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1	Introduction
In the context of tight interworking, specifically in Option 3A, it is possible that, gNB is connected to EPC via S1-U interface. This contribution tries to analyse the possible issues created by this configuration.
2	Scenario
2.1	Architecture
Interfaces in several architecture options have been studied and the current list of them is available in [1]. 
In all architecture options gNB is connected to NGC except in architecture option 3A, where gNB is connected to EPC in user plane via the S1-U interface. S1-U is the interface to EPC despite of the forthcoming decisions to be done for the NGC interfaces. 
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Figure 1: Scenario 3A

In all other architecture options, gNB is connected to NGC core network via NG-U interface for user plane. Although it can be noted that in case of Scenario 3 the gNB is connected to EPC, it is connected via a LTE eNB.
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Figure 2: Scenario 3
In the following, we focus on scenario 3A, and its impact on higher layers of the user plane radio protocols.
Figure 3 shows the EPS Bearer Service Architecture. In scenario 3A, the EPS Bearer architecture needs to be kept but the Radio Bearers are provided by the NR air interface instead of the LTE air interface.




Figure 3: EPS Bearer Service Architecture
2.2	Choice of the PDCP Layer
Figure 4 below shows the possible choices for the Packet Data Convergence Protocol (PDCP):  
1.	NR-PDCP
2.	LTE-PDCP
NR PDCP is not yet standardized. Nevertheless, we assume that a NR PDCP will have to be standardized entirely from the standalone NR requirements and efficiency point of view, and its user plane connection to EPC is a secondary concern. 
In case of LTE-PDCP, the interaction with higher layers would be simpler in UE and gNB because the interaction between PDCP and Non Access Stratum in UE and interaction between PDCP and EPC would be kept unchanged. However, this mean that the interaction between LTE-PDCP and NR-RLC needs to be supported and that NR-RLC would face some constraints in its specifications and may not be as efficient as if it were to be developed independently.
In case of NR-PDCP, naturally the interaction with lower layer is supported. However, the interaction with Core Network has to be changed because NR-PDCP is usually connected to NGC via NG interface. We don’t see this as a major issue, and the following section describe it in more details.
Proposal 1: In Scenario 3A, the PDCP layer for SCG Bearers is NR-PDCP.



Figure 4: Possible alternatives for protocol stacks at gNB
3	Differences 
3.1	QoS
As presented in [2] and in [3], the main difference between EPS QoS management and NGC/NR QoS Management is that in EPS  there is a 1:1 mapping between S1 bearer to Data Radio Bearer (DRB) and in NR/NGC, it is expected that a PDU-session maps to several DRBs as shown in figure 5 [4].



Figure 5. NR connection model
NR PDCP will be specified to meet the above mapping requirement of one PDU session to several DRBs. Hence, we can model the PDU session to DRB mapping as a splitting/merging functionality inside the NR-PDCP, as shown in figure 6


Figure 6. NR-PDCP Model when gNB is connected to NGC
In case gNB is connected to EPC, the way forward would be to re-use this 1:1 mapping scheme and map one S1 bearer to one DRB. Doing this in the NR-PDCP is straightforward, as the DRB allocation and merge functionality of NR-PDCP would just be idle i.e. bypassed, without any further consequences. This is illustrated below in figure 7.
The advantage of using 1:1 mapping, would make the handover similar to LTE from the EPC point of view. The path-switching of S1-U would appear as a handover functionality also from the DRB point of view.
Proposal 2: For tight interworking scenario 3A, there is a 1:1 mapping between S1-U and a DRB of the SCG i.e. an SCG bearer.
The QoS attributes of EPC are in use for the EPS bearers and there is a need to map the QoS parameters used in EPC to the radio bearer parameters used in the NR.




Figure 7. NR-PDCP Model when connected to EPC
4	User Plane Mobility
In this section, some mobility scenarios are considered as well as their impact on the EPC - gNB connectivity.
We think the mobility scenarios requiring explicit attention in RAN2 are the ones where the CN does not change, i.e. S1-U connection to EPC remains for the EPS bearer. This leaves two cases that involves an SCG bearer in scenario 3A:
1.	Moving the EPS bearer between the LTE eNB and gNB (such as required in a reconfiguration between the MCG and SCG bearer in scenario 3a). This is illustrated in figure 8.
2.	Moving the EPS bearer between two gNBs (such as the change of S-gNBs under a given LTE MeNB) .This is illustrated in figure 9.
Note that the case 2 above should be relatively simple to specify as the PDCP type does not change. As considered in [4], it should involve preparation over Xx along similar principles as in legacy
Proposal 3: for SCG bearers in tight interworking scenario 3A, explicit RAN support is needed only for User Plane mobility from and to LTE eNB as well as between two gNB while keeping under EPC.




Figure 8: Mobility between LTE eNB and gNB




Figure 9: Mobility between gNB and gNB

We focus now on the mobility scenario that involve a change of PDCP (figure 8).
In this scenario, Core Network is kept, but PDCP entity is changed (between LTE-PDCP and NR-PDCP) as well as lower layers (RLC, MAC, PHY). As explained above, it is proposed that there will be a 1:1 mapping between S1 Bearers and DRBs. As a consequence, it is enough to consider the mobility of a single DRB / EPS bearer.
The simplest way would be to transform the existing LTE DRB into NR-DRB and vice-versa, while keeping the same EPS bearers. 
In the following, we use the term “PDCP relocation” to name the PDCP re-establishment or data recovery in user plane, and a path switch performed in the network, which are caused by the reconfigurations in the tight interworking scenarios 3/3A.
The bearers could be completely released and re-established, but the PDCP relocation would not be lossless as it is the case in LTE relocation of AM DRBs. Alternatively, the PDCP relocation could take advantage of the PDCP ability to perform lossless relocation. However, some adaptation may be needed to make it possible as described below.
The lower layers (RLC and lower) would be flushed and the PDCP SDUs that have not been transmitted successfully are forwarded to the target PDCP and transmitted. 
In PDCP relocation in LTE, source and target PDCP have usually the same SN length and hence window size which makes the storage and retransmission of PDU easier. However, in the present scenarios it can happen that LTE-PDCP and NR-PDCP don’t have the same window size. As we discuss in [6], in particular a bearer split at the gNB – such as a split SCG bearer in Option 3A – seems to maximize the buffering requirements and hence also the number of outstanding PDCP PDUs and PDCP window size that need to be supported.
The issue of configuration misalignment between source and target PDCP has been discussed for LTE. When the handover-target eNB does not support the UE’s RRC configuration (e.g. for a longer PDCP SN length) at the source eNB, the target eNB performs a full-configuration handover, which involves release and re-setup of all PDCP entities. At such a full-configuration handover, PDCP SDUs whose transmission has already been attempted under the source eNB are not retransmitted at the target, and hence data loss at such a handover can occur.
Furthermore, the LTE RRC specification only allows to configure an extended PDCP SN length at setup of a PDCP entity.
If the window size is larger in the target, it should not create problem to transfer to the target and (re)send the missing PDU. The status report from the receiving entity is also based on SN window.
If the SN window size is smaller in the target PDCP entity and the PDUs in flight (i.e. whose acknowledgement is pending) at the time of the reconfiguration do not fit into that, then some advanced procedure is needed, because without any enhancements
-	There can be HFN ambiguity both for the First Missing SN (FMS) reported in the PDCP status report and for the first re-transmitted PDU (these two PDCP SNs can lie anywhere within the previous, larger window from the peer entity’s point of view);
-	Because of a previous PDCP discard, the PDCP transmitter may no longer have available any PDUs that would fit within the window expected by the peer PDCP entity (i.e. half SN space ahead of the last PDU submitted to higher layers);
-	The status report from the receiving entity may not be able to report all the PDUs already received.
In this case, it is clear that there is a need for a specific handling for the PDU that need to be retransmitted and cannot fit into the target SN window in transmitting and receiving entity .
Proposal 4: RAN2 should study PDCP procedures for changing the PDCP-SN length that are lossless and maintain ordered delivery of higher-layer data.
5	Conclusion 
In this contribution, we have presented and discussed the case of tight interworking 3A and its impact on the way gNB interfaces with EPC 
Proposal 1: In Scenario 3A, the PDCP layer for SCG Bearers is NR-PDCP.
Proposal 2: For tight interworking scenario 3A, there is a 1:1 mapping between S1 bearer and DRB for SCG bearers.
Proposal 3: for SCG bearers in tight interworking scenario 3A, explicit RAN support is needed only for User Plane mobility from and to LTE eNB as well as between two gNB while keeping under EPC.
Proposal 4: RAN2 should study PDCP procedures for changing the PDCP-SN length that are lossless and maintain ordered delivery of higher-layer data.
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