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Abstract: The target of this contribution is to justify and propose an F1 transport approach which will reduce the number of tunnels while keeping the possibility of applying the 5QI requirements and error correction by retransmission and re-creation at the receiving side of the F1 interface the content and structure of the PDU buffers at the transmitting side.
1. Introduction
1. The CU-DU split creates actually the problem of reproducing the buffer structure for user data at the receiving side of the F1 interface. For understanding, the relevant part of Figure 6-1: Layer 2 Structure for DL from TS36.300‎[1] is reproduced below:
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Fig. 1 Buffer chain

So when transmitting the user data of the F1 is needed also to specify to which buffer the data belongs to.
2. The flow control used in X2-UP protocol creates a bearer for each UE and QCI. The flow control, including in Dual Connectivity the eventual error correction by retransmission, is based on PDCP PDU SN (Sequence Number) given for each UE and QCI. 
The 5G requirements in TR 38.913 ‎[2] specify that “The target for connection density should be 1 000 000 device/km2 in urban environment”.

Based on the network architecture in ‎[3] for each UE could be several PDU Sessions and for each PDU Session could be on one side a different network slice and on another side several Radio Bearers and for each Radio Bearer could be several QoS flows. If for each lowest hierarchy IP packet will be given a SN (Sequence number) will result tenths of millions of flows per km2.
Handling such a huge number of SNs is not convenient for the implementation within a base station, as can be the centralized gNB. Given that an UE can be served by multiple cells and by multiple DUs, may become problematic to find the relevant PDCP SNs for a DU in a short enough time.
3. F1 Transport Block

A simpler approach is to define a Transport Block specific for F1 CU-DU interface. This TB will include the PDCP PDUs per QoS flow or per multiple QoS flows, eventually belonging to different PDU Sessions and UEs.

The size of this block should be chosen such to satisfy two criteria:

· Minimum lost PDUs in case of network congestion, which is accomplished with small PDUs;

· Maximum efficiency, which is accomplish with big TBs.

The structure of this TB shall be defined such to allow the selective retransmissions of PDU Blocks. 
For the high layer split, the relevant DL PDU is produced by the PDCP layer and the UL PDU is the output of RLC layer.
The information carried out by each PDU block should contain not only the PDU, but also information which will allow placing the PDU content in the correct buffers at the receiver and also to further transmit the identifier if needed.

Such information includes:

· UE F1 identifier (or other suitable UE identifier such as UE X2 identifier)

· PDU Session identifier

· Network slice identifier

· Radio bearer (RB) identifier

· A QoS flow identifier, for example the 5QI.

A key point to clarify is how is possible the error correction by re-transmission and how the gNB-CU will find the data to be retransmitted.

Based on 38.501 ‎[3] there shall be a flow for each UE and PDU Session and QoS flow marked with a 5QI (5G QoS Indicator) identifier. 
4. Memory address of a PDU

For each UE can be allocated a memory area, divided such that for each PDU Session will be given a specific part of this area. Furthermore, for each QoS Flow within the PDU Session will be allocated a memory area within the PDU Session area.
We consider that for each memory area Madr where the descriptor table is memorized it is known where the relevant lower level descriptor starts, as shown below, where:

· Madr. i,j,k is the memory address which contains the actual address Badr.i,j,k for the start of the buffer (i,j,k) containing the PDU packets; each PDU packet in the buffer is assigned with an PDU Offset from the start of the buffer; each buffer is assigned a Depth, indicating buffer capacity in term of PDUs. The buffer Depth at the transmit side is computed such to cover the round-trip delay of the F1 backhaul and the traffic data rates when writing and reading the buffer. The buffer Depth at the receiving side may be different, as the data rates involve the throughput and delay of the cellular air interface.
· An index i is assigned for each UE, an index j is assigned for each PDU Session for an UE, an index k is assigned for each relevant QoS flow within a PDU Session used by UE.

· LI of the respective parameter added to the Madr. results in the next relevant memory address in the same parameter category.

· Buffer depth indicates the buffer size; the parameter can be used if it is desired to reproduce at receiver the memory structure at transmitter and is marked with (O)=optional.

For example, the memory address of the buffer for QoS flow number 12 in PDU Session number 3 in UE number 2 is the content of the memory address Baddr.2,3,2, because 5QI =12 is the third used QoS flow.
UE Memory descriptor table
	No.
	UE memory block descriptor
	PDU Session memory descriptor 
	PDU buffer memory descriptor

	1
	UEx ID

Madr.1,1 of PDU Session descriptor

 LI for UE1 descriptor
	Session 1 memory descriptor starting at Madr1,1:
Madr.1,1,1; 
LI of 5QI descriptor (proportional with  the number of used 5QIs)
	5QI memory descriptor starting at Madr1,1,1:
5QI=I;
B_adr.1,1,1 (PDU buffer address); 

Buffer depth;
LI per 5QI value, proportional with the number of parameters per 5QI

	
	
	
	5QI=j; Badr. 1,1,2 ; Buffer depth 

	
	
	
	5QI=k; Badr. 1,1,3; Buffer depth 

	
	
	Session 2 memory descriptor 

Madr.1,2,1; LI of descriptor
	5QI=1;
Badr. 1,2,1; Buffer depth 

	
	
	
	5QI=4; Badr.1,2,2; Buffer depth 

	
	
	Session 3 memory descriptor 

Madr.1,3,1; LI of descriptor
	5QI=1; Badr.1,3,1; Buffer depth 

	
	
	
	5QI=4; Badr.1,3,2; Buffer depth 

	
	
	
	5QI=7; Badr.1,3,3; Buffer depth 

	2.
	UEy ID

Madr.2,1 

LI for UE2 memory descriptor block
	Session 1 memory descriptor 

Madr.2,1,1; LI of descriptor
	5QI=1; Badr.2,1,1; Buffer depth 

	
	
	
	5QI=4; Badr.2,1,2; Buffer depth 

	
	
	
	5QI=8; Badr.2,1,3; Buffer depth 

	
	
	Session 2 memory descriptor 

Madr.2,2,1
LI for descriptor
	5QI=1; Badr.2,2,1; Buffer depth 

	
	
	Session 3 memory descriptor 

Madr.2,3,1
LI for descriptor
	5QI=3; Badr.2,3,1; Buffer depth 


	
	
	
	5QI=12; Badr.2,3,2; Buffer depth 


5. Reproducing at receiver the buffer structure at transmitter

If it is desired, it is possible to reproduce at receiver the buffer structure at transmitter by transmitting on F1-C the content of the UE Memory descriptor table which is relevant for receiver (in DL, for a specific DU, only the served UEs will be relevant; for an EU, only the PDU Sessions served by the DU are relevant).

For doing this it is needed to use the UE ID, PDU Session ID, 5QI and eventually the LI fields indicating how much memory is needed in the descriptor table. The memory addresses of the descriptor fields and of the PDU buffers can be calculated at receiver. If it is needed to preserve at receiver the same buffer structure as at transmiter is needed to add in the last column of the descriptor table the depth field for each buffer.
The transmission of PDU buffers needs a F1 Management function on both sides of the F1-C interface, including:

At DL transmit side (gNB-CU):
- Initialization of the UE Context for each DU:

- PDU Session IDs relevant for DU and the relevant S-NSSAI ID (if known) for each PDU session

- 5QIs per PDU Session relevant for DU

- Oher information, as bit rate per 5QI and buffer depth at gNB-CU
- Creation of the UE Memory Descriptor Table per UE, as described above;
- Modification of the UE Context in case of changes made to the PDU Sessions, the S-NSSAI ID per Session or the QCI flows per PDU Session;
- Deletion of UE if needed;

- Creation of a packet or more for serial transmission of the content of the UE Memory Descriptor Table, without filling in the memory and buffer addresses.

At DL receiver side (gNB-DU):
- Creation of the UE Memory Descriptor Table from the transmitted information;

- Up-dating the UE Memory Descriptor Table if changes were transmitted;

- Making other changes if needed, for example changing the buffer depths.

In case of intra-gNB handover between different DUs, if the UE context was not previously created in the respective DU, it is needed to create it; if it was previously created, it is needed to up-date it.
 5. Transport block for DL

Based on the proposed transport approach, for the case of high layer split, can be created a transport block for a specific 5QI, the transport block including PDCP PDUs from one or more UEs, preferably all of them belonging to the same 5QI.
The 5QI, formed from both standardized QoS profiles and non-standardized QoS profiles indicate different reliability requirements and time-budget requirements for each flow. The reliability requirements shall translate in a different retransmission policy of user PDU over the F1-D interface, while the time-budget should translate at least in a priority for transmission and at best in a suitable scheduling.
Given the full flexibility of the proposal, the traffic over the F1 interface can be scheduled to match the QoS and network slice requirements for a multitude of UEs and with the lowest overhead. 
For RAN processing the Network Slice is the parameter giving high level directions for polices related to PDU Session and QoS handling, while all the other elements are on a secondary plane. The S-NSSAI ID (Single-Network Selection Assistance Information) may also play a role in the actual implementation of 5CI requirements. It is recommended that the scheduling of transmissions over F1-U will be controlled by an RRM Controller. 
The basic approach is to create an IP packet, having as destination the IP address of the target DU and a DiffServ marking as close as possible to 5QI  and including a data content formed from PDU blocks as follows:

· F1 PDU Type (=0)
· TB Sequence Number indicating the DL transport block; it is used at receiver for detecting the lost packets.
· 5QI (full length) – one byte

· For each of the transmitted PDUs:
· Length Indicator (LI) of the current PDU; 
· Extension indicator (E), indicating whether more PDU blocks will follow or not;
· PDU blocks one after the other, each block including, depending of the provided functionality:

· Sub-sequence number (SSN) indicating the PDU block within the transport block; the SSN is needed for the retransmission of a single  errored PDU block; 
· UE identifier (could be F1 or X2 UE identifier); 
· PDU Session identifier; 
· 5QI identifier (could be the result of mapping 5QI identifiers to a more limited QoS range)
· PDU Buffer depth, allowing to reproduce at receiver the buffer structure at transmitter (optional)
· S-NSSAI (slice indicator to which the PDUs belong)
· PDCP PDU
· Check-sum of the PDCP PDU block (calculated as in IP6 header; a possible variant could be the use of CRC or FEC codes)
· Check-sum for the entire TB block not including its sequence number, allowing to detect if there is at least one mistake in TB reception (optional)

The S-NSSAI to which the PDUs belong, the PDU Session and 5QI identifier toghether with  be used, in case of backhaul overloading, to retransmit only those PDU Blocks which comply with the Operator policy rules for retransmission.

At transmitter side for each SSN, indicating a PDU block, is needed to memorize all the parameters included in the PDU Block and the Offset of the PDU within the PDU buffer relative to the start of the PDU buffer, useful for PDU block selective retransmission.
The IP packet can use UDP or GTP protocols. 

The error correction on the F1-D interface will take place based on the slice-related policy and 5GI requirements. Given that a PDU block can be easily identified within the transport block, the retransmission can use only a PDU Block.
6. Transport block for UL

In asymmetrical backhauls there is a high chance for packet loss due to congestion. The transport block for up-link is similar with the transport block for downlink; in the high layer split the PDUs are RLC PDUs.
The S-NSSAI to which the PDUs belong and/or the PDU Session identifier can be used, in case of backhaul overloading, to retransmit only those TBs which comply with the Operator policy rules for retransmission.

7. Report on delivery status in DL
In case that the receiver has detected based on SN or based on the check-sum of the IP packet or based on the TB check-sum that one packet was not delivered or was delivered with mistakes can request its retransmission, whicle taking into account the 5GC value and the network slice.
The Report on delivery status sent by gNB-DU will include:

· F1 PDU Type (=1)
· 5QI

· Highest successfully delivered F1-U-TB Sequence Number
· Number of lost F1-U-TB Sequence Number ranges reported
· Start of lost F1-U-TB Sequence Number and sub-sequence range (SN followed as a variant by SSN)
· End of lost F1-U-TB Sequence Number and sub-sequence range (SN followed as a variant by SSN).
Alternatively it could be indicated the Start of lost F1-U-TB Sequence Number and the bitmap of lost PDU Blocks.
8. Report on delivery status in UL

The Report on delivery status sent by gNB-CU will include, similar with DL:

· F1 PDU Type (=1)
· 5QI

· Highest successfully delivered F1-U-TB Sequence Number
· Number of lost F1-U-TB Sequence Number ranges reported
· Start of lost F1-U-TB Sequence Number and sub-sequence range (SN followed as a variant by SSN)

· End of lost F1-U-TB Sequence Number and sub-sequence range (SN followed as a variant by SSN).

9. Proposals

Proposal 1: Introduce the text in sections 2,3,4,5,6,7,8 in TS 38.410, F1 General aspects and principles.
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