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Introduction
As discussed in RAN3#95 meeting in Athens and reflected in the Conclusions of [1], it is needed a solution for providing reliability of the transport network (TN) in the case of Option 2 split (between PDCP and RLC), as illustrated in Fig. 1. The RLC, located in DU, cannot provide an acknowledged mode for the correction of errors occurring over the transport network between the CU-DU.
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Fig. 1 CU-DU split option 2 

In this contribution we provide a simple solution which has also the benefit of faster behavior in AM (Acknowledged Mode) as compared with the split Option 3-1.

In this solution the PDU is managed separately over the transport network and air interface.

Detailed description
In our solution a Transport Link Control (TLC) function is implemented on each traffic direction. In existing implementations this function is eventually implemented within the transport network, but in our solution this function providing error detection and correction for the transport network is implemented within the cellular system, as indicated in Fig. 2. 
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Fig. 2   Solution for reliable CU-DU interface
TLC function includes a protocol stack similar with the RLC function and may support a TM, UM or AM mode.
If the traffic is in downlink direction, the TLC at the cellular entity sourcing the traffic is shown in Fig. 2 as TLC-A, encompassing all the entities of traffic sourcing TLC, while the pair TLC entity including all TLC entities receiving the traffic is noted as TLC-B.
The configuration of the TLC instance will be done by the higher layers and may include:

1. The mode of processing, i.e. Transparent mode (TM), Un-Acknowledged mode (UM) or Acknowledged mode (AM).

2. The sequence number size

3. The number of retransmissions or the time-budget for retransmissions

4. The time-out to wait for an ACK

5.  Policy rules in case when the number of lost packets or packet error rate or bit error rate or average delay or maximum delay is higher than a threshold. An example of policy rule can be, for example, switching from AM to UM in case of delay higher than a threshold and the PER is lower than a specific PER value.
Additional advantages
Placing the TLC function within cellular entities has several advantages, some being indicated below:

1. Congestion detection

In this solution the TLC transmitter is placed within the CU or DU entity and the TLC receiver is placed respectively in DU and CU entities for downlink and uplink.

In AM the transmitter receives by ACK/NACK the feedback on the success of transmissions and can provide to a higher layer controller the number of lost packets or their percentage in a defined time interval.

In both AM and UM the receiver can detect which packets are missing.

The time synchronization between the CU and DU is possible through different IP protocols or by satellite systems such as GPS. If a time stamp is added to the TLC PDUs, the receiver can determine the delay for each packet and create for a time interval a statistical representation (average, maximum, percentage of packets with the delay lower than a value) for the recorded delays.

This representation can be done per QoS flow, per Slice or per UE PDU session.

Based on the delay statistics and on the lost PDU statistics transmitted through signaling messages over the DU-CU interface to a control or coordination entity, a controller or coordinator can determine the congestion situation for a specific CU-DU link and decide to use another DU in order to not reduce or drop traffic for the UE-generated traffic, or alternatively to reduce the traffic.
2. Delay in Acknowledged Mode
An analysis of the round-trip delay for the correction in AM is provided in Fig. 3.
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Fig. 3 Delay comparison for AM error correction
In this figure are shown two split options: the Option 3-1 and Option 2 with TLC. The round trip delay in AM is noted as follows:

t1: Round-trip delay over the combination of CU-DU Transport Network (TN) and the segment covered by RLC in Option 3-1. i.e.  DU-UE segment;
t2: Round-trip delay over the segment covered by RLC in Option 3-1. i.e.  DU-UE segment;

t3: Round-trip delay over the CU-DU Transport Network (TN).

It can be observed that:

t1 > t2

t1 > t3

Considering that the number of packets dropped over the TN is Ndrp(TN) and the number of packets dropped over the air is Ndrp(AIR), the delays in recovering the lost packets in Acknowledged Mode for each option is:

For split Option 3-1:  


Delay1 = Ndrp (TN)*t1 + Ndrp(AIR)*t1  
For split Option 2 with TLC:

Delay2 = Ndrp (TN)*t3 + Ndrp(AIR)*t2

and




Delay1 – Delay2 = Ndrp (TN)*(t1-t3) + Ndrp(AIR)*(t1-t2) > 0 

So:





Delay1 > Delay2,
resulting that Option 2 with TLC has a better performance when compared with Option 3-1 in terms of recovering the lost packets.
Conclusions

1. Option 2 with TLC is faster in AM as compared with Option 3-1.
2. TLC implemented in RAN can be used for RAN-Transport network integration.

Proposal

It is proposed to adopt the Option 2 with TLC as NR high layer split solution.
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