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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 last meeting there were some discussions over this issue and one TP was agreed containing 4 different solutions [1]. In this contribution, we will further analyze this issue, and provide an additional solution as well.
2. Discussion
At first we would like to emphasise our goal on this topic. For a DRB, when configured with PDCP duplication (especially DC-based PDCP duplication), there might be such situation that one DL packet is already successfully delivered over one leg, while already sent to another leg but yet not sent toward the UE. Another scenario is that when performing fast retransmission, the hosting node decides which packets should be re-transmitted and tries to avoid unnecessary retransmission. 
For the packet with a PDCP SN equals to or smaller than the “Highest successfully delivered NR PDCP Sequence Number”, the CU can get aware of such situation through the DDDS frame and orders the other leg to discard the packet. However, for the packet with a PDCP SN greater than the “Highest successfully delivered NR PDCP Sequence Number”, the CU is not aware of such situation and cannot react optimally.
Observation 1: Current discard mechanism can only solve the case when the successfully delivered PDCP PDU has an SN no greater than the “Highest successfully delivered NR PDCP Sequence Number”.
Nevertheless, we do not intend to let the current discard mechanism be completely replaced by a new method. In fact, it is sufficient and precise enough on the aspect of informing the “slower” leg what packet to discard, as the “DL Discard Blocks” and related IEs can clearly indicate a list of “blocks” of packets to discard, each with a starting SN and a “block size”. It is already flexible enough with the capability to indicate not only to discard the packets up to a specific SN, but blocks above it as well.
The problem is on the “faster” leg. For both cases, the CU, ordinarily, will not order the UE to report its PDCP status, making the DDDS frame, sent from the “faster” leg the only information on which it can rely. The DDDS frame, however, is not precise enough, as it can only indicate “Highest successfully delivered NR PDCP Sequence Number”, and cannot provide any information above it. Based on such information, the CU is only possible to order the “slower” leg to discard the packets up to this very PDCP SN—this is simply indicated by the “DL Flush” and its related IE, leaving the “DL Discard Blocks” not used at all.
Observation 2: Without enhancement, current “DL Discard Blocks” and related IEs within the DL USER DATA frame cannot be utilised for the case of fast retransmission or PDCP duplication.
Figure 1 gives an example, the PDCP PDUs with yellow colour are successfully transmitted to UE.CU would send discard message to DU based on the information in DDDS. The most efficient way is to let DU2 discard PDCP PDU with SN number from 101 to 102 and 104 to 107.To enable CU commanding DU2 to discard PDCP PDU with SN number from 104 to 107, the only way is make DU1 report to CU that these PDCP PDU are already delivered to UE successfully.
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                               Figure 1 Discard mechanism for PDCP duplication

Proposal 1: It is proposed to confirm that the current discard mechanism in TS 38.425 requires accurate PDCP Packets delivery status report in DDDS. Thereby, solution 4 for scenario 1 should be excluded.
The left issue is how the DU indicates the precise DL PDCP SN transfer status. In [1] there are already three methods raised. Here we propose another method in order for a better alignment with the existing “DL Discard Blocks” related IEs:
	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

	Spare
	Successfully Delivered DL Blocks
	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 successfully delivered Number of blocks
	0 or 1

	Highest successfully delivered NR PDCP PDU SN start (first block)
	0 or 3

	Highest successfully delivered Block size (first block)
	0 or 1

	…
	

	Highest successfully delivered NR PDCP PDU SN start (last block)
	0 or 3

	Highest successfully delivered Block size (last block)
	0 or 1

	Padding
	0-3


We believe that such alignment can facilitate CU’s implementation.
Proposal 2: RAN3 is proposed to discuss the solution raised in this contribution.
3. Conclusion

Observation 1: Current discard mechanism can only solve the case when the successfully delivered PDCP PDU has an SN no greater than the “Highest successfully delivered NR PDCP Sequence Number”.
Observation 2: Without enhancement, current “DL Discard Blocks” and related IEs within the DL USER DATA frame cannot be utilised for the case of fast retransmission or PDCP duplication.
Proposal 1: It is proposed to confirm that the current discard mechanism in TS 38.425 requires accurate PDCP Packets delivery status report in DDDS. Thereby, solution 4 for scenario 1 should be excluded.
Proposal 2: RAN3 is proposed to discuss the solution raised in this contribution.
Based on the analysis above, we draft a TP accordingly.

4. Reference
[1] R3-194746; TP to TR 38.823 on user plane enhancement; CATT, CAICT, China Telecom.
5. TP for TR 38.823
5
Further Enhancements on Flow Control Mechanism
5.1
Scenarios 

Scenario1:

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 reports the sequence number of the in-sequence successfully delivered PDCP PDUs, which may lead to re-transmission in another leg of some already delivered PDCP PDUs.

For example, Figure 5.1-1 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 in-sequence successful transmitted PDCP SN as 200 and gNB-CU would request gNB-DU2 to re-transmit the PDCP PDU whose SN is above 200, among which some are already delivered to the UE.
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                                    Figure 5.1-1   PDCP PDU transmission status in gNB-DU1 for Scenario 1
Scenario 2:

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. In this case, the hosting node could not get the accurate information on the status of re-transmission packets.

5.2
Possible Solutions
5.2.1 Solutions for scenario 1

For scenario 1, the 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 reports all the other PDCP SN delivered successfully out of order. The corresponding node reports all PDCP SN which are delivered to UE successfully based on the request from hosting node (Refer to R3-193694). The update to DDDS and DL USER DATA 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

	Spare

	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



                                                 Figure 5.2.1-1 Impact to DDDS for solution 1

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Full report indication
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3



                                                           Figure 5.2.1-2 Impact to DL USER DATA for solution 1

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, it reports the PDCP SN which is not delivered successfully between them. The corresponding node reports all PDCP SN which are delivered to UE successfully based on the request from hosting node (Refer to R3-193694). The update to DDDS and DL USER DATA 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

	Spare        
	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


                                                              Figure 5.2.1-3 Impact to DDDS for solution 2

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Full report indication 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3



                                           Figure 5.2.1-4 Impact to DL USER DATA for solution 2                                                   

Solution 3: The indication of successfully delivered PDCP SN range(s) is introduced to indicate the status of the PDU after the highest successfully delivered PDCP PDU, where the successfully delivered PDCP SN range is defined by two parameters, i.e., start of successfully delivered PDCP SN and end of successfully delivered PDCP SN (Refer to R3-194448).
	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

	Spare
	Successfully Delivered NR PDCP SN Indicator
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	/** unchanged part is skipped**/
	

	Number of successfully delivered PDCP SN range
	0 or 1

	Start of successfully delivered PDCP SN range
	0 or 3

0 or 3

	End of successfully delivered PDCP SN range
	

	Padding
	0-3


                                                                    Figure 5.2.1-5 Impact to DDDS for solution 3 to scenario 1

Solution 4: The existing DL discard mechanism from TS 38.425 is used.
Solution 5: The corresponding node reports the successfully delivered PDCP PDUs in a manner similar to the “DL Discard Blocks” within the DL USER DATA frame (Refer to R3-19xxxx).
	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

	Spare
	Successfully Delivered DL Blocks
	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 successfully delivered Number of blocks
	0 or 1

	Highest successfully delivered NR PDCP PDU SN start (first block)
	0 or 3

	Highest successfully delivered Block size (first block)
	0 or 1

	…
	

	Highest successfully delivered NR PDCP PDU SN start (last block)
	0 or 3

	Highest successfully delivered Block size (last block)
	0 or 1

	Padding
	0-3



                                                 Figure 5.2.1-6 Impact to DDDS for solution 5
5.2.2 Solutions for scenario 2

Solution 1: Solutions for scenario 1 could be reused for scenario 2 with similar information introduced for re-transmission packets.
5.3
Evaluations
Solution 4 for scenario 1 can hardly utilise the existing “DL Discard Blocks” IE within the DL USER DATA frame, and is considered to be not sufficient enough for efficient data transmmission.Figure 5.3-1 give an example:
The PDCP PDUs with yellow colour are successfully transmitted to UE.CU would send discard message to DU based on the information in DDDS. The most efficient way is to let DU2 discard PDCP PDU with SN number from 101 to 102 and 104 to 107(The current discard mechanism already support discard unconsecutive PDCP packets).To enable CU commanding DU2 to discard PDCP PDU with SN number from 104 to 107, the only way is make DU1 report to CU that these PDCP PDUs are already delivered to UE successfully.

[image: image3.emf]109

108

107

106

105

104

103

102

101

100

109

108

103

Data transmission in DU1

Data transmission in  DU2

100

CU

DDDS DDDS

Discard message(discard 101-102 and 104-107)

101

102

104

105

106

107


                            Figure 5.3-1 Discard mechanism for PDCP duplication
Based on above analysis,solution 4 should be first precluded.
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