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1. Introduction

In RAN2#98 meeting, we made following agreements:

Agreements

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

FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2
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.

Agreements for duplication in CA case

1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

In this contribution, we discuss which leg should be used if UL PDCP duplication is not active. Besides, we further discuss UE behaviours upon activation/deactivation of UL PDCP duplication.
2. Discussion

In LTE, when a radio bearer is added to a UE, the UE will establish a PDCP entity and a RLC entity corresponding to the radio bearer. Following the same principle, when a radio bearer is added to a NR UE, the NR UE will establish a corresponding PDCP entity and a corresponding RLC entity (so called e.g. “base RLC entity”). If the radio bearer is configured with UL PDCP duplication, then the NR UE will establish an extra RLC entity (so called e.g. “duplicate RLC entity”) in order to support the UL PDCP duplication.
Currently, it is not clear how to determine a leg to use if the initial state of the UL PDCP duplication is not active. Besides, it is also not clear how to select a leg to use when the UL PDCP duplication is deactivated. For simplicity, we think that the UE does not use the leg related to the duplicate RLC entity if the UL PDCP duplication is not active i.e. the PDCP entity does not submit the PDCP PDUs to the duplicate RLC entity for the UL PDCP duplication deactivated. Regarding whether the initial state of the UL PDCP duplication should be a default or signalled by RRC, we prefer it should be signalled by RRC for flexible network control.
Proposal 1:  PDCP PDUs are not submitted to the RLC entity associated with a leg transmitting duplicate PDCP PDUs when UL PDCP duplication is not active.

Proposal 2:  RRC signals the initial state of UL PDCP duplication. 

In RAN2#98 meeting, we agreed that RRC configures mapping of the 2 duplicate LCHs to different carriers. If the mapping rule is still applied in LCP when the UL PDCP duplication is not active, the network may not have flexibility on resource allocation. For example, a carrier#1 is mapped to the LCH of the base RLC entity and a carrier#2 is mapped to the LCH of the duplicate RLC entity. When the UL PDCP duplication is not active, the UE has data available for transmission on the LCH of the base RLC entity but the network cannot schedule the UE on the carrier#2 due to the mapping rule. If this is the case, the network may reconfigure the mapping rule, e.g. changing the carrier#1 for the duplicate RLC entity and the carrier#2 for the base RLC entity. However, this reconfiguration may cause RRC signalling overhead. In our view, the mapping rule is not needed since there is no difference between the UL transmission using UL PDCP duplication deactivated and the UL transmission not configuring the UL PDCP duplication. Therefore, the mapping rule should not be applied when the UL PDCP duplication is not active. By this way, when the UL PDCP duplication is not active and the mapping rule is not applied, the network can flexibly schedule the UE on the carrier#1 or the carrier#2 for serving the leg related to the base RLC entity based on e.g. channel condition or resource congestion.
Proposal 3:  The mapping of the 2 duplicate LCHs to different carriers should not be applied when UL PDCP duplication is not active. 

In the following, we further discuss UE behaviours upon activation and deactivation of UL PDCP duplication.
1.1 PDCP duplication switch from deactivation to activation
During the deactivation of UL PDCP duplication, the PDCP PDUs may be transmitted on a single carrier with good radio quality. According to [1], activation of UL PDCP duplication was also discussed. It proposed that the activation of duplication applies to new PDCP PDUs and last N transmitted PDCP PDUs for UM mode. The concept of the Proposal 2 in [1] could be illustrated in Figure 1. In the Figure 1, it is assumed that N is set to three so that activation of UL PDCP duplication applies to last three transmitted PDCP PDUs (e.g. #2, #3 and #4). In this case, it is not necessary to duplicate and transmit again the PDCP PDU#2. 


[image: image1]
Figure 1: Illustration of Proposal 2 in [1].

When the network detects the radio link becomes poor (based on e.g. measurement report), it will indicate the UE to activate UL PDCP duplication. In fact, it is not possible that UL PDCP duplication is activated immediately when radio quality becomes poor, i.e. there is a reaction time between detection of radio quality and activation of UL PDCP duplication. During the reaction time, the UE may have generated several PDCP PDUs (e.g. #3 and #4) transmitted with lower reliability. The scenario could be illustrated in Figure 2.

[image: image2]
Figure 2: Timeline of activation of PDCP duplication.

Compared with [1], it seems better to duplicate and transmit again those PDCP PDUs transmitted within such reaction time in order to promise reliability for transmission of those PDCP PDUs. 
Proposal 4:  UL PDCP duplication should be applied to the PDCP PDUs transmitted within a period before activation of UL PDCP duplication. 
Proposal 5:  The period for applying UL PDCP duplication before activation of UL PDCP duplication can be configured by the network. How to indicate the period is FFS.
1.2 PDCP duplication switch from activation to deactivation
On the other hand, when the network detects the radio link becomes good, it will indicate the UE to deactivate the PDCP duplication. Similarly, it is not possible that UL PDCP duplication is deactivated immediately when radio quality becomes good, i.e. there is a reaction time between detection of radio quality and deactivation of PDCP duplication. During the reaction time, the UE may have generated several duplicate PDCP PDUs waiting for transmission. In fact, it is not needed to waste resources for transmission of duplicate PDCP PDUs. 
In order to avoid unnecessary transmission of duplicate PDCP PDUs, the UE should perform re-establishment procedure on the RLC entity associated with a leg transmitting duplicate PDCP PDUs to discard those pending duplicate PDCP PDUs.
Proposal 6:  Deactivation of UL PDCP duplication should trigger RLC re-establishment procedure on the RLC entity associated with a leg transmitting duplicate PDCP PDUs.
3. Conclusion

In this contribution, we propose the following:
Proposal 1:  PDCP PDUs are not submitted to the RLC entity associated with a leg transmitting duplicate PDCP PDUs when UL PDCP duplication is not active.

Proposal 2:  RRC signals the initial state of UL PDCP duplication. 

Proposal 3:  The mapping of the 2 duplicate LCHs to different carriers should not be applied when UL PDCP duplication is not active. 

Proposal 4:  UL PDCP duplication should be applied to the PDCP PDUs transmitted within a period before activation of UL PDCP duplication.
Proposal 5:  The period for applying UL PDCP duplication before activation of UL PDCP duplication can be configured by the network. How to indicate the period is FFS.
Proposal 6:  Deactivation of UL PDCP duplication should trigger RLC re-establishment procedure on the RLC entity associated with a leg transmitting duplicate PDCP PDUs.

4. Reference

[1] R2-1702642 Duplication Impacts to PDCP, Nokia, Alcatel-Lucent Shanghai Bell
Radio link becomes poor





Activation of PDCP duplication





PDCP duplication is not needed





PDCP duplication is needed





Original PDCP PDUs 





Original PDCP PDUs 





Time





Reaction time





#1





#2





#3





#4





#3





#4





L2 Signalling





Duplicate PDCP PDUs 





#2





For example, N = 3.





Radio link becomes poor





Activation of PDCP duplication





PDCP duplication is not needed





PDCP duplication is needed





Original PDCP PDUs 





Original PDCP PDUs 





Original + duplicate PDCP PDUs 





Time





Reaction time





#1





#2





#3





#4





#5





#3





#4





L2 Signalling





Duplicate PDCP PDUs 








