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Introduction
In RAN2 June ad-hoc, RAN 2 agreed to the following for split bearer and SCG bearer that NR-PDCP will be used:
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

In this contribution, the FFS (i.e. the PDCP type) on the MCG bearer and the PDCP for the MCG SRB (particularly on SRB1) are further discussed. 
Discussion
In RAN 2 June Ad-Hoc, it is left FFS on whether the MCG bearers only use one PDCP type or can use either LTE or NR PDCP. In the case of MCG SRB, it was suggested to be separately discussed during the meeting.
For the MCG DRB, the eNB already knows the UE capability whether the UE supports split bearer for EN-DC at the point when the MCG DRB is established.  Based on the UE capability, the eNB can configure PDCP type of the MCG DRB as NR PDCP if it chooses to. However, some companies think that it will be more efficient to use LTE PDCP at least for some bearers (e.g. voice call). The concern is that there will be higher overhead using NR PDCP than LTE PDCP (e.g. SN length for LTE can be configured to 7-bit for voice while for NR it is either 12 or 18-bit). For this case, the network would keep using LTE PDCP. This may not an issue for VoIP bearers that do not need to be split.  For other cases, where the network were to setup an MCG DRB with LTE PDCP and later reconfigure it to split DRB, it will have change LTE PDCP to NR PDCP. 
For the SRB1, the eNB however does not know the UE capability whether the UE supports split bearer for EN-DC at the point when the SRB1 is established since UE capability is only known after the SRB1 is established. In order for the eNB to know the UE capability on PDCP for split bearer, one option is for the UE can provide its PDCP capability in Msg3. Another consequence of this is that it will require introducing the NR PDCP container structure also into the RRC Connection Setup message. The alternative is to set SRB1 up as LTE PDCP and change it to NR PDCP when it needs to be reconfigured to split SRB1.
For both MCG DRB and MCG SRB1, the default mechanism for reconfiguration from LTE PDCP to NR PDCP is by using handover (using intra-cell HO or during inter-cell HO)
Observation#1:  For bearer type change from MCG DRB and SRB1 to split DRB/SRB1, handover procedure can always be used to perform the change from LTE PDCP to NR PDCP.
However, performing handover procedure for changing LTE PDCP to NR PDCP may result in unnecessary interruption, particularly for DRB. 
Alternatively, it is to study whether it is possible to perform just a reconfiguration from LTE PDCP to NR PDCP without handover for the DRB and SRB. 
Reconfiguration MCG DRB with LTE PDCP to Split DRB
For an MCG DRB configured with LTE PDCP by the eNB, the eNB has to reconfigure from LTE PDCP to NR PDCP when reconfiguring the MCG DRB to split DRB.  Since the RRC reconfiguration message is asynchronous to the data in DRBs, the receiving node may continue to receive data with LTE PDCP even after receiving the RRC reconfiguration procedure.  
The following shows the (currently identified) differences between LTE and NR PDCP and the impact of performing reconfiguration from LTE PDCP to NR PDCP for each is provided in the observations:
	Differences
	Details
	Observations

	SN length for DRB
	For DRB, LTE has SN length of 7, 12, 15 or 18 while NR has SN length of 12 or 18 in PDCP Data PDU. 

	One simple solution is that eNB supporting EN-DC knowing that a UE supports EN-DC will use SN length of 12 or 18.

Alternatively, a synchronisation point is needed when the receiving node knows LTE PDCP is changed to NR PDCP


	Jumbo frame
	NR introduces jumbo frame.
	Again a synchronisation point is needed when the receiving node knows LTE PDCP is changed to NR PDCP

	PDCP Receive operation
	In LTE, there are two windows and HFN is determined based on a pull window whose upper edge is variable Next_ PDCP_RX_SN. In NR, there is one window and HFN is determined based on push window whose lower edge is variable RX_DELIV (corresponding to LTE variable Last_Submitted_PDCP_RX_SN)

Also in LTE, the state variables are maintained separately for HFN and the SN, while in NR, the state variable is only kept in COUNT.
	Again a synchronisation point is needed when the receiving node knows LTE PDCP is changed to NR PDCP.

 Although the HFN derivation is described differently in the specs, the actual UE behaviour is intended to be the same in both cases.
As for the state variable, a straightforward translation can be performed. i.e. 
	LTE
	NR

	[RX_HFN, Next_PDCP_RX_SN]
	RX_NEXT

	[RX_HFN, Last_Submitted_PDCP_RX_SN]
	RX_DELIV

	Reordering_PDCP_RX_COUNT
	RX_REORD




	PDCP Status Report
	The format of the PDCP status report for NR and LTE is different due to the difference between LTE (using FMS) and NR (using FMC)
	PDCP Status Report is only sent during PDCP re-establishment and recovery. 

If PDCP reestablishment needs to be performed (due to key change), NR PDCP Status Report will be sent after the reconfiguration.



Based on the above table, it can be observed that a synchronisation point at the receiver is needed when the receiving node knows LTE PDCP is changed to NR PDCP:
· PDCP Data PDU header size is changing (e.g. from LTE PDCP Data PDU of SN length=7bits to NR PDCP Data PDU of SN length=12 bits)
· When Jumbo frame is to be received
· When PDCP Receive operation needs to be changed.
Observation#2: Reconfiguration from LTE PDCP to NR PDCP for MCG DRB without handover requires synchronisation point when the receiving node knows LTE PDCP is changed to NR PDCP.
In [1], several approaches to solve the key change scenarios were analysed. Some of these approaches can also be applied to provide the above synchronisation point and are reproduced below: 
1. Allocate a new LC-ID for the DRB associated with RLC and PDCP re-establishment (comes with reconfiguration of LTE PDCP to NR PDCP). The MAC will discard the MAC PDU with the old (now unknown) LC-ID in the soft buffer.
2. Inform the receiving node by some means (control or user plane) of the last PDCP Data PDU from TX LTE PDCP. 
For 1, the PDCP re-establishment will act as the synchronisation point to change from LTE PDCP to NR PDCP.
For 2, the indicator in the last PDCP Data PDU will act as the synchronisation point to change from LTE PDCP to NR PDCP.
Comparing between Approach 1 and 2, Approach 1 is simple as it is just applying existing behaviour.
Proposal#1: The PDCP type for MCG DRB can be left to the eNB to decide whether to setup LTE PDCP or NR PDCP.
Proposal#2: When the PDCP type for MCG DRB needs to change from LTE PDCP to NR PDCP, it can be performed as follow:
· Allocate a new LC-ID for the DRB and perform RLC and PDCP re-establishment when reconfiguration of LTE PDCP to NR PDCP 
PDCP Type for MCG SRB
As for the PDCP type of the MCG SRB, there are the following options:
Option 1: Always configure as NR PDCP
Option 2: Can be configured as LTE PDCP and change to NR PDCP for MCG SRB split
Option 3: Always configure as LTE PDCP even for MCG SRB split.
Option 1 requires that the eNB supporting EN-DC has to know whether UE supports MCG SRB split. eNB knows the UE capability and can configure PDCP type for SRB2 based on the UE capability.  However, SRB1 would require additional signalling in Msg3 (either via RRC signalling or MAC CE signalling) to indicate the UE capability to perform split MCG SRB.
For Option 2, the eNB can configure PDCP type for the MCG SRB as LTE PDCP.  Hence there is no requirement for eNB to know the UE split SRB capability when the SRB1 is established. There are many sub-options to do this.  One is to do intra-cell HO. Only when the MCG SRB is changed to MCG SRB split that it would be changed to NR PDCP.  Since the main purpose of MCG SRB split is to improve reliability at the cell edge where NR cells exists, it may not be a frequent event.  Another simpler alternative is for network to handle this as implementation option for SRB1.  Network can perform the reconfiguration from LTE PDCP to NR PDCP for the MCG SRB as follows:
· For DL, network can ensure that RRC Connection Reconfiguration is the last message with LTE PDCP and no new messages are sent until it receives a Complete
· For UL, network will have to reconfigure LTE PDCP to NR PDCP in the first reconfiguration message so UE will not generate any unsolicited UL message (e.g. measurement report etc.) during the LTE to NR PDCP reconfiguration.  This is done  even if the SRB is not changed to split SRB.
It should be noted that the solution that is proposed for MCG DRB is not very suitable for the reconfiguration of the LTE PDCP to NR PDCP for the MCG SRB as there may be loss of RRC messages due to the discard of MAC SDU in the MAC layer that is not re-transmitted by RLC
Option 3 will not allow a common handling for split SRB and split DRB. Furthermore, it would require modification of LTE PDCP to support the split and duplicate operation for SRB. Hence it is not preferred by us.
Between Option 1 and 2, we think that Option 2 with intra-cell handover when MCG SRB is switched to MCG SRB split should be an acceptable solution. Hence it is proposed:
Proposal#3: MCG SRB can be configured as LTE PDCP but can only change to NR PDCP with handover. 
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Observation#1:  For bearer type change from MCG DRB and SRB1 to split DRB/SRB1, handover procedure can always be used to perform the change from LTE PDCP to NR PDCP.
Observation#2: Reconfiguration from LTE PDCP to NR PDCP for MCG DRB without handover requires synchronisation point when the receiving node knows LTE PDCP is changed to NR PDCP.
Proposal#1: The PDCP type for MCG DRB can be left to the eNB to decide whether to setup LTE PDCP or NR PDCP.
Proposal#2: When the PDCP type for MCG DRB needs to change from LTE PDCP to NR PDCP, it can be performed as follow:
· Allocate a new LC-ID for the DRB and perform RLC and PDCP re-establishment when reconfiguration of LTE PDCP to NR PDCP 
Proposal#3: MCG SRB can be configured as LTE PDCP but can only change to NR PDCP with handover. 
References:
[1] R2-1707050 RLC and MAC handling for Bearer Type change, Intel
