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1 Introduction

From RAN2#99 meeting, it was agreed that
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.

In this contribution, we discuss the left issue of PDCP version change.
2 Discussion
2.1 Autonomous UL RRC signalling
According to the following agreement

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.

For solution ii/ (without handover), the premise here is that the network ensuring “no UL data in buffer”. Otherwise, if there is UL data in buffer (either in PDCP buffer, ARQ buffer or HARQ buffer), there might be uncertainty that after DL delivery of RRCConnectionReconfiguration:

· Either the network may receive the first UL message as RRCConnectionReconfigurationComplete carried by NR PDCP

· Or the network may receive the first buffered UL message carried by LTE PDCP.
Therefore, the problem is how to ensure this “no UL data in buffer”. In LTE, there are mainly three types of autonomous UL signalling
1) Measurement report
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Figure 1 Measurement report triggering

2) UL information


[image: image2.emf] 

ULInformationTransfer  

UE   EUTRAN  


Figure 2 UL information transfer

3) Sidelink UE information
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Figure 3 Sidelink UE Information triggering

For 1), it can be eliminated by avoiding measurement configuration, and for 2), it is only used for NAS security setup, so that would not re-start after AS security setup in normal cases. The exceptional case is for 3), according to TS 36.331 [1], as long as there is 

· PC5 related SIB (SIB18, SIB19 or SIB21) broadcasted, and
· Sidelink discovery / communication are triggered by upper layer (e.g., when user manually enables ProSe / V2x service)
SidelinkUEInformation signalling would be triggered by a PC5-capable UE, and this case is likely to happen in EN-DC scenario (i.e., MN is eNB, and connected to EPC which support PC5 functionality).
Observation 1 SidelinkUEInformation defined since Rel-12 is triggered by UE autonomously if SIB18, SIB19 or SIB21 is broadcasted in case of EN-DC.
2.2 Impact due to SidelinkUEInformation
Since SidelinkUEInformation may be triggered by UE autonomously, e.g., whenever user manually enables the ProSe / V2x service, the result would be that:

1) Network can never ensure that there is “no UL data in buffer” for a PC5-capable UE, if SIB18/SIB19/SIB21 are broadcasted.

2) If network in this case, still runs the PDCP version reconfiguration procedure ii/ without handover, it might be that the first UL message after RRCConnectionReconfiguration is not RRCConnectionReconfigurationComplete which is carried by NR PDCP, but is SidelinkUEInformation which is carried by LTE PDCP (i.e., sent before reception of RRCConnectionReconfiguration). Due to the different format of LTE / NR PDCP Data PDU, it would cause integrity check failure and data reception failure.

3) A further result would be thus

a. At UE side, the delivery of SidelinkUEInformation would be ‘ignored’ by network without awareness by UE;

b. At network side, it may see the UE as a malicious one, and may release the connection up to network implementation;

Observation 2 SidelinkUEInformation delivery would cause problem to PDCP version reconfiguration procedure (without handover case).
2.3 Solution candidates
In order to solve the problem, one may propose to enhance the UE to indicate network on SidelinkUEInformation in UL buffer or empty-UL-buffer. However, it is not feasible because:

· Whenever the indication is sent to network, the indication is for the status up to the indication generation time point, yet there is still an uncertain time period after the generation of the indication and before the generation of RRCConnectionReconfigurationComplete (as shown in ).

Observation 3 It is not feasible to solve the problem via an ‘empty-UL-buffer’ indication from UE to network.
In order to solve this from network perspective, there could be some solution candidates as follows:

1) Remove solution ii/, i.e., no procedure of PDCP version reconfiguration without handover procedure.

a. Pros: less specification effort.
b. Cons: agreement re-visit

2) Decouple the support of PC5 and EN-DC, i.e., no SIB18/SIB19/SIB21 at all in case of EN-DC

a. Pros: no agreement re-visit, less specification effort;
b. Cons: restriction on network deployment, i.e., operator has to use separated eNBs to serve EN-DC, and to serve V2x.
3) Up to eNB implementation. In LTE LWA, for key confusion problem, it is stated that
NOTE 2:
After the LWA end-marker PDCP Control PDU is received, the handling of PDCP PDUs with associated COUNT values up to and including the COUNT value corresponding to LSN is left up to the UE implementation.

I.e., after the end-marker is received, the receiving entity (here it is UE) is aware that the arrived packet may be ciphered using either old or new key, and it can thus be solved by implementation, e.g., by attempting to deciphering twice based on two keys. And this can be extended to the case here, i.e., eNB can attempt to receiving the UL packets via two possible format assumptions, either in LTE version or in PDCP version.

a. Pros: no agreement re-visit, less specification effort.

b. Cons: effort on network implementation.

4) Enhanced UE UL buffer management: To solve this problem, one straightforward idea is to enhance the UE to indicate network on UL buffer empty or not (i.e., whether there is SidelinkUEInformation generated in UL buffer). However, it may be not enough since whenever the indication is sent to network, the indication is for the status up to the indication generation time point, i.e., there is still an uncertain time period after the generation of the indication and before the generation of RRCConnectionReconfigurationComplete (as shown below):
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Figure 4 The uncertainty if using an ‘empty-UL-buffer’ indication from UE

Therefore, an enhanced UL buffer management scheme is needed, i.e., introduce a feature for NR PDCP capable PC5 UE (i.e., in Rel-15), to restrict the generation of SidelinkUEInformation in cerntain conditions. This restriction can be used to ensure during PDCP version change procedure, no other SIB signaling like SidelinkUEInformation is generated before RRCConnectionReconfigurationComplete.

a. Pros: solve the root problem
b. Cons: agreement re-visit, some specification effort

5) Change on solution ii/, i.e., both UE and network would switch to new PDCP version (e.g., switch from LTE to NR PDCP) only after RRCConnectionReconfigurationComplete (i.e., network switches after the reception, UE switches after the transmission), so that even if non-empty buffer, there is no format confusion problem.

a. Pros: solve the root problem

b. Cons: agreement re-visit, some specification effort.

Considering that solution 2) above does not solve the problem, we have a slight preference to solve the issue among candidate 1) / 3) / 4) / 5).
Proposal 1 RAN2 discuss the solution candidates above for the problem of PDCP version confusion due to the impact by SidelinkUEInformation.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
SidelinkUEInformation defined since Rel-12 is triggered by UE autonomously if SIB18, SIB19 or SIB21 is broadcasted in case of EN-DC.
Observation 2
SidelinkUEInformation delivery would cause problem to PDCP version reconfiguration procedure (without handover case).
Observation 3
It is not feasible to solve the problem via an ‘empty-UL-buffer’ indication from UE to network.


Based on the observations, we propose:
Proposal 1
RAN2 discuss the solution candidates above for the problem of PDCP version confusion due to the impact by SidelinkUEInformation.


4 Reference
[1] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC) protocol specification".
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