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Introduction
PDCP for E-UTRA connected to 5GC was discussed in RAN2#99 and the following agreement [1] was reached. 
Agreement
1:	For UEs that are connecting via E-UTRA to 5GC, only NR PDCP is used for the DRBs. Also applicable for option 7 and option 4.

In this contribution, we would assess the possibility to utilize NR PDCP for Signalling Radio Bearer (SRB) along with Data Radio Bearer (DRB). 
Discussion
In RAN2#99 it was that agreed that UE connected to 5GC via LTEwould only use NR PDCP for dedicated radio bearer (DRB). This was applicable to NR architecture option 4 and option 7. This implies that UE’s connected to 5GC via LTELTE would not use LTE PDCP layer for dedicated radio bearers. The main reasons to select NR PDCP instead of LTE PDCP are as follows: 
1. Security enhancement since NR PDCP might introduce new security keys in future. 
2. It is already agreed to allow use of NR PDCP along with LTE PDCP for EN-DC operations. 
3. Reduce changes in LTE PDCP in order to support NR and 5GC features on QoS. 

It was decided to further study the impact of using NR PDCP for Signalling radio bearer (SRB) as well.  The Table.1 below provides a summary of main differences between LTE and NR PDCP. 

	
	LTE  PDCP
	NR  PDCP

	PDCP SN length
	5 bits (SRB), DRB: 7,12,15,18
	12 (SRB, DRB), 18 (DRB)

	Data PDU for SRB

	3 reserve bits
	4 reserve bits

	Mapping of RB to PDCP entities
	except for SRB0 and SRB1bis
	except for SRB0

	PDCP not supported
	SRB1bis
	Not mentioned specifically.

	Duplication of DRB and SRB
	Not available
	Configurable.

	PDU Reordering
	Not supported
	Supported



Table.1: Summary of main differences between LTE and NR PDCP

The radio bearer available for transmission of dedicated control signaling (RRC messages) between the LTELTE and one UE is defined as Signaling Radio Bearer. The Signalling Radio Bearers (SRBs) are offered by the PDCP layer to the RRC layer for transport of RRC and NAS messages as shown in Fig. 1. 

[image: ]
Fig.1: SRB mapping between PDCP and RRC


There are three types of SRBs, namely

– SRB0: Used for RRC messages on the CCCH
– SRB1: Used for RRC and NAS messages on the DCCH
– SRB2: Used for NAS messages

See Table. B in Appendix section for mapping between SRB and RRC. 

The SRB is mapped to the common control channel (CCCH) during establishment of connection and, once a connection is established, to the dedicated control channel (DCCH). This leads to a problem pertaining to use of NR PDCP with SRB. SRB1 configuration is provided to the terminal in message 3 using RRC connection setup message. 

In case NR PDCP is agreed for LTE connected to 5GC, the problem is that message 3 currently does not indicate core network type so LTE is blind about mapping SRB1 to NR PDCP or LTE PDCP. 

[bookmark: _Toc493176734][bookmark: _Toc493177380][bookmark: _Toc493513966][bookmark: _Toc494297334]In case NR PDCP is agreed for LTE connected to 5GC, the problem is that message 3 currently does not indicate core network type so LTE is blind about mapping SRB1 to NR PDCP or LTE PDCP. 

This is one of the main limitation to introduce NR PDCP for LTE connected to 5GC. Apart from that, there are other overheads involved as shown in Table 1. Introduction of NR PDCP would increase the PDCP SN-length from 5 bits to 12 bits leading to extra overhead. This could be problematic on switching from NR to LTE PDCP since the PDCP SN-length would reduce and some of the sequence numbers might not be handled. The potential outcomes could be reset of UE context. 

[bookmark: _Toc493177381][bookmark: _Toc493513967][bookmark: _Toc494297335]Introduction of NR PDCP would increase the PDCP SN-length from 5 bits to 12 bits leading to extra control overhead.

One of the agreement pertaining to EN-DC from last RAN2#99 meeting also requires that NR PDCP is configurable for SRB, in case the UE is EN-DC capable. The related agreement is as follows:

EN-DC agreements also require that EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.

[bookmark: _Toc493513969][bookmark: _Toc494297337]In case the UE is EN-DC capable, NR PDCP support is configurable for SRB

The main issue to introduce NR PDCP with LTE connected to 5GC is that currently, UE does not indicate the core network in message 3 thus LTE would always handle the SRB on LTE PDCP in the initial access or connection resume. There are three main options to handle this problem: 

Option 1: Enhance message 3 to include core network indication by the UE as proposed in R2-1710193 [2]

Option 2:  LTE connected to 5GC use LTE PDCP during initial connection setup/resume process and then optionally move to NR PDCP if required. 

Option 3: LTE connected to 5GC support only LTE PDCP on SRB for UE connected to 5GC. 

A comparison of the above three options is mentioned below in Table.2: 

	Option
	Advantages
	Disadvantages

	1
	· LTE RAN aware about CN type at message 3. 
· LTE can setup NR PDCP for SRB from start. 
· No switch between LTE and NR PDCP required for SRB.
· CN information in message 3 is also required for other changes in LTE connected to 5GC, i.e.  introduction of 5G-S-TMSI in message 3 would require CN information in message 3
	· Extra signaling in message 3 which is already short of space.

	2
	· No enhancements required in message 3. 
· Possibility to move to NR PDCP after initial connection setup. 
· Based on UE core network support, PDCP could be switched. 
· Also aligned with EN-DC agreements to support LTE and NR PDCP for SRB.  
	· Potential delay in control plane on switching between LTE and NR PDCP.
· Loss less switch needs to be devised for the switch between LTE and NR PDCP on SRB. 


	3
	· No enhancements required in message 3 for CN indication. 
· No PDCP switch required. 

	· NR PDCP would not be supported for SRB. 
· Not aligned with EN-DC agreements. Also, LTE would need to support NR PDCP on SRB for EN-DC. 
· Security enhancements of NR-PDCP would not be available. 



	Table.2: Comparison of options to select PDCP type for SRB 

Based on the above assessment, it seems like option 1 and 2 are the most feasible solutions to consider for SRB in LTE connected to 5GC. Option 1 is the preferred option since it is simple, avoids complexity to switch between NR and LTE PDCP.CN indication in message 3 is the preferred solution for handling PDCP type for SRB since it is simple, avoids complexity to switch between NR and LTE PDCP.

 CN indication in message 3 is the preferred solution for handling PDCP type for SRB since it is simple, avoids complexity to switch between NR and LTE PDCP.

In case, it is not possible to increase the size of message 3 to indicate CN type by UE, the second best option is to start SRB1 on LTE PDCP.  After connection setup, switch to NR PDCP for SRB. This solution avoids change in message 3 along with providing a flexibility to switch between the two PDCP versions.

In case CN indication in message 3 is not possible, the second best option is to start SRB1 on LTE PDCP and after connection setup, switch to NR PDCP for SRB. This solution avoids change in message 3 along with providing a flexibility to switch between the two PDCP versions.
Conclusion
In this contribution, we assess the possibility to utilize NR PDCP for Signalling Radio Bearer (SRB) along with Data Radio Bearer (DRB). 
In section 2 we made the following observations:

Observation 1	NR PDCP maps the SRB 1 to a PDCP entity compared to LTE where SRB 1 is not mapped to a PDCP entity. 
Observation 2	In case NR PDCP is agreed for LTE connected to 5GC, the problem is that message 3 currently does not indicate core network type so LTE is blind about mapping SRB1 to NR PDCP or LTE PDCP.
Observation 3	Introduction of NR PDCP would increase the PDCP SN-length from 5 bits to 12 bits leading to extra control overhead.
Observation 4	NR PDCP would support packet duplication which could potentially be used to increase reliability of SRB reception during poor radio conditions.
Observation 5	In case the UE is EN-DC capable, NR PDCP support is configurable for SRB

Based on the discussion in section 2 we propose the following:
 
1. CN indication in message 3 is the preferred solution for handling PDCP type for SRB since it is simple, avoids complexity to switch between NR and LTE PDCP and aligned with EN-DC agreements as well.
1. In case CN indication in message 3 is not possible, the second best option is to start SRB on LTE PDCP and after connection setup, switch to NR PDCP for SRB. This solution avoids change in message 3 along with providing a flexibility to switch between the two PDCP versions.
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Appendix

Table A: EN-DC Agreements from RAN2#99

Agreements for EN-DC
1:	Working assumption of the last meeting is confirmed as an agreement: For MCG bearer,
either LTE or NR PDCP can be used, configurable by the network.
1a	EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.
2: 	NR-PDCP is used for ‘MCG split or duplicate SRB’.
3:	Non split SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network (at least after initial connection establishment).
FFS whether SRB1 and SRB2 need to be configured with the same PDCP type (to be concluded in stage 3).
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)
5:	The PDCP version change (release of old PDCP and establish of new PDCP) of SRBs can be supported via:
i/  handover procedure (reconfiguration with mobility); and
ii/ reconfiguration without mobilityControlInfo (when network implementation is sure there is no UL data in buffer). No user plane actions beyond release and establish of PDCP are to be specified for this case.
6	EN-DC operation should support a single reconfiguration procedure for bearer type change between MCG to/from split bearer and MCG to/from SCG bearer, when MCG bearer is configured with NR PDCP (before and after the bearer type change).
7	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 performed is FFS.



Table B: SRB to RRC mapping
	LTE SRB Type
	Direction
	RRC message

	LTE SRB0 (CCCH)
	Downlink
	RRC Connection Setup
RRC Connection Reject
RRC Connection Re-establishment
RRC Connection Re-establishment reject

	
	Uplink
	RRC Connection Request
RRC Connection Re-esblishment Request

	LTE SRB1(DCCH)
	Downlink
	RRC Connection Reconfiguration 
RRC Connection Release 
Security Mode Command
UE Capability Enquiry
DL information transfer(if no SRB-2)
Mobility from EUTRA Command 
Handover from EUTRA preparation request
CS Fallback parameter response CDMA2000 
Counter Check

	
	Uplink
	RRC Connection Setup Complete
Security Mode Complete 
Security Mode Failure
RRC Connection Reconfiguration Complete
RRC Connection Re-establishment Complete
Measurement report
UE Capability information
UL Information Transfer (if no SRB2) 
UL handover preparation transfer
CS fallback parameters request CDMA2000
Counter Check response

	LTE SRB2 (DCCH)
	Downlink
	DL Information Transfer

	
	Uplink
	UL Information Transfer
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