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1 Introduction

This contribution discusses about procedures upon activation/deactivation of PDCP duplication.
2 Discussion
2.1 Commonality between Duplication and UL Split
UL duplication is dynamically on/off by MAC CE, i.e. activation and deactivation. When duplication is activated, a PDCP PDU is submitted to the both logical channels/CGs. When duplication is deactivated, DC UL split operation based on threshold can be applied. One benefit of this approach is that a single framework can be applied to both duplication and UL split. However, because UL split is not supported in CA duplication, this approach prevents the single framework for DC duplication and CA duplication. Duplication is designed to enhance the reliability and UL split is to enhance the uplink data rate beyond what a single link can provide. Considering that single framework for CA duplication and DC duplication is more important than single framework for DC UL split and DC duplication, and the use case of UL split is different from the use case of duplication, we need to focus more on commonality between DC duplication and CA duplication.
Observation 1:  DC duplication and UL split are separate/independent features.
Proposal 1: Commonality on procedures between DC duplication and CA duplication should be maximized.  

2.2 Procedure upon Activation
In this subsection, we discuss about procedure after duplication is activated. One thing clear is that UE should start to duplicate the packets and send to both logical channels, regardless of duplication type, i.e. DC duplication or CA duplication. Then, we need to decide which packets are duplicated after activation. We can classify packets into three types as follows:

1) Packet buffered at PDCP and not submitted to lower layer: This is either a pure PDCP SDU or pre-processed PDCP PDU. We do not see any issues or additional function to support duplication. Thus, the packets can be duplicated after activation.

2) Packet buffered at RLC but not acknowledged yet: This is not acknowledged yet and buffered for retransmission. In order to duplicate the packets, RLC entity should report the information (e.g. PDCP SN) to PDCP entity. This means that mapping table between PDCP SN and RLC SN is required. Also, those packets may be successfully delivered to the receiver but RLC status report does not arrive. Thus, duplication of those packets may be useless. In our view, duplication of this type should give additional complexity and cross-layer interactions.

3) Packet buffered at RLC but not delivered to lower layer (i.e. MAC): This is a pre-processed RLC PDU. In order to duplicate the packets, RLC entity should report the information (e.g. PDCP SN) to PDCP entity. This means that mapping table between PDCP SN and RLC SN is required. In our view, duplication of this type should give additional complexity and cross-layer interactions, as similar to the previous type.
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 Figure 1. Classification of packets at activation of duplication
Figure 1 also shows the three types of packets. By considering complexity, duplication of only the first type seems simple and reasonable. For the second and third types, not only implementation seems complicated but also packet processing is already started at transmitter side.

Proposal 2: When duplication is activated, a PDCP PDU is transmitted to both logical channels.
Proposal 3: When duplication is activated, TX PDCP entity performs duplication for packets which are not submitted to lower layer (i.e. RLC). 

2.3 Procedure upon Deactivation

In this subsection, we discuss about procedure after duplication is deactivated. In DC duplication, it is agreed to go back to split bearer operation which is configured with default leg and threshold value. In CA duplication, the carrier restriction is not applied and only one logical channel is used for the transmission. This means that a PDCU PDU is transmitted only to a single logical channel, regardless of duplication type. 
Proposal 4: When duplication is deactivated, a PDCP PDU is transmitted only to a single logical channel.

The next issue is L2 handling at deactivation of PDCP duplication. Regarding this, we can consider two options
· Option A: Ongoing transmission of deactivated leg is continued. New transmission via deactivated leg is not performed. 
· Option B: Ongoing transmission of deactivated leg is stopped immediately after the MAC CE.

Both options are feasible and both options do not require MAC reset which may degrade the delivery performance to the other logical channel due to packet loss or retransmission. 
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(a) Continued ongoing transmission
[image: image3.png]DRB
(Duplication)

sayna voisswsvenoy

sayng uossiwsuesy

LCHA

[TIT]

13,4nq uojsswsuenRY

cc2 cc3 cca

cc1




(b) Carrier restriction and deactivated LCH 
Figure 2. Example of procedure at deactivation: Option A
Figure 2 describes a procedure of option A. In option A, after deactivation, the deactivated LCH cannot stop the transmission immediately. If some PDUs are buffered in retransmission buffer, the retransmissions should be completed. Thus, the deactivated LCH cannot be excluded in LCP procedure. In this case, gNB does not know how many packets are remaining in the retransmission buffer. It is not easy for gNB scheduler to assign the proper amount of data to the UE, especially when a few DRBs are configured, this may bring delay or waste of physical resources.
RAN2 already agreed that logical channel restriction is not applied after deactivation. This means that PDUs from both LCHs may be transmitted on the same carrier (or the same transport block). It may not be effective in reliability. If we define something more, then it can be considered as a complexity of UL scheduling. 
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Figure 3. Example of procedure at deactivation: Option B
Figure 3 describes a procedure of option B. In option B, UE behaviour is simple that only activated LCH can be served by MAC entity. Instead, RX MAC entity will discard the MAC SDU for deactivated leg, after deactivation. TX MAC entity excludes the deactivated LCH immediately after the deactivation. Therefore, RLC status mismatch between TX and RX is expected. Also, RLC PDU in the retransmission buffer should be discarded and this means that RX RLC cannot receive the PDU. So, RLC re-establishment is necessary. In MR-DC case, one leg is configured with LTE RLC where some PDUs can be stored in the reordering buffer. These PDUs should be delivered to upper layer. 

In summary, option A has a bit complexity on UL scheduling whereas option B should reestablish RLC entity of the duplication leg. By considering above, we slightly prefer to option B, even though both options are feasible.

Proposal 5: When duplication is deactivated, RLC should be re-established.

Proposal 6: When duplication is deactivated, MAC should not be reset.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1: Commonality on procedures between DC duplication and CA duplication should be maximized.  

Proposal 2: When duplication is activated, a PDCP PDU is transmitted to both logical channels.
Proposal 3: When duplication is activated, TX PDCP entity performs duplication for packets which are not submitted to lower layer (i.e. RLC). 

Proposal 4: When duplication is deactivated, a PDCP PDU is transmitted only to a single logical channel.

Proposal 5: When duplication is deactivated, RLC should be re-established.

Proposal 6: When duplication is deactivated, MAC should not be reset.

