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1 Introduction

In RAN2 SI stage, a new function named PDCP duplication was discussed to support the reliable data transmission, and some related descriptions can be found in TR38.804 as follows [1]: 
	The main services and functions of the PDCP sublayer for the user plane include:
…
-
Duplication of PDCP PDU in case of multi-connectivity and CA.

…
The main services and functions of the PDCP sublayer for the control plane include:
…
-
Duplication of PDCP PDU in case of multi-connectivity and CA.
For DL and UL PDCP PDU, PDCP duplication to more than one logical channel is used for Carrier Aggregation so that the duplicated PDCP PDUs are sent over different carriers.

NOTE 2:
It is FFS whether the PDCP PDU duplication for CA is realised by a single or two MAC entities.


Moreover, the discussions on PDCP duplication are ongoing in NR WI stage, and the agreements reached in last two RAN2 meetings (i.e., RAN2#97bis and RAN2#98) are shown as follows:

	Agreements:
1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)
2: only one additional leg is configured for PDCP duplicates.
3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)
4: PDCP duplication solution for CA requires only one MAC entity.
5:  logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA)

	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.
Agreement
=>
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 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


It can be observed that PDCP duplication, as the function of PDCP layer, can be supported in CA case, and the duplicated PDCP PDU will be submitted to two different RLC entities, respectively. In this contribution, we will address PDCP duplication support under high layer split framework. 
2 Discussion 
In NR, some services may have high reliability requirement, and the channel status of the serving cell may not achieve this requirement alone. Thus, RAN2 discussed PDCP duplication so that the PDCP PDU can be duplicated and transmitted via two different carriers between gNB and UE. This function can be supported in both multi-connectivity and CA cases. According to latest RAN2 agreements, the PDCP duplication in CA case can be performed at UE side as shown in Fig. 1. For UL, an PDCP PDU belonging to the DRB enabling PDCP duplication function will be duplicated in PDCP layer and then transmitted to two different RLC entities. After that, the packet is conveyed to the same MAC via two different logical channels. At MAC layer, the logical channel mapping restriction indicates that the packet from logical channel 1 can be transmitted to carrier 1 only, while that from logical channel 2 can be sent via carrier 2 only. Similar procedure can be observed for DL case. From the figures, we can observe that PDCP duplication is one of PDCP layer functions. 
Observation: PDCP duplication is a PDCP layer function. 
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Fig. 1 PDCP duplication at UE side for CA case

Under high layer split framework, PDCP layer is located at gNB-CU, and RLC/MAC/PHY layers are located at gNB-DU. Thus, how to transmit duplicated PDCP PDU over F1 interface is an open issue. Since PDCP duplication is regarded as the PDCP layer function, the PDCP PDU duplication should be handled in gNB-CU. 
Proposal 1: PDCP duplication is implemented in gNB-CU. 

Taking the DL DRB transmission as an example, the duplicated PDCP PDU can be transmitted over F1 via two different methods, as shown in Fig. 2.
· Method 1: duplicated PDCP PDU over two different F1-U tunnels

In this method, as shown in Fig. 2 (a), for the same DRB, the two duplicated PDCP PDUs from PDCP layers are transmitted from gNB-CU to gNB-DU over two different F1-U tunnels. Thus, different from the intuitive understanding of one-to-one mapping between DRB and F1-U tunnel, this method allows that two F1-U tunnels can be set up for one DRB. With this method, the gNB-DU is unnecessary to identify the duplicated PDCP PDUs. 

· Method 2: duplicated PDCP PDU over one F1-U tunnels   
In this method, as shown in Fig. 2(b), for the same DRB, the two duplicated PDCP PDUs are transmitted through the same F1-U tunnel. Thus, gNB-DU needs to identify two duplicated PDCP PDUs and then submitted them to two different RLC entities. To achieve this, the two duplicated PDCP PDUs can be marked with the same sequence number when transmitting over F1 interface. In this method, some enhancements over F1 interface (e.g., F1-U protocol, or GTP-U protocol) may be needed, and also the gNB-DU should provide the duplicated PDCP PDU detection function. 
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Fig. 2 Duplicated PDCP PDU transmission over F1-U

Similarly, the UL data transmission over F1 also has such two options. Technically, both methods are workable, and enable the transmission of duplicated PDCP PDU. In Method1, two F1-U tunnels should be configured for one DRB. While in Method2, the F1 interface should be enhanced to mark the same sequence number and the gNB-DU needs the function of detecting the two duplicated PDCP PDUs. Thus, the Method1 has smaller impact than Method2.
Proposal 2: F1 interface should support the transmission of duplicated PDCP PDUs from one DRB via two F1-U tunnels.  

3 Conclusions
In this contribution, we discuss the support of PDCP duplication under high layer split framework, and we propose:

Observation: PDCP duplication is a PDCP layer function.
Proposal 1: PDCP duplication is implemented in gNB-CU.
Proposal 2: F1 interface should support the transmission of duplicated PDCP PDUs from one DRB via two F1-U tunnels.
The proposed stage 2 TP has been given in [2]. 
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