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Introduction

During last RAN3 meeting, there have been some discussion on the data retransmission indication for CU-DU split scenario. One remaining issue is “whether F1-U SeqN can be used to hint high priority of retransmission data”. In this contribution, we provide further analysis on this issue.

A TP for TS 38.425 is also provided in Annex.

Discussion
General Background 

For CU-DU split scenario, the CU may send data packets to a specific UE via different DUs simultaneously. If one DU  link is experiencing outage, it shall sends the “radio link outage” notification to the gNB-CU over F1-U interface. And the undelivered PDCP PDUs will be retransmitted to the UE via another available DU. 

Currently the retransmisson mechanism still have a problem. The only way for the CU to acquire the packet delivery status to UE is DDDS[1]. However, the DDDS only reports “highest delivered/transmitted PDCP SN” to the CU, thus CU cannot know whether the retransmitted packets are delivered or not. In case the PDCP SN of retransmitted packets is lower than the one already buffered in DU, CU may clean the buffer and the retrasmitted packets could not be delivered.

Consider the following example:

CU will transmit a number of PDCP PDUs (SN from No.1 to No.12) to UE. DU1 is responsible for the transmission of packets No.1-No.3 and No.10-No.12. DU2 takes the remaining work split. At time occasion 1(shown in Fig.1), DU1  successfully delivered packets No.1 and No.2. Then DU1 detected the link outage and identified that packet No.3 was unsuccessfully delivered. The remaining packets also suffered from the outage and the retransmission is activated. DU1 reports “highest delivered/transmitted PDCP SN=2” to the CU via DDDS. At the same time, DU2 successfully delivered the packets No.4-No.6 and reports “highest delivered/transmitted PDCP SN=6” to the CU via DDDS. 

Then DU2 keeps transmitting. At time occasion 2(shown in Fig.2), DU2 have successfully delivered packets No.7 and No.8 and reports “highest delivered/transmitted PDCP SN=8” to the CU via DDDS. Considering implementation, CU may be unaware of the delivery status for retransmitted packets. the retransmitted packet No.3 could be removed by CU and thus lead to an unsuccessful retransmission. Additionally, since DU is not able to identify the retransmitted packets, DU cannot guarantee the high priority for the retransmitted packets. 
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Observation 1: Since DU is not able to identify the retransmitted packets, DU cannot guarantee the high priority for the retransmitted packets. 

Solutions to handle the retransmitted data with high priority

To solve the issue mentioned above, DU needs to identify the retransmitted packets in order to handle them with high priority. Currently, two proposals are raised: explicit indication and implicit indication. We will discuss these two methods in the following.
Explicit indication based solution

The explicit indication method is to introduce a new flag, e.g., "retransmission flag" in the spare bit of DL_USER_DATA. When CU performs retransmission, the CU indicates to the DU whether the packets are retransmitted or not by the value of this flag, which seems a straightforward way to help the DU to identify the retransmitted packets. At the DU side, the retransmitted packet will be handled separately, for example, besides the normal transmission queue, DU will additionally provide a retransmission queue for the retransmitted packet in order to guarantee the scheduling of retrasmission data with high priority.

Observation 2: The explicit indication method is to introduce a new flag, e.g., "retransmission flag" in the spare bit of DL_USER_DATA, which seems a straightforward way to help the DU to identify the retransmitted packets. 

 Implicit indication based solution

The implicit indication method raised in last meeting is to reuse the F1-U SN to recognize the retransmitted data, which means that if there are some data need to be retransmitted, CU will allocate the smallest F1-U SN to this retransmission data in sequence. However, for F1-U SN method, in our understanding, there is no such mechanism that assures the in sequence delivery of packets over the F1-U interface. This is because the fronthaul connection is based on the IP network. Due to the complicated structure of the network, the data packets targeting the same destination could be routed differently, which may result in difference on arrival time. Thus the F1-U method could be inefficient.

Some people may argue that the DU may identify the retransmitted packets by the PDCP SN, if the PSCP SN of the newly received packet is smaller than the PDCP SN of the already buffered packets, the new packet could be a retransmitted packet. However, such mechanism still have a problem. For example, the PDCP COUNTs wraps around problem may happen and lead to a confusion.

Based on the above analysis, the implicit indication based solution is inefficient and will encounter some new technical issues which need to be solved if applied. 

Observation 3: The implicit indication method is inefficient and will encounter some new technical issues if applied. 

Proposal1:The explicit indication method is proposed to be used to identify the retransmitted packets with DL_USER_DATA. 

Independent DDDS for Retransmission Data

Based on the explicit indication solution, DU could additionally provide a retransmission queue to accommodate the retransmitted packets with implementation way. But it is helpful that CU can knows the retransmission data delivery status seperately in order to fulfill the flow control on retransmission data. Similar as the DDDS mechanism for the normal packet transmission, the DDDS could also be applied to the retransmission packet handling, which can make the PDCP packet retransmission more efficient. 

Proposal2: The DDDS mechanism should be enhanced to support the retransmission packet handling, which can make the PDCP packet retransmission more efficient.

According to the above analysis, the explicit indication method  is proposed to be used for the data retransmission indication. And the DDDS frame should be enhanced to support the retransmission packet handling as well. RAN3 is kindly suggested to adopt the proposed TP for TS38.425 as below.
Conclusion
The following observations and proposals are provided:

Observation 1: Since DU is not able to identify the retransmitted packets, DU cannot guarantee the high priority for the retransmitted packets. 

Observation 2: The explicit indication method is to introduce a new flag, e.g., "retransmission flag" in the spare bit of DL_USER_DATA, which seems a straightforward way to help the DU to identify the retransmitted packets. 

Observation 3: The implicit indication method is inefficient and may encounter some new technical issues if applied. 

Proposal1:The explicit indication method is proposed to be used to identify the retransmitted packets with DL_USER_DATA. 

Proposal2: The DDDS mechanism should be enhanced to support the retransmission packet handling, which can make the PDCP packet retransmission more efficient.
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Start of Text Proposal for TS 38.425 v0.2.2
5.2
NR user plane protocol layer services

Editor’s Note: All the text below is FFS.
The following functions are provided by the NR user plane protocol for dual connectivity:

-
Provision of NR user plane specific sequence number information for user data transferred from the node hosting NR PDCP to the corresponding node for a specific data bearer;

-
Information of successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for user data associated with a specific data bearer;

-
Information of NR PDCP PDUs that were not delivered to the UE or the lower layers;

-
Information of NR PDCP PDUs transmitted to the lower layers for user data associated with a specific data bearer;

-
Information of downlink NR PDCP PDUs to be discarded for user data associated with a specific data bearer configured with downlink NR PDCP duplication;

-
Information of the currently desired buffer size at the corresponding node for transmitting to the UE user data associated with a specific data bearer;

-
Information of the currently minimum desired buffer size at the corresponding node for transmitting to the UE user data associated with all data bearers configured for the UE at the corresponding node;
-
Information of successful in sequence delivery of PDCP PDUs to the UE from the corresponding node for retransmission user data associate with a specific data radio bearer;

-    Information of NR PDCP PDUs transmitted to the lower layers for retransmission user data associated with a specific data radio bearer.
-----------------------------------------------8<---------------------------------------------------------------------------------------

5.4
Elementary procedures

5.4.1
Transfer of Downlink User Data

5.4.1.1
Successful operation

Editor’s Note: All the text below is FFS.
The purpose of the Transfer of Downlink User Data procedure is to provide NR-U specific sequence number information at the transfer of user data carrying a DL NR PDCP PDU from the hosting the NR PDCP entity to the corresponding node.

An NR user plane instance making use of the Transfer of Downlink User Data procedure is associated to a single data bearer only. The Transfer of Downlink User Data procedure is invoked whenever user data for that particular data bearer needs to be sent to the corresponding node.

The node hosting the NR PDCP entity shall assign consecutive NR-U sequence numbers to each transferred NR-U packet.

The corresponding node shall detect whether an NR-U packet was lost and memorise the respective sequence number after it has declared the respective NR-U packet as being "lost".

The corresponding node shall transfer the remaining NR PDCP PDUs towards the UE and memorise the highest NR PDCP PDU sequence number of the NR PDCP PDU that was successfully delivered in sequence towards the UE (in case RLC AM is used) and the highest NR PDCP PDU sequence number of the NR PDCP PDU that was transmitted to the lower layers.
The corresponding node shall send the DL DATA DELIVERY STATUS if the Report Polling Flag is set.

NOTE:
The Transfer of Downlink User Data procedure and the associated feedback of lost NR-U packets assist the node hosting the NR PDCP entity in avoiding NR PDCP HFN de-synchronisation. If a deployment decides to not use the Transfer of Downlink User Data procedure, NR PDCP HFN synchronization should be ensured by other means.

The node hosting the NR PDCP entity can indicate to the corresponding node whether this is a retransmission NR-U packet.

The node hosting the NR PDCP entity can indicate to the corresponding node to either discard all NR PDCP PDU’s up to a defined DL NR PDCP PDU SN or discard one or a number of blocks of downlink NR PDCP PDUs.
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Figure 5.4.1.1-1: Successful Transfer of Downlink User Data

5.4.1.2
Unsuccessful operation

Void.

5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

Editor’s Note: All the text below is FFS.
The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data bearer. The corresponding node may also transfer uplink user data for the concerned data bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.

When the corresponding node decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

a)
in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity;

b)
the desired buffer size in bytes for the concerned data bearer;

c)
the minimum desired buffer size in bytes as specified in section 5.2;

d)
the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;

e)
the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity;
f)  the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity;

g) the highest NR PDCP PDU sequence number transmitted to the lower layers among those retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity.
NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, g) above is not applicable.
In case the DL DATA DELIVERY STATUS frame is sent before any NR PDCP PDU is transferred to lower layers, the information on the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE and the highest NR PDCP PDU sequence number transmitted to the lower layers may not be provided.

The DL DATA DELIVERY STATUS frame shall also include an indication whether the frame is the last DL status report received in the course of releasing a bearer from the corresponding node. When receiving such indication, if applicable, the node hosting the NR PDCP entity considers that no more UL data is to be expected from the corresponding node.

The DL DATA DELIVERY STATUS frame may also include an indication of detected radio link outage or radio link resume. When receiving an indication of radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over DRBs configured for the UE is unavailable at the corresponding node. When receiving an indication of radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over DRBs configured for the UE is available at the corresponding node.
The node hosting the NR PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and c) above as the amount of data desired from the corresponding node being declared

-
from the NR PDCP sequence number reported under a) above within the same frame, as well as from the most recently reported NR PDCP sequence number(s) of all other data bearers established for the UE;

-
as the momentary desired buffer sizes, independent of buffer sizes indicated in the past.
-
is allowed to remove the buffered NR PDCP PDUs according to the feedback of successfully delivered NR PDCP PDUs;

-
decides upon the actions necessary to take for NR PDCP PDUs reported other than successfully delivered.

After being reported to the node hosting the NR PDCP entity, the corresponding node removes the respective NR PDCP sequence numbers.
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Figure 5.4.2.1-1: Successful Downlink Data Delivery Status

5.4.2.2
Unsuccessful operation

Void .

-----------------------------------------------8<---------------------------------------------------------------------------------------
5.5.2
Frame format for the NR user plane protocol

5.5.2.1
DL USER DATA (PDU Type 0)

Editor’s Note: All the text below is FFS.
This frame format is defined to allow the corresponding node to detect lost NR-U packets and is associated with the transfer of a Downlink NR PDCP PDU.

The following shows the respective DL USER DATA frame.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Retransmission flag
	DL Discard Blocks
	DL Flush
	Report polling
	1

	NR-U Sequence Number
	3

	DL NR PDCP PDU SN
	3

	DL Number of blocks
	1

	DL NR PDCP PDU SN start (first block)
	3

	Block size (first block)
	1

	…
	

	DL NR PDCP PDU SN start (last block)
	3

	Block size (last block)
	1

	Spare extension
	0-4



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format
-----------------------------------------------8<---------------------------------------------------------------------------------------

5.5.2.2
DL DATA DELIVERY STATUS (PDU Type 1)

Editor’s Note: All the text below is FFS. In particular, the optionality of the Highest successfully delivered NR PDCP Sequence Number is FFS.
This frame format is defined to transfer feedback to allow the receiving node (i.e. the node that hosts the NR PDCP entity) to control the downlink user data flow via the sending node (i.e. the corresponding node).

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Delivered NR PDCP SN Ind
	Highest Transmitted NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare
	Retransmission Report
	Cause Report
	1

	Desired buffer size for the data bearer
	4

	Minimum desired buffer size for the UE
	4

	Number of lost NR-U Sequence Number ranges reported
	1

	Start of lost NR-U Sequence Number range
	6* (Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number
	3

	Highest transmitted NR PDCP Sequence Number
	3

	Cause Value
	1

	Highest successfully delivered NR PDCP Sequence Number of retransmission data
	3

	Highest transmitted NR PDCP Sequence Number of retransmission data
	3

	Spare extension
	1-7



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format

-----------------------------------------------8<---------------------------------------------------------------------------------------

5.5.3.28
Retransmission flag
Description: This parameter indicates that the node hosting the NR PDCP entity sends a retransmission NR-U packet to  the corresponding node.

Value range: {0= Not a retransmission NR-U packet, 1= Retransmission NR-U packet}.

Field length: 1 bit.

5.5.3.29
Retransmission Report
Description: This parameter indicates that the node hosting the NR PDCP entity requests providing the down link delivery status report of retransmission packets.

Value range: {0=Downlink Data Delivery Status report for retransmission data is not requested, 1= Downlink Data Delivery Status report for retransmission data is requested}.

Field length: 1 bit.

5.5.3.30
Highest successfully delivered NR PDCP Sequence Number of retransmission data
Description: This parameter indicates feedback about the in-sequence delivery status of NR PDCP PDUs of the retransmission data at the corresponding node towards the UE.

Value range: {0..218-1}.

Field length: 3 octets.

5.5.3.31
Highest transmitted NR PDCP Sequence Number of retransmission data
Description: This parameter indicates the feedback about the transmitted status of NR PDCP PDU sequence of the retransmission data at the corresponding node to the lower layers.

Value range: {0..224-1}.

Field length: 3 octets.

End of Text Proposal for TS 38.425 v0.2.2
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