, map them into PDCP SDUs over direct DRB tunnel.

For 4G -> 5G, after the target NG-RAN node transmits all forwarded data acting as “Pseudo-eNB” or “Pseudo-en-gNB” to UE, it shall switch back to normal 5G mode again, and the local SDAP handling will be performed normally again for fresh QoS Flow packets over NG-U, consequently there will be RRC reconfiguration to UE for DRB set reconfiguration due to SDAP remapping.
For 5G -> 4G, after the target eNB transmits all forwarded data to UE, it is still real eNB, but it is also possible for the target eNB to perform RRC reconfiguration to UE for DRB set reconfiguration.

Observation 2: After direct data forwarding is finished, for 4G -> 5G, the target NG-RAN node shall switch back to 5G NG-RAN mode, and shall reconfigure UE from 4G to 5G mode; for 5G -> 4G, the target eNB may also reconfigure UE inside 4G mode with updated DRB set.
As further improvement, packet loss is supposed to be minimized for inter-system HO:

For 4G -> 5G, the target NG-RAN node needs to know to which PDU Session/QoS Flow id the DL end marker over direct E-RAB tunnel is associated. E.g. the source EPS/E-RAB bearer x may be mapped to PDU Session/QoS Flow y by UPF later, hence only when the target NG-RAN node receives the DL end marker with EPS/E-RAB bearer x, it shall start transmitting DL fresh packets with PDU Session/QoS Flow y, otherwise DL out of order and more packet loss may occur.
For 5G -> 4G, the target eNB needs to know to which EPS/E-RAB bearer the DL end marker over direct E-RAB or DRB tunnel for certain PDU Session/QoS Flow id is associated. E.g. the source PDU Session/QoS Flow y may be remapped to EPS/E-RAB bearer x by SGW, hence only when the target eNB receives the DL end marker with PDU Session/QoS Flow y, it shall start transmitting DL fresh packets with EPS/E-RAB bearer x, otherwise DL out of order and more packet loss may occur.

Observation 3: As improvement to minimize packet loss, for 4G -> 5G, the target NG-RAN node needs to know to which PDU Session/QoS Flow id the DL end marker over direct E-RAB tunnel is associated. For 5G -> 4G, the target eNB needs to know to which EPS/E-RAB bearer the DL end marker over E-RAB or DRB tunnel for certain PDU Session/QoS Flow id is associated.

With above general ideas, the method for 4G -> 5G direct data forwarding can be illustrated in Figure 1 below:
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Figure 1: 4G -> 5G Direct Data Forwarding over E-RAB tunnel
1: SGW sends PDCP SDU over E-RAB Tunnel x in S1-U;

2: Before HO, source eNB sends PDCP SDU over DRBx in the source Uu.

3: During direct data forwarding, source eNB sends PDCP SDU over direct E-RAB Tunnel x.

4: Target NG-RAN node, e.g. gNB plays the role of “Pseudo-en-gNB” temporarily, and sends the forwarded PDCP SDU over (default) DRBx in the target Uu until receiving the DL end marker over direct E-RAB Tunnel x.

5: UPF sends fresh packet of QoS Flow y (E-RAB x is mapped to QoS Flow y by UPF) over PDU Session Tunnel y in NG-U;

6: Target NG-RAN node, e.g. gNB switches back to 5G mode and performs the SDAP mapping, and sends fresh PDCP SDU over new DRBy in the target Uu.

Note: Between 4 and 6, target NG-RAN node needs to reconfigure UE from 4G mode to 5G mode for updated DRB set.
The above method for 5G -> 4G direct data forwarding can be illustrated in Figure 2 below:
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Figure 2: 5G -> 4G Direct Data Forwarding over E-RAB or DRB tunnel
1: UPF sends packet of QoS Flow x over PDU Session Tunnel x in NG-U;

2: Before HO, source NG-RAN node performs the SDAP local mapping and sends PDCP SDU over DRBx in the source Uu.

3: During direct data forwarding, source NG-RAN node either sends SDAP SDU (taking away QFI info) over pre-mapped direct E-RAB tunnel x or continues performing the SDAP local mapping and sending PDCP SDU over direct DRB Tunnel x.

4: Target eNB sends the forwarded PDCP SDU over (default) DRBx in the target Uu.

5: SGW sends fresh data of E-RAB y (QoS Flow x is mapped to E-RAB y by SGW) over E-RAB Tunnel y in S1-U;

6: Target eNB sends fresh PDCP SDU over new DRBy in the target Uu.

Note: Between 4 and 6, target eNB may reconfigure UE for updated DRB set.
Proposal 2: To consider and adopt above “two step” method for direct data forwarding between 4G and 5G.
Regarding the issue of bearer ID mapping, for 4G -> 5G, for all forwarded data, the target “Pseudo-eNB” or “Pseudo-en-gNB” shall firstly perform 1:1 bearer ID mapping in the same way as intra-4G HO case; for the fresh data later, UPF shall perform mapping from E-RAB x to PDU Session (QoS Flow) y in the same way as how Rel-15 does.
For 5G -> 4G, since the source NG-RAN node has already adapted to the target eNB, for all forwarded data, the target eNB shall firstly perform 1:1 bearer ID mapping in the same way as intra-4G HO case; for the fresh data, SGW shall perform mapping from PDU Session (QoS Flow) x to E-RAB y in the same way as how Rel-15 does. For whichever case, the bearer ID space limitation for 4G and 5G shall always be respected and can be implemented properly.
Observation 4: The bearer ID mapping issue does not incur any new standardization requirement/complexity with above proposed method.
Regarding the issue of QoS handling, for 4G -> 5G, for all forwarded data, the target “Pseudo-eNB” or “Pseudo-en-gNB” shall firstly perform E-RAB based QoS handling in the same way as intra-4G HO case; for the fresh data later, the target NG-RAN node shall perform PDU Session (QoS Flow) based QoS handling in the same way as how Rel-15 does. For 5G -> 4G, the target eNB shall always perform E-RAB based QoS handling in the same way as intra-4G HO case. There is no extra standardization work.

Observation 5: The QoS handling issue does not incur any new standardization requirement/complexity with above proposed method.
Regarding the issue of end marker, since only E-RAB or DRB tunnel is involved for direct data forwarding, then Per E-RAB or DRB tunnel DL end marker as already supported by GTP-U today is sufficient. For the UL end marker, RAN2 has also introduced SDAP control PDU for that purpose, hence no extra standardization work as well.

Observation 6: The end marker issue does not incur any new standardization requirement/complexity with above proposed method.
3. Conclusion
RAN3 is kindly asked to consider following observations and proposals:

Observation 1: Once direct data forwarding is chosen, for 4G -> 5G, the target SDAP mapping can be quasi-voided for all forwarded PDCP SDUs over E-RAB tunnel; for 5G -> 4G, the source SDAP needs to take away QFI info of QoS Flows packets and map them into SDAP SDUs over direct E-RAB tunnel, or source SDAP mapping may be performed for all to be forwarded QoS Flows packets, map them into PDCP SDUs over direct DRB tunnel.

Observation 2: After direct data forwarding is finished, for 4G -> 5G, the target NG-RAN node shall switch back to 5G NG-RAN mode, and shall reconfigure UE from 4G to 5G mode; for 5G -> 4G, the target eNB may also reconfigure UE inside 4G mode with updated DRB set.
Observation 3: As improvement to minimize packet loss, for 4G -> 5G, the target NG-RAN node needs to know to which PDU Session/QoS Flow id the DL end marker over direct E-RAB tunnel is associated. For 5G -> 4G, the target eNB needs to know to which EPS/E-RAB bearer the DL end marker over E-RAB or DRB tunnel for certain PDU Session/QoS Flow id is associated.

Observation 4: The bearer ID mapping issue does not incur any new standardization requirement/complexity with above proposed method.
Observation 5: The QoS handling issue does not incur any new standardization requirement/complexity with above proposed method.
Observation 6: The end marker issue does not incur any new standardization requirement/complexity with above proposed method.
Proposal 1: To minimize the impacts on eNB, the direct data forwarding tunnel between 4G and 5G should be either E-RAB or DRB level tunnel, but not PDU Session level tunnel, i.e. to forward only SDAP SDUs or PDCP SDUs but not QoS Flow packets with QFI.

Proposal 1bis: The direct data forwarding tunnel between 4G and 5G does not imply any standardized logic interface instance between eNB and NG-RAN node, e.g. X2 or Xn, but only direct connectivity for data forwarding purpose.

Proposal 2: To consider and adopt above “two step” method for direct data forwarding between 4G and 5G.
4. References
[1] RP-182886
[2] TS38.300
5. Annex: Stage2 TP for TS38.300
///////////////////////////////////////////////////////////////          first change        /////////////////////////////////////////////////////////////////////////////

In case of direct data forwarding from 5G NG-RAN node to 4G eNB, the user plane handling follows the following key principles:

-The source NG-RAN node maps QoS Flow packets received from NG-U PDU session tunnel to respective E-RAB or DRB data forwarding tunnels and forwards the SDAP SDUs or PDCP SDUs to the target eNB over direct DF tunnel.

-The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from UPF and replicates the end marker packets into each DF tunnel when no more user data packets are to be forwarded over that tunnel.
-The target eNB may reconfigure UE with new DRB set for S1-U fresh data after transmitting all forwarded packets.
In case of direct data forwarding from 4G eNB to 5G NG-RAN node, the user plane handling follows the following key principles:

-For each E-RAB accepted for direct data forwarding, the source eNB forwards the PDCP SDUs to the target NG-RAN node in the corresponding E-RAB tunnel.
-The SDAP mapping in the target NG-RAN node may be voided for all forwarded PDCP SDUs.
-Until a GTP-U end marker packet is received, the target NG-RAN node prioritizes the forwarded PDCP SDUs over the NG-U fresh packets for those QoS flows which are mapped from the source E-RABs.
-The target NG-RAN node may reconfigure UE with new DRB set for NG-U fresh data after transmitting all forwarded packets.
//////////////////////////////////////////////////////////////           end         //////////////////////////////////////////////////////////////////////////////////
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