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1 Introduction

In RAN2#106 meeting, RAN2 had a discussion on PDCP reordering issue during the MCG failure recovery as follows:
R2-1907506
Discussion on PDCP SN issue for MCG failure recovery
Huawei, HiSilicon
discussion
Rel-16
LTE_NR_DC_CA_enh-Core

-
Ericsson wonder if we have these things for the SCG failure information as the same could happen if we have a split SRB. Also think that max RLC will eventually trigger re-establishment.

-
OPPO think this is motivation to support SRB3 for the failure report.

-
Samsung think this can be resolved by gNB implementation of out of sequence delivery. 

-
Vivo think this issue will be very rare and the UE can go to re-establishment.

-
DOCOMO think we can suspend MCG transition when the RLF occurs and thin we can follow alternative 1. LG have the same view as DOCOMO.

-
Qualcomm think this issue may happen but prefer not to resolve by PDCP changes. 

-
MediaTek think  there is no issue as there is always UL duplication is always on for split SRB. DOCOMO do not have this understanding.

=>
We will not introduce any mechanism to address this issue resulting from PDCP in sequence delivery.

RAN2 agreed not to introduce any mechanism at least for uplink side, since understanding of majority was that the split SRB1 is used only for duplication, not for normal split bearer. This contribution clarifies the status of the split SRB1 and discusses the similar issue in downlink. 
2 Configuration of Spilt SRB and Duplication
In NR RRC [1], pdcp-Duplication is configured by PDCP-config as follows: 
moreThanOneRLC          SEQUENCE {

        primaryPath             SEQUENCE {

            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R

            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R

        },

        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL, -- Cond SplitBearer

        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
}

	pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates whether duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the initial state of the duplication. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB.


The intention of this field is to indicate two things: 1) whether PDCP duplication is configured or not and 2) initial state of the PDCP duplication. Thus we have three cases of configuration of this field:

· Case 1) pdcp-Duplication is not present: PDCP duplication is not configured. This bearer is just a split bearer. 
· Case 2) pdcp-Duplication is present and the value is true: The PDCP duplication is configured and the initial state is “activated”, i.e. UE performs the duplication.
· Case 3) pdcp-Duplication is present and the value is false: The PDCP duplication is configured and the initial state is “deactivated”, i.e. UE does not perform the duplication until the activation/deactivation MAC CE indicates the activation for the bearer. But for SRB, the activation/deactivation by MAC CE is not supported. That’s why the field description mentions “The value of this field is always true, when configured for a SRB.”
The latest agreement on the split SRB was made during RAN2#103bis meeting as follows:
Agreements (RAN2#103bis)

1: In EN-DC, for UL split SRB, primary path is always MCG.

2: In NGEN-DC, NE-DC and NR DC, for UL split SRB, primary path is always MCG.

(Note: Still possible for UL duplication to be configured for an SRB)

The agreement above was about how to set the primary path which is a valid issue under the assumption that pure split SRB operation is supported. This means that the split SRB not configured with duplication is supported at least for all NR-DC options.
Observation 1. In Rel-15, UL split bearer not configured with PDCP duplication is supported.
3 Reordering Problem
3.1 Downlink
The discussion during RAN2#106 meeting was about uplink case. But we think downlink reordering is a problem. In downlink, whether to use split bearer and whether to perform duplication are totally up to gNB implementation. Thus this is a valid problem, irrespective of uplink configuration. The scenario described in Figure 1 is:

1. gNB transmits SRB PDU#5 but UE does not receive it. gNB does not know whether is successfully delivered or not.

2. MCG failure is detected and MCG recovery via split SRB1 is triggered. 

3. UE transmits MCGFailureInformation via split SRB1.

4. gNB sends SRB PDU#6 to resolve the MCG failure. Since PDU#5 is not received, PDU#6 is buffered permanently with infinity reordering timer value which is default SRB1 configuration. Even if finite reordering timer value is re-configured, PDU#6 experiences long delay with which UE does not enjoy the benefit of fast recovery.
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Figure 1. Downlink reordering problem in MCG fast recovery

To resolve the scenario, we may need to choose one of the following options:
A. PDCP data recovery-like retransmission: At reception of MCGFailureInformation, gNB retransmits unacknowledged PDCP PDUs via split SRB1. In Figure 1, gNB retransmits PDU#5 and transmits PDU#6 for in-sequence delivery.

B. Out-of-sequence delivery for SRB PDU at MCG failure: When MCG failure is detected or MCGFailureInformation is transmitted, reordering timer value is set to 0 or UE delivers SRB PDU out-of-order.
C. Indication of out-of-sequence delivery in PDCP header: gNB includes 1-bit indicator of out-of-sequence delivery of the recovery message in PDCP header.

We think option C is not necessary because solutions without 1-bit indication seem to work. Option A mandates unnecessary transmission of outdated reconfiguration message to UE. Since UE is aware of the MCG failure, UE can perform the out-of-sequence delivery for SRB PDU at MCG failure. 
Proposal 1. Upon MCG failure is detected, UE performs out-of-sequence delivery for SRB PDU or reordering timer value is set to 0. 
3.2 Uplink
In RAN2#106, uplink reordering problem [2] described in Figure 1 was discussed. The scenario is:

1. UE transmits PDU#2 but gNB does not receive it.

2. MCG failure is detected and MCG recovery via split SRB1 is triggered. 

3. UE transmits MCGFailureInformation in PDU#3. Since gNB does not receives PDU#2, MCGFailureInformation experiences long delay or is even buffered at PDCP buffer. 
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Figure 2. Uplink reordering problem in MCG fast recovery

Similar to downlink, we may have the following options:
A. PDCP data recovery-like retransmission: At reception of MCGFailureInformation, UE retransmits unacknowledged PDCP PDUs via split SRB1. In Figure 2, UE retransmits PDU#2 and transmits PDU#3 for in-sequence delivery. 
B. Out-of-sequence delivery for SRB PDU at MCG failure: When MCGFailureInformation is received, gNB set the reordering timer value to 0 or gNB delivers SRB PDU out-of-order.

C. Indication of Out-of-sequence delivery in PDCP header: UE includes 1-bit indicator of out-of-sequence delivery of the recovery message in PDCP header.

For uplink case, gNB implementation-based out-of-sequence delivery (B) works by for instance monitoring of SRB PDU whether it is MCGFailureInformation or not or whether the RRC message is received via the secondary RLC (SCG RLC). Since the amount of uplink SRB PDU is not much, gNB’s monitoring seems not a big burden. Then we prefer to leave it to NW implementation.
Proposal 2. Uplink reordering problem at MCG recovery via SRB1 is resolved by gNB implementation. 

4 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Observation 1. In Rel-15, UL split bearer not configured with PDCP duplication is supported.

Proposal 1. Upon MCG failure is detected, UE performs out-of-sequence delivery for SRB PDU or reordering timer value is set to 0. 
Proposal 2. Uplink reordering problem at MCG recovery via SRB1 is resolved by gNB implementation. 
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