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1 Introduction

In RAN3#97, the following agreements are reached regarding to the packet duplication [1]:

	gNB-CU manages PDCP duplication
For intra-DU CA, two F1-U tunnels are set up to distinguish duplicated PDCP PDUs belonging to the same DRB (FFS for UL).


 In this contribution, we will further address some details on packet duplication for intra-DU CA.
2 Discussion 
According to RAN2 discussions on PDCP duplication, the intention is to improve the reliability and reduce the latency. To determine whether UL needs two or one tunnel, we need compare them by considering the impact to the reliability and latency. 

1) Reliability 

With CU-DU split, the reliability would be impacted due to the transmission over F1 interface. If one tunnel is used to transfer the duplicated UL packets from gNB-DU to gNB-CU, the reliability will be completely relied on the performance of such tunnel. Due to the characteristics of GTP-U protocol, some packet loss may occur. In this case, both duplicated UL packets may be lost. However, if two F1-U tunnels are used to, respectively, transmit the duplicated UL packets, the reliability can be guaranteed better than one tunnel considering the diversity provided by two tunnels.  

Observation 1: For UL packet duplication, the two F1-U tunnels can provide better reliability performance than one tunnel. 

2) Latency reduction
In general, the data can be transmitted more quickly by using two tunnels than one tunnel. For example, as shown in Fig. 1, the arriving order of the duplicated UL packets (i.e., packets 1~4) from two RLC entities (e.g., RLC entity 1 and RLC entity 2) in gNB-DU are given in Fig. 1 (a), and the 8 packet in Fig. 1 (a) can be arrived within the period less than T. We assume that one packet is transmitted over the tunnel with period of T.  Considering the first-in-first-out principle, the packets arrived from two RLC entities should be buffered at gNB-DU. In Fig. 1 (b), with one tunnel, the 8 packets are transmitted to gNB-CU by taking 8T period. While in Fig. 1 (c), with two tunnels, the 8 packets are transmitted to gNB-CU by taking 4T period. With packet duplication, the gNB-CU only needs to receive one of the two duplicated packets. Thus, as Fig. 1 (b)&(c), the one tunnel transmission will delay the reception of packet 4 by the period of T compared to the two tunnel transmission.
Observation 2: For UL packet duplication, the one F1-U tunnel can delay the reception of the duplicated packets compared to two F1-U tunnels.
On the other hand, for one tunnel transmission, if the packet 4 from RLC entity 2 is lost during the transmission, the gNB-CU can only receive the packet 4 from RLC entity 1 at 8T. While for two tunnels, even if packet 4 from RLC entity 2 is lost, the packet 4 from RLC entity 1 can be received by gNB-CU at 4T. 
Observation 3: For UL packet duplication, the one F1-U tunnel can further delay the reception of the duplicated packets compared to two F1-U tunnels if there is packet lost. 

In addition, a DRB normally includes both DL and UL traffic (e.g., the TCP packet is in DL, while the TCP ACK packet is in UL).  If UL traffic uses one tunnel, the latency of the UL traffic will be increased. Consequently, the DL traffic will be delayed as well even if two tunnels are used for DL.
Observation 4:  For a DRB including both DL and UL traffics, the DL traffic will be delayed due to the latency increase of UL traffic by using one F1-U tunnel.  
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Fig. 1 One F1-U tunnel vs. two F1-U tunnel
With the above observations, we propose

Proposal 1: RAN3 is kindly asked to agree with that two F1-U tunnels are set up to distinguish duplicated PDCP PDUs belonging to the same DRB for UL. 
At gNB-DU side, to support packet duplication, two RLC entities and two logical channels should be configured for the same DRB. Moreover, the logical channel restriction should be indicated so that the data from different logical channels are sent or received via different cells. Given that two F1-U tunnels are configured for a DRB, the gNB-CU can indicate the mapping relationship between two F1-U tunnels and the configured RLC entities at gNB-DU side. With this indication, the RLC entity configuration can be adaptively modified considering the status of the air interface and the corresponding F1-U tunnel. 
Proposal 2: RAN3 is kindly asked to agree with that the mapping relationship between the two F1-U tunnels and the RLC entities for the DRB should be indicated to gNB-DU. 

3 Conclusions
In this contribution, we further discuss PDCP duplication for intra-DU CA case. We have the following observations:
Observation 1: For UL packet duplication, the two F1-U tunnels can provide better reliability performance than one tunnel. 

Observation 2: For UL packet duplication, the one F1-U tunnel can delay the reception of the duplicated packets compared to two F1-U tunnels.

Observation 3: For UL packet duplication, the one F1-U tunnel can further delay the reception of the duplicated packets compared to two F1-U tunnels if there is packet lost. 

Observation 4:  For a DRB including both DL and UL traffics, the DL traffic will be delayed due to the latency increase of UL traffic by using one F1-U tunnel.
Furthermore, we propose
Proposal 1: RAN3 is kindly asked to agree with that two F1-U tunnels are set up to distinguish duplicated PDCP PDUs belonging to the same DRB for UL.
Proposal 2: RAN3 is kindly asked to agree with that the mapping relationship between the two F1-U tunnels and the RLC entities for the DRB should be indicated to gNB-DU.
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---------------------------- Start of TP ---------------------------
9.2.2 
UE Context Management messages

9.2.2.1
UE CONTEXT SETUP REQUEST

This message is sent by the gNB-CU to request the setup of a UE context.
Direction: gNB-CU ( gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID (FFS)
	O
	
	9.3.1.5
	
	FFS
	FFS

	C-RNTI (FFS)
	O
	
	FFS
	
	
	

	Target cell ID (FFS)
	FFS
	
	FFS
	
	FFS
	FFS

	SRB to Be Setup List
	
	
	
	
	
	

	>SRB to Be Setup Item IEs
	
	1 .. <maxnoofSRBs> [FFS]
	
	
	
	

	>SRB ID
	
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs> [FFS]
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>DRB QoS profile (FFS)
	
	
	
	
	-
	

	>>Flow-level QoS profile (FFS)
	
	
	
	
	
	

	>>Flow-to-DRB mapping (FFS)
	
	
	
	
	
	

	>>E-UTRAN QoS
	O
	
	
	Used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List 
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-



Editor’s Note: The presence of APID/CRNTI/SRB/DRB depends on if this message is used to set up the UE associated logical F1 connection. It is also FFS whether gNB-DU UE F1 AP ID will be included. The naming of the GTP tunnel endpoint is FFS. 
	Range bound
	Explanation

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is FFS. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is FFS. 

	<maxnoofULTunnels>
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.


---------------------------- End of TP ---------------------------
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