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1 Introduction

This paper is a continuation of discussion in RAN3#105bis [1] to elaborate more about why PDCP version change affects the sequence number assignment at the target eNB/en-gNB if a SN Status Transfer message is received during EN-DC operation.
	R3-195516
	Correction to SN Status Transfer considering PDCP version change (Google Inc.)
	CR1364r1, TS 36.423 v15.7.0, Rel-15, Cat. F

E///: isn’t stage-2 sufficient?

Intel: how PDCP version change is related to SN transfer?

Spec rapporteur to check “source eNB or en-gNB”

PDCP version change issue is to be continued


2 Discussion
2.1 SN Status Transfer operation
In the current specification, it is captured in Sec 8.2.1 of TS 36.423 that –
	-
the behaviour of the en-gNB from which the E-RAB context is transferred, i.e., the en-gNB involved in EN-DC from which data forwarding, is specified by the behaviour of the "source en-gNB",

-
the behaviour of the en-gNB to which the E-RAB context is transferred, i.e., the en-gNB involved in EN-DC to which data is forwarded, is specified by the behaviour of the "target en-gNB".


However, only “eNB” is used in the behavioural text about how COUNT values are used as below in Sec 8.2.2, while the same behavior should be applied to EN-DC as well actually.
	The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen. The target eNB using Full Configuration for this handover as per TS 36.300 [15] shall ignore the information received in this message.
The E-RABs Subject To Status Transfer List IE included in the SN STATUS TRANSFER message contains the E-RAB ID(s) corresponding to the E-RAB(s) for which PDCP SN and HFN status preservation shall be applied.

If the source eNB includes in the SN STATUS TRANSFER message, the information on the missing and received uplink SDUs in the Receive Status Of UL PDCP SDUs IE or Receive Status Of UL PDCP SDUs Extended IE or Receive Status Of UL PDCP SDUs for PDCP SN Length 18 IE for each E-RAB for which the source eNB has accepted the request from the target eNB for uplink forwarding, then the target eNB may use it in a Status Report message sent to the UE over the radio.
For each E-RAB for which the DL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall use it to mark with the value contained in the PDCP-SN IE of this IE the first downlink packet for which there is no PDCP SN yet assigned. If the DL COUNT Value Extended IE or DL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the DL COUNT Value Extended IE or PDCP-SN Length 18 IE of the DL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the DL COUNT Value IE.

For each E-RAB for which the UL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall not deliver any uplink packet which has a PDCP SN lower than the value contained in the PDCP-SN IE of this IE. If the UL COUNT Value Extended IE or UL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the UL COUNT Value Extended IE or PDCP-SN Length 18 IE of the UL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the UL COUNT Value IE.


Observation 1:  The 8.2.2.1 General Section has specifically defined the source and target en-gNB for EN-DC; however, only “eNB” is used in the behavioural text about how COUNT values are used. As the behavior should be applied to EN-DC as well, en-gNB should be added in the corresponding texts.
Proposal 1: Add en-gNB in the corresponding specification text as the source and target en-gNB are defined in TS36.423.
Observation 2: The target eNB or en-gNB, if received in the SN Status Transfer message for an E-RAB, 
· For DL COUNT Value, the target eNB or en-gNB shall use it to mark with the value contained in the PDCP-SN the first downlink packet for which there is no PDCP SN yet assigned

· For UL COUNT Value, the target eNB or en-gNB shall not deliver any uplink packet which has a PDCP SN lower than the value contained in the PDCP-SN 

2.2 PDCP Version Change and Sequence Number assignment
In the current specification, it is captured in TS 37.340 that the target node of SN Status Transfer message may configure different PDCP version from the source node in the EN-DC operation.
Section 4.2.2 

	For EN-DC, the network can configure either E-UTRA PDCP or NR PDCP for MN terminated MCG bearers while NR PDCP is always used for all other bearers.
…
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Figure 4.2.2-1: Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in MR-DC with EPC (EN-DC)


Section 8.3

	-
…

-    PDCP version change for DRB (only applicable for EN-DC) or PDCP SN length change for an AM DRB or RLC mode change for DRB is performed using a release and add of the DRBs (in a single message) or full configuration;

-    One step (direct) bearer type change with PDCP version change (only applicable for EN-DC) is supported.


Observation 3: The target node of SN Status Transfer message may configure different PDCP version from the source node in the EN-DC operation and release and add of the DRBs may be used
· SN Addition

· MN to eNB (Handover to standalone)
· eNB to MN (Handover to EN-DC)

· SN Release (EN-DC to standalone)
· SN Modification (Termination point change)
Take the bearer termination point change from MeNB to SgNB as an example. In case that the MeNB configures a RLC AM mode for the MeNB terminated DRB, the MeNB sends a SN Status Transfer message to the SgNB and performs data forwarding according to the current protocol captured in the background. The MeNB includes a DL COUNT value in the SN Status Transfer message. The DL COUNT value consists of a PDCP-SN (assume the PDCP-SN = 50, i.e., the sequence number which the SgNB should assign for the next DL SDU) and a HFN.  When the SgNB receives the SN Status Transfer message, the SgNB assigns the PDCP-SN to the first downlink PDCP SDU of the SgNB terminated DRB which the SgNB is going to transmit. The SgNB encrypts the first downlink PDCP SDU to a first encrypted downlink PDCP SDU using the HFN. The SgNB generates a PDCP PDU including the PDCP-SN and the first encrypted downlink PDCP SDU and transmits the PDCP PDU via the SgNB terminated DRB to the UE. However, the UE establishes a NR PDCP entity for the SgNB terminated DRB and determines PDCP SDUs which the UE is going to receive have PDCP SNs starting from zero by the NR PDCP entity. Therefore, when the UE receives the PDCP PDU including the PDCP-SN 50, the UE determines that PDCP PDUs (or PDCP SDUs) with PDCP SNs from 0 to 49 are missing. The UE waits for the SgNB to transmit the PDCP PDUs (or PDCP SDUs) with the PDCP SNs from 0 to 49 but the SgNB never transmits these PDCP PDUs. Consequently, the UE is stuck in receiving PDCP PDUs for the SgNB terminated DRB. 

Similarly, the MeNB includes a UL COUNT value in the SN Status Transfer message for the MeNB terminated DRB. The UL COUNT value consists of a PDCP-SN and a HFN. As specified in TS36.423, the SgNB shall not deliver any uplink packet with PDCP SN lower than the received PDCP-SN in the SN Status Transfer message to the core network. Assumed that the MeNB received from the UE 5 PDCP SDUs associated to sequence numbers 50, 52, 54, 56, and 58 respectively, sends the SN Status Transfer message indicating 51 (i.e., the sequence number of the first missing UL SDU) in the PDCP-SN of the UL COUNT Value, and forwards the received PDCP SDUs to the SgNB. However, the UE establishes a NR PDCP entity for the SgNB terminated DRB. The UE assigns PDCP SNs to PDCP SDUs to be transmitted and the PDCP SNs starts from 0 by the NR PDCP entity. For each of PDCP SDUs, the UE encrypts it to an encrypted PDCP SDU and generates a PDCP PDU including an assigned PDCP SN and the encrypted PDCP SDU. For example, the UE assigns PDCP SNs 0, 1, …, 49 to the 50 PDCP SDUs to be transmitted and encrypts the 50 PDCP SDUs to 50 encrypted PDCP SDUs. For each of the 50 encrypted PDCP SDUs, the UE generates a PDCP PDU including a corresponding PDCP SN and the encrypted PDCP SDU. The UE transmits the 50 PDCP PDUs to the SgNB. As a result, the SgNB drops the 50 PDCP PDUs received from the UE with sequence numbers starting from 0 to 49 since the current specification does not allow the SgNB to deliver the 50 PDCP SDUs to the core network. This causes undesirable errors in the upper layer applications.
Observation 4: The target node of SN Status Transfer message configuring PDCP version different from the source node in the EN-DC operation may cause errors as the UE and the target node may expect different sequence numbers for the upcoming PDCP PDUs.
There could be two options to address the above issue.
1. The source node does not send the SN Status Transfer message to the target node if the target node would need to change the PDCP version 

2. The target node ignores the information received in the SN Status Transfer message if the target node performs PDCP version change for the corresponding E-RAB
To achieve option1, as the source node may not necessarily know the decision whether the target node performs PDCP version change for the corresponding E-RAB, in some cases, e.g. the SN Release, extra information for the target node to signal this decision to the source node is needed. Considering the specification impact, we suggest adopting the option 2 to address the aforementioned problem. Note that the target en-gNB (i.e., SgNB) can infer whether the corresponding E-RAB/DRB needs PDCP version change by checking the mcg-RB-Config IE in the CG-ConfigInfo from the MeNB to SgNB Container.
	mcg-RB-Config

Contains all of the fields in the IE RadioBearerConfig used in MCG, used by the SN to support delta configuration to UE, for bearer type change between MN terminated bearer with NR PDCP to SN terminated bearer. It is also used to indicate the PDCP duplication related information for MN terminated split bearer (whether duplication is configured and if so, whether it is initially activated) in SN Addition/Modification procedure. Otherwise, this field is absent.


Proposal 2: The target eNB or en-gNB performing PDCP version change for an E-RAB during EN-DC operations as per TS 37.340 shall ignore the information received in this message.
If RAN3 agreed to adopt proposal 1 and 2, the stage 3 CR for TS36.423 [2] and the stage 2 CR for TS37.340 [3] are to be considered.
Proposal 3: If the proposal 2 is agreeable to RAN3, discuss whether to capture it in stage 3 or stage 2.

3 Refrences

[1]  RAN3#105bis EOM Chairman’s Note 
[2]  R3-196912, CR1364r2, Correction to SN Staus Transder considering PDCP verison change_36.423 
[3]  R3-196932, Correction to SN Staus Transder considering PDCP verison change_DraftCR_37.340 

4 Conclusion and Proposal

In this paper we clarify why the target node of SN Status Transfer message will cause errors if the target node performs PDCP version change for the corresponding E-RAB/bearer and apply the received SN information. We have the following observations and  proposals.
Observation 1:  The 8.2.2.1 General Section has specifically defined the source and target en-gNB for EN-DC; however, only “eNB” is used in the behavioural text about how COUNT values are used. As the behavior should be applied to EN-DC as well, en-gNB should be added in the corresponding texts.
Proposal 1: Add en-gNB in the corresponding specification text as the source and target en-gNB are defined in TS36.423.

Observation 2: The target eNB or en-gNB, if received in the SN Status Transfer message for an E-RAB, 

· For DL COUNT Value, the target eNB or en-gNB shall use it to mark with the value contained in the PDCP-SN the first downlink packet for which there is no PDCP SN yet assigned

· For UL COUNT Value, the target eNB or en-gNB shall not deliver any uplink packet which has a PDCP SN lower than the value contained in the PDCP-SN 

Observation 3: The target node of SN Status Transfer message may configure different PDCP version from the source node in the EN-DC operation and release and add of the DRBs may be used

· SN Addition

· MN to eNB (Handover to standalone)

· eNB to MN (Handover to MR-DC)

· SN Release (MR-DC to standalone)

· SN Modification (Termination point change)

Observation 4: The target node of SN Status Transfer message configuring PDCP version different from the source node in the EN-DC operation may cause errors as the UE and the target node may expect different sequence numbers for the upcoming PDCP PDUs.

Proposal 2: The target eNB or en-gNB performing PDCP version change for an E-RAB during EN-DC operations as per TS 37.340 shall ignore the information received in this message.
Proposal 3: If the proposal 2 is agreeable to RAN3, discuss whether to capture it in stage 3 or stage 2.
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