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1. Introduction
In the RAN#84 meeting, a new SID on enhancement for disaggregated gNB architecture was updated, and the objective of this study item is to investigate enhancements to disaggregated gNB scenario. At least the following topics should be studied:
· Identifying detailed solutions for further enhancements on current flow control with the following aspects considered. 

· PDCP PDUs may be delivered in the Uu interface out of sequence.

· The re-transmitted PDCP PDUs may arrive at DU out of order.
· In a DC scenario, data transmitted to UE from two legs may arrive out of order, where the amount of out-of-order data exceeds the level that the re-ordering mechanism can handle. This may result in out-of-order delivery to higher layer.
              Note1: The solution shall be backward compatible (i.e. carefully consider the fact no criticality handling defined in U-plane protocol specification).
· Identifying detailed solutions to support the scenario that one UE connects to several gNB-CU-UPs which belong to different security domains.
Note2: SA3 should be involved in this SI.

             Note3: CP/UP separation and CU/DU split should be invisible to other nodes (especially UE should not be impacted).
In this paper, we discuss the issue that the re-transmitted PDCP PDUs may arrive at DU out of order.
2. Discussion

As described in [1], the current DDDS mechanism could be enhanced for reporting retransmitted data (e.g., due to the data missing on F1/Xn interface) status. That is, by using the current DDDS mechanism, DU can only report the highest successfully delivered retransmitted NR PDCP sequence number (SN) to the CU (CU-UP), which may result in unnecessary data transmission over F1-U interface. 
One possible way is to enhance the current DDDS frame format by adopting a similar mechanism as discussed in [2] for case that PDCP PDUs are delivered in the Uu interface out of sequence. 
However, as in the current specification, the delivery status of NR PDCP PDUs (in the Uu interface) is reported as highest successfully delivered NR PDCP SN directly, whereas the retransmission status of NR PDCP PDUs is reported by the PDCP PDU SN associated with the highest NR-U SN among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of the NR-U SN. It means that the reported retransmission status of NR PDCP PDUs is based on the NR-U SN of the retransmission NR PDCP PDUs. Therefore, we propose that the enhanced retransmission status is indicated based on the NR-U SN of the retransmission NR PDCP PDUs, i.e., by PDCP PDU SN associated with the NR-U SN of the retransmission NR PDCP PDUs successfully/unsuccessfully delivered to the UE. 
Proposal 1: The enhanced retransmission PDCP PDUs SN status is indicated based on the NR-U SN of the retransmission NR PDCP PDUs.
To address this enhancement, we have the following options.
Option 1: Report status by bit string.

In this option, similar as in [2], a bit string, called “Full Status Of Retransmitted PDCP PDU”, is introduced to indicate the status of the retransmitted PDU after the successfully delivered retransmitted NR PDCP PDU SN. That is, Nth bit indicates the status of the NR-U SN in position (N + highest NR-U SN among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U SN) modulo (1 + the maximum value of the PDCP-SN), which refers that the PDCP PDU associated that NR-U SN has not been delivered successfully if the value is set to “0”, and the PDCP PDU associated that NR-U SN has been delivered successfully if the value is set to “1”. The frame format of DDDS can be designed as:
	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
	Full Status of Retransmitted PDCP SN Ind.
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	/** unchanged part is skipped**/
	

	Number of NR-U sequence number bits report
	0 or  N
FFS: N

	Bit string of delivered NR-U Sequence Number
	0 or  N

FFS: N

	Padding
	0-3


Figure 1
The frame format of DDDS in case of Option 1
Take a look at the above frame format, it can be seen that the following IEs shall be added:

· Full Status of Retransmitted PDCP SN Indicator, which indicates the presence of Number of NR-U sequence number bits report and Bit string of delivered NR-U Sequence Number.
· Bit string of delivered NR-U Sequence Number, which indicates the status of the PDU after the successfully delivered retransmitted NR PDCP PDU. The occupied bytes can be determined by the Number of NR-U sequence number bits report.

· Number of NR-U sequence number bits report, which indicates the filed length of Bit string of delivered NR-U Sequence Number.

Option 2: Report successfully delivered retransmitted PDCP SN ranges.
In this option, similar to the discussion in [2], the successfully delivered retransmitted PDCP SN range(s) is introduced to indicate the status of the retransmitted PDCP PDUs after the successfully delivered retransmitted NR PDCP SN, where the successfully delivered retransmitted PDCP SN range is defined by two parameters, i.e., NR PDCP SN associated with the start of NR-U SN range among the retransmission NR PDCP PDUs successfully delivered to the UE, and NR PDCP SN associated with the end of NR-U SN range among the retransmission NR PDCP PDUs successfully delivered to the UE.

The frame format of DDDS can be designed as:

	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 Retransmitted 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 retransmitted PDCP SN range
	0 or 1

	Start of successfully delivered retransmitted PDCP SN range
	0 or 6*Number of successfully delivered retransmitted PDCP SN Ranges

	End of successfully delivered retransmitted PDCP SN range
	

	Padding
	0-3


Figure 3
The frame format of DDDS in case of Option 2
Take a look at the above frame format, it can be seen that the following IEs need to be added:

· Successfully Delivered Retransmitted NR PDCP SN Indicator, which indicates the presence of Number of successfully delivered Retransmitted PDCP SN range, Start of successfully delivered retransmitted PDCP SN, and End of successfully delivered retransmitted PDCP SN.

· Start of successfully delivered retransmitted PDCP SN range, which indicates the PDCP SN associated with the start of a NR-U range among the retransmission NR PDCP PDUs reported to be successfully delivered. The field length is 3 octets.
· End of successfully delivered retransmitted PDCP SN range, which indicates the PDCP SN associated with the end of a NR-U range among the retransmission NR PDCP PDUs reported to be successfully delivered. The field length is 3 octets.
· Number of successfully delivered retransmitted PDCP SN ranges, which indicates the number of retransmitted PDCP SN ranges to be successfully delivered. The field length is 1 octets.
In summary, we would prefer to adopt the same approach as proposed for PDCP PDUs out of sequence, i.e., option 2. 
Proposal 2: Introduce the successfully delivered retransmitted PDCP SN ranges to solve the retransmitted PDCP PDUs issue.
3. Conclusion
In this paper, we discussed the issue that re-transmitted PDCP PDUs may arrive at DU out of order, and we have the following proposals:
Proposal 3: The enhanced retransmission PDCP PDUs SN status is indicated based on the NR-U SN of the retransmission NR PDCP PDUs.
Proposal 4: Introduce the successfully delivered retransmitted PDCP SN ranges to solve the retransmitted PDCP PDUs issue.
The corresponding CR is in [3].
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