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1 Introduction

In last few meetings, much progress was made for LTE-NR interworking. Especially, the following agreements were made for split bearer harmonization.

Agreements:

1
Include PDCP config also in NR RRC PDU from the SN 

2: 
Assume DRBid is used for the linking between PDCP config and lower layer comfiguration.
Working assumption: For MCG bearer, either LTE or NR PDCP can be used,  configurable by the network. 

FFS points:

1) which PDCP to use for MCG SRB at connection setup.

2) What mechanism is used (if needed) to indicate to network UE support of NR PDCP during connection setup?

3) whether to use LTE PDCP or NR PDCP for split SRBs

4) Whether to support a mechanism to reconfigure from LTE PDCP to NR PDCP without HO.  If so, what would the mechanism look like?
5) discuss further in stage 3 whether to refer to NR RRC for NR PDCP configuration by eNB.

Agreements 

1
The same PDCP protocol specification is used for DRBs for MCG split bearer, SCG split bearer and SCG bearer.

2
This PDCP protocol is specified in 38.323 (NR PDCP).

FFS: When EN-DC is configured, whether the MCG bearer only uses one PDCP type or the MCG bearer can use either LTE PDCP or NR PDCP up to the NW decision. Bearer type changes to be supported also need to be considered.

3
For bearers configured with NR PDCP the network configures the UE with which key (from a set of possible keys) to use. FFS the maximum number of possible keys in the set . Ask SA3 for the number of keys to be supported and to define the key derivation? Detailed wording of LS, including sufficient background info, can be worked offline.

4
The location of the PDCP entity is decided by the MN
This contribution addresses remaining open issues highlighted in yellow above and also discuss the handling of PDCP version change for MCG bearer and impacts on bearer type changes.
2 Discussion
2.1 PDCP version for MCG bearer
In the last meeting, the scenario using NR PDCP for MCG bearer was discussed and agreed as a working assumption. The operational scenario is beneficial to reduce unnecessary PDCP version changes when EN-DC is frequently configured and de-configured where NR gNBs are deployed and overlaid with LTE eNBs but with smaller coverage as shown in the Figure 1.
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Figure 1. Typical EN-DC network layout

Also the combination of LTE CP and NR UP (PDCP) would be beneficial considering long-term evolution of LTE and NR networks where all the CP and UP functions will be likely virtualized and provided in the same physical network entities. NR PDCP can be used consistently for EN-DC capable UEs in such scenario. It is proposed to confirm the working assumption as an agreement.

Proposal 1:
It is proposed to confirm the working assumption of the last meeting as an agreement: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network
2.2 PDCP version for MCG SRB bearer
Though the duplication of MCG SRB was already agreed in RAN2, it is still FFS which PDCP version should be used for the duplicate MCG SRB. As LTE PDCP is legacy implementation and upgrade of all eNB PDCP would require huge additional upgrade and effort, it is preferred to minimize changes on LTE specification. Also considering split DRB is only supported with NR-PDCP, the same approach can be used for ‘MCG split or duplicate SRB’.

Proposal 2: 
NR-PDCP should be used for ‘MCG split or duplicate SRB’. 

The next issue would be applicability of NR PDCP to non-duplicate/split MCG SRB. Considering the typical deployment layout of EN-DC network discussed in section 1, using NR PDCP for MCG SRB may reduce unnecessary PDCP version changes where NR gNB are deployed with limited coverage. Also using same PDCP version for both SRB and DRB can optimize the network implementation. The support of EN-DC is expected to be UE capability. The eNB can configure PDCP version of a UE based on capability information after connection establishment.
Proposal 3:
SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network.
When the UE initiates initial connection establishment, the configuration for SRB1 needs to be included in MSG4. It is not possible for eNB to get UE capability information on EN-DC support (or NR-PDCP support) in advance without enhancing legacy LTE connection establishment procedure. As the transition from idle state to connected state would not be as frequent as in LTE due to introduction of inactive state, the need of the enhancement seems not justified. 
Proposal 4: 
LTE-PDCP is used for SRB1 at the initial connection establishment from idle state.

I.e. no additional optimization to support NR-PDCP for SRB1 for idle to connected state transition

For the transition from inactive state to connected state, the previously configured PDCP version can be used for SRB1 after connection resumption. Example call flow for this state transition is provided in Figure 2.
Proposal 5:
Either LTE-PDCP or NR-PDCP can be used for SRB1 at the connection resumption from inactive state
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Figure 2. Example call flow for connection release and resumption to/from inactive state

When the EN-DC capable UE establishes a connection in a legacy LTE coverage, all bearers of the UE will be configured with LTE PDCP. When the UE moves from the legacy LTE coverage to EN-DC coverage, the PDCP version change for SRB may be needed. As the PDCP version change would happen in the limited situation, e.g. when the UE crosses the boundary of legacy LTE and EN-DN coverage, the handover procedure can be reused for the PDCP version change without introducing new enhancements in connection reconfiguration. 
Proposal 6:
The PDCP version change of SRB can be supported via handover procedure (reconfiguration with mobility). 
2.3 PDCP version for MCG DRB
For MCG bearer, RAN2 working assumption is either LTE PDCP or NR PDCP can be used as configured by the network. UE capable of supporting EN-DC operation during LTE standalone operation can be connected to LTE eNB which is either a legacy node or a Rel-15 LTE node. As per legacy LTE procedure during standalone operation LTE bearer is always configured with LTE PDCP.  

During mobility from legacy LTE to Rel-15 LTE, UE can be reconfigure with NR PDCP version, if UE is working in standalone operation. The reason is when EN-DC capable UE moves from LTE standalone operation to EN-DC operation, there is no need to do PDCP version change for the bearer which will minimize the complexity and restriction for bearer type change. This will help to support lossless transition during bearer type change as PDCP version will not change.

In case of LTE standalone the LTE DRB for the EN-DC capable UE can be configured with NR PDCP version. This will help to have consistent UE behaviour and lossless Handover procedure without any restriction. 

Proposal 7:  
During LTE standalone operation, EN-DC capable UE can be configured with NR PDCP version. 

When EN-DC capable UE moves from LTE standalone operation to EN-DC operation, the PDCP version change can happen from LTE PDCP to NR PDCP based on the NW decision. If the EN-DC UE is configured with a bearer which is carrying VOIP data then it is more suitable to use the LTE PDCP verison of operation. This is because smaller PDCP SN size is used for VOIP packets which seem efficient. Further there is no motivation to change the MCG bearer carrying VOIP packets to any other bearer type. Therefore there is no benefit in changing the PDCP version of MCG bearers carrying VOIP packets during EN-DC operation. 

Proposal 8:  
During EN-DC operation, the EN-DC capable UE should not undergo PDCP version change for MCG bearer configured with LTE PDCP when VOIP packets are carried by such bearer. 

There are broadly two scenarios when PDCP version change can happen from LTE PDCP to NR PDCP 

a. EN-DC UE moves from legacy LTE to Rel-15 LTE node for EN-DC operation i.e. MCG bearer PDCP version change can happen when such bearer configured with LTE PDCP is not carrying VOIP packets..

b. During EN-DC operation bearer type change for below cases can lead to PDCP version change if MCG bearer is configured with LTE PDCP

· MCG to/from MCG Split bearer 

· MCG to/from SCG operation

· MCG to/from SCG split bearer 

The scenario a shall be supported through the handover procedure. Once UE moved to EN-DC operation the MCG bearer can be (not carrying VOIP packets) can be configured NR PDCP version through the handover procedure as it involves PDCP version change and security key change which requires PDCP re-establishment. Once a MCG bearer with NR PDCP version is available then scenario b bearer type changes can be supported efficiently with one-step procedure.  

LTE PDCP and NR PDCP even though quite similar in terms of functionality, there are still some differences in terms of e.g. supported PDCP SN size, state variables, reordering functionality. To support lossless PDCP version change in either direction few restrictions are required to achieve PDCP version change with the PDCP re-establishment procedure which does not result in data loss. 

Observation 1: 
To support lossless PDCP version change in either direction few restrictions are required to achieve PDCP version change with the PDCP re-establishment procedure which does not result in data loss [1].
Proposal 9:  
During mobility from legacy LTE to Rel-15 LTE node, for EN-DC capable UE the PDCP version change of MCG DRB from LTE PDCP to NR PDCP should be supported through HO procedure. 

For bearer type changes under scenario b, if MCG DRB is configured with NR PDCP, then direct change between the bearer types can be supported without any complexity or restriction. If MCG DRB is configured as LTE PDCP then then there can be impact on bearer type change as direct change between the bearer types eg. MCG to SCG bearer or MCG to/from Split bearer need some additional restriction to support lossless transition.

Proposal 10: 
EN-DC operation should support the one step (direct) bearer type change between MCG to/from split bearer and MCG to/from SCG bearer, when MCG bearer is configured with NR PDCP.

Proposal 11:
EN-DC operation where MCG bearer is configured with LTE PDCP, then direct bearer type change of such MCG bearer to split bearer or SCG bearer is FFS. 

3 Conclusion
Based on the discussion above, we propose the followings:

Observation 1:
To support lossless PDCP version change in either direction few restrictions are required to achieve PDCP version change with the PDCP re-establishment procedure which does not result in data loss. [1]
Proposal 1:
It is proposed to confirm the working assumption of the last meeting as an agreement: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network

Proposal 2: 
NR-PDCP should be used for ‘MCG split or duplicate SRB’. 

Proposal 3:
SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network.
Proposal 4: 
LTE-PDCP is used for SRB1 at the initial connection establishment from idle state.

I.e. no additional optimization to support NR-PDCP for SRB1 for idle to connected state transition

Proposal 5:
Either LTE-PDCP or NR-PDCP can be used for SRB1 at the connection resumption from inactive state
Proposal 6:
The PDCP version change of SRB can be supported via handover procedure (reconfiguration with mobility) same as DRB.
Proposal 7:
During LTE standalone operation, EN-DC capable UE can be configured with NR PDCP version.

Proposal 8:
During EN-DC operation, the EN-DC capable UE should not undergo PDCP version change for MCG bearer configured with LTE PDCP when VOIP packets are carried by such bearer.

Proposal 9:
During mobility from legacy LTE to Rel-15 LTE node, for EN-DC capable UE the PDCP version change of MCG DRB from LTE PDCP to NR PDCP should be supported through HO procedure.
Proposal 10:
EN-DC operation should support the one step (direct) bearer type change between MCG to/from split bearer and MCG to/from SCG bearer, when MCG bearer is configured with NR PDCP.

Proposal 11:
EN-DC operation where MCG bearer is configured with LTE PDCP, then direct bearer type change of such MCG bearer to split bearer or SCG bearer is FFS.
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