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1 Introduction

In this contribution, we discuss about a potential issue on UL PDCP duplication when the UE wants to transmit a first UL data packet in which mapping rule is not configured, and finally propose solutions. The following is a summary of agreements related to this issue.
In RAN2#98[1], RAN2#Adhoc2[2], and RAN2#99[3] meetings, RAN2 made following agreements related to PDCP duplication:

Agreements

1. UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

3. RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.

4. MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Agreements
1. For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.
Agreements

1. For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

2. 1byte bitmap could be used as duplication activation/deactivation MAC CE

3. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)
In Addition, RAN2 also made following agreements related to QoS flow and default DRB in RAN2#95bis[4], RAN2#96[5], and RAN2#97[6] meetings:
Agreements

1. RAN determines the mapping relationship between QoS flow (as determine by the UE in UL or marked by the CN in DL) and DRB for UL and DL.

2. If the first packet of the flow is UL packet, if no mapping rule is configured in the UE, the packet is sent through default DRB to the network.
Agreements

1. For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.
2. The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
3. RRC can configure an uplink mapping
Agreements

1. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.
2 Discussion
As per agreements, the gNB can control the activation/deactivation of the UL PDCP duplication by using a MAC CE. The MAC CE consists of a bitmap corresponding to DRBs, and the UE which receives the MAC CE activates the UL PDCP duplication. After the activation, the UE duplicates the packets which is transmitted to the activated DRBs. In other words, the UE determines whether to perform packet duplication or not depending on the DRB.
In UL PDCP duplication, the activating of the DRB is performed by the gNB, and the mapping of data packets to the DRB is performed by the UE according to a rule. If the first packet of the QoS flow is UL packet, the packet is sent through the default DRB. 
However, applying this behaviour to situations in which PDCP duplication is activated can cause problems. For example, when the duplication is activated for some DRBs except the default DRB, the UE can’t perform the PDCP duplication for a new URLLC data packet. Because there may be no mapping rule for a new QoS flow. It can cause a problem that the gNB may not receive this URLLC data packet or fail to decode this URLLC data packet. Because the situations where PDCP duplication is activated can be assumed that the uplink channel quality is not good.
If the UE wants to transmit a new data packet, the UE will send SR/BSR. But the SR/BSR information doesn’t indicate the data packet’s characteristic, so the gNB cannot know this new data packet’s QoS until the gNB receive this data packet. This mean that the gNB doesn’t guarantee the reliability for the new data packet which has a new QoS flow ID, even though this data packet requires the high QoS.
So we should consider this issue, and there are 3 solutions we propose.
Solution 1: the gNB should always configure the default DRB to activate the UL PDCP duplication.

· The UE always supports the UL PDCP duplication for the default DRB.
Solution 2: the gNB should always configure the activation MAC CE indicating the default DRB’s activation.
· When the gNB determines the activation of the UL PDCP duplication for at least one DRB, the gNB should always activate the UL PDCP duplication on the default DRB via MAC CE.
Solution 3: the UE can autonomously activate the UL PDCP duplication on the default DRB.

· The UE can autonomously activate the default DRB according to a predefined rule. This rule could be estimation of uplink channel quality or a pre-defined QoS flow ID. (standardized QFI)
· Or the UE can autonomously activate the default DRB when the UE receives the MAC CE indicating the activation of the UL PDCP duplication for at least one DRB. Even if this MAC CE doesn’t indicate the default DRB’s activation, the UE can activate the PDCP duplication on the default DRB.
In solution 1 case, we think it is the simplest solution to solve this issue. But by doing this, efficiency could be reduced on the aspects of throughput.
In solution 2 case, we think it is another simple solution, and it has advantage that the gNB can control the activation/deactivation of the UL PDCP duplication depending on the situation. But by doing this, when the UE wants to transmit a new data packet which requires high QoS, this transmission could not be successful if the gNB does not indicate the activation of the UL PDCP duplication.
In solution 3 case, we think it has advantage that it can prevent indiscretion of UL PDCP duplication by configuring the certain conditions. The conditions can be the estimation of the uplink channel quality, pre-defined QoS flow ID, or the reception of the MAC CE. When the UE estimates the uplink channel quality, the UE can use uplink HARQ process by counting the number of retransmissions, or a preamble by receiving the RAR in which the TA value and uplink transmission power are set. Besides, the UE can use the pre-defined QoS flow ID for the data packet with high QoS (e.g. URLLC). When the packet which has pre-defined QoS flow ID is transmitted to the default DRB, the UE can autonomously perform the UL PDCP duplication on that packet. Also, when the UE receives MAC CE indicating the activation for at least one DRB, the UE can estimate the UL PDCP duplication is needed, and autonomously perform the UL PDCP duplication. 
But in solution 1, 2 and 3 case, the PDCP duplication can be performed to all data packets transmitted to the default DRB. But the gNB can prevent the unnecessary UL PDCP duplication by mapping the QoS flow ID to the DRB whose UL PDCP duplication is not activated. 
The gNB can’t grasp all the QoS flow IDs of the uplink data packets to be transmitted by the UE. Therefore, even if the UL PDCP duplication is activated for reliable transmission of data, it may happen that UL PDCP duplication is not applied. Therefore, these solutions are needed.
Proposal 1: RAN2 should make a down-selection for the three solutions for UL PDCP duplication of default DRB.

Solution 1: the gNB always configure the default DRB to activate the UL PDCP duplication.


Solution 2: the gNB should always configure the activation MAC CE indicating the default DRB’s activation.

Solution 3: the UE autonomously activates the UL PDCP duplication on the default DRB.
3 Conclusion

In this contribution, we provide our view on the remaining issue of the UL PDCP duplication for NR. Based on the discussion, the following proposal is drawn:
Proposal 1: RAN2 make a down-selection for the three solutions for UL PDCP duplication of default DRB.


Solution 1: the gNB always configure the default DRB to activate the UL PDCP duplication.


Solution 2: the gNB should always configure the activation MAC CE indicating the default DRB’s activation.

Solution 3: the UE autonomously activates the UL PDCP duplication on the default DRB.
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