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1. Introduction

In Disaggregated gNB enhancement SI, for user plane enhancement, the following scenario needs to be considered. 
· PDCP PDUs which are delivered to UE out of sequence could not be known by gNB-CU. In this case, there may be unnecessary re-transmission in another leg.

· The retransmitted PDCP PDU data may be sent to the gNB-DU in an out-of-order after the feedback of DDDS which may result in the unawareness of the status of these data at gNB-CU.

In this contribution, we make some analysis on the possible solutions and give proposals accordingly. 
2. Discussion
 2.1   PDCP PDUs which are delivered to UE out of sequence
Scenario:

In Rel-15, fast retransmission was introduced. For this case, data unsuccessfully transmitted in one leg would be re-transmitted in another leg based on the DDDS from the corresponding node. The current DDDS only report the sequence number of the successfully delivered PDCP PDU which may bring unnecessary re-transmission in another leg.
For example, figure 1 depicts the transmission status for one specific UE in gNB-DU1, i.e. all PDCP PDU with sequence number below 207 are successfully sent to UE except for PDCP PDU with SN 201. In this case, the gNB-DU1 would only report to gNB-CU-UP that its highest successful transmitted PDCP SN as 200 and gNB-CU would request gNB-DU2 to re-transmit the PDCP PDU whose SN is above 200.With this, there would be unnecessary transmission for this UE.

[image: image1.emf]... 196 197 198 199 200 202 203 204 205 206 207 201

PDCP PDU 

transmitted 

successfully

PDCP PDU 

without ACK 

received


                                    Figure 1   PDCP PDU transmission status in gNB-DU1

To resolve the problem, some possible solutions are listed as below:
Solution1: The corresponding node reports the highest successfully delivered PDCP SN in order and at the same time also report all the other PDCP SN delivered successfully out of order. The update to DDDS is as follows:
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

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

	Delivered out of order NR PDCP SN Ind
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

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

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Number of NR PDCP successfully delivered out of order
	0-3

	NR PDCP Sequence Number1 delivered out of order
	0-3

	…
	

	NR PDCP Sequence Number N delivered out of order
	0-3


Solution 2: The corresponding node reports the highest successfully delivered PDCP SN in order and the highest successfully delivered PDCP SN. At the same time, report the PDCP SN which is not delivered successfully between them. The update to DDDS is as follows:

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

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

	Delivered out of order NR PDCP SN Ind
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

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

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number 
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Highest delivered NR PDCP Sequence Number (including out of order)
	0-3

	First missing NR PDCP Sequence Number1 
	0-3

	…
	

	Last missing NR PDCP Sequence Number N
	0-3


Proposal1:It is proposed to capture the above two solution for the case that PDCP PDUs which are delivered to UE out of sequence in the TR.

For the above two solutions, there maybe concerns that it put too much complexity on the corresponding node to report all PDCP SN which are transmitted successfully and also increase the throughput of F1/Xn-U greatly. To improve the situation, a possible solution is that the corresponding node could report all PDCP SN which are delivered to UE successfully based on the request from hosting node.
Proposal 2: It is proposed to capture the above solution to avoid too much UL information transferred on the F1/Xn-U and also avoid complexity in corresponding node, i.e. the corresponding node report all PDCP SN which are delivered to UE successfully based on the request from hosting node.
2.2   Retransmitted PDCP PDU data may be sent to the gNB-DU in an out-of-order and the gNB-DU may do re-ordering based on the PDCP SN of the received packet.
Scenario:

For re-transmission, there may be two kinds of re-transmissions, i.e. retransmission because of the data missing on F1/Xn interface and fast re-transmission mechanism. When the two kinds of re-transmission data arrive at corresponding node, the corresponding node may do re-ordering while sending them to UE. At the same time, the data sent from hosting node may arrive at corresponding node out of order. The detailed scenario could be seen in [1][2][3].The Rel-15 CR[4] partially resolve the problem, however, the hosting node still could not get the accurate information on the status of re-transmission packets.
In Rel-15, several solutions were proposed[2][3], here, we give another proposal which just adopt the similar solutions as in session 2.1.
Solution1: The corresponding node reports the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number and at the same time also report all the other PDCP SN delivered successfully out of order of NR-U sequence number. 

Solution 2: The corresponding node reports the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number and the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE. At the same time, report the PDCP SN which is not delivered successfully between them. 
Proposal 3: It is proposed to capture the above two solutions for re-transmission scenario in the TR.
3. Conclusion

Proposal1:It is proposed to capture the two solutions for the case that PDCP PDUs which are delivered to UE out of sequence in the TR.

Proposal 2: It is proposed to capture the above solution to avoid too much UL information transferred on the F1/Xn-U and also avoid complexity in corresponding node, i.e. the corresponding node report all PDCP SN which are delivered to UE successfully based on the request from hosting node.

Proposal 3: It is proposed to capture the two solutions for re-transmission scenario in the TR.
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