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1.	Introduction
In the RAN2#125 meeting, RAN2 agreed to introduce a mechanism for PDCP SN gap reporting, but which solution should be introduced has been discussed during post e-mail discussion [POST125][017][XR] PDCP report.
In the e-mail discussion, two solutions were identified, i.e.
· Solution 1: header-only PDCP data PDU
· Solution 2: new PDCP Control PDU
This document compares two solutions on the table, and suggest a way forward.

2.	Discussion
2.1 	Solution description
Triggering condition
The triggering condition of PDCP SN gap reporting is common for both solutions, i.e. the PDCP SDU is discarded, the corresponding PDCP data PDU is already stored in RLC buffer without RLC transmission, and there is PDCP data PDU stored in RLC buffer having higher COUNT value than the COUNT value of discarded PDCP SDU. 


In the figure above, the problematic PDCP data PDU is PDU 7 and PDU 9, which causes SN gap problem in the receiving PDCP entity. For the PDCP SDUs 11~15 which have not been submitted to RLC entity, the transmitting PDCP entity can re-associate the SN to avoid SN gap, and thus there is no need to consider them.

Transmit operation
For solution 1, the transmitting PDCP entity replaces PDCP data PDU stored in RLC buffer by header-only PDCP data PDU if the corresponding PDCP SDU is discarded in the PDCP entity. The header-only PDCP data PDU includes only the SN field, i.e. payload parts are removed from the PDCP data PDU. No change is needed for transmit operation in the transmitting PDCP entity.



For solution 2, the transmitting PDCP entity discards the PDCP data PDU stored in RLC buffer, and generates a new PDCP control PDU to indicate that PDCP data PDUs are discarded without transmission.



Receive operation
For solution 1, the state variable handling in receive operation is same as legacy because the PDU header is transmitted without any change. But, the operation related to Data field, e.g. deciphering, integrity verification, header decompression, delivery to upper layer, should be skipped because there is no data part in the header-only PDCP data PDU.
For solution 2, the state variable handling in receive operation needs to be changed to consider the PDCP SDUs indicated as “discard” in the PDCP control PDU. Since those PDCP SDUs will not be received, they need to be considered as received, and the state variables need to be updated accordingly.

2.2 	Comparison between solutions
1. Reordering delay
For solution 2, the PDCP control PDU is transmitted only after all the PDCP data PDUs stored in RLC buffer are transmitted. Thus, until the PDCP control PDU is received, the receiving PDCP entity does not know whether the missing PDCP data PDU is discarded (and would not be received at all!) or under transmission.
On the other hand, for solution 1, there is no SN gap in the received PDCP data PDUs, and there is no reordering delay due to SDU discard in the transmitting PDC entity.
Thus, the solution 1 is better than the solution 2 from the reordering delay point of view, and the gain difference becomes larger if large number of PDCP data PDUs are stored in RLC buffer when the SN gap reporting is triggered.
Observation 1: Header-only PDU solution is better than control PDU solution in terms of reordering delay.
Observation 2: The gain difference between header-only PDU solution and control PDU solution becomes larger if more PDCP data PDUs are pre-processed and stored in RLC buffer.

For solution 2 to overcome the delayed transmission of PDCP control PDU, a new mechanism to prioritize transmission of RLC SDU including the new PDCP control PDU needs to be introduced in RLC. Currently, there is no mechanism to differentiate the contents of RLC SDU and prioritize the transmission of such RLC SDU.
Observation 3: To reduce the reordering delay in control PDU solution, a new mechanism to prioritize transmission of RLC SDU including the new PDCP control PDU needs to be introduced in RLC.

2. Transmission overhead
For solution 1, each header-only PDU (2~3 bytes) is encapsulated by RLC header (1~3 bytes) and further encapsulated by MAC subheader (2 bytes). Thus, transmission of one header-only PDU requires 5~8 bytes.
On the other hand, for solution 2, one PDCP control PDU (>5 bytes) is transmitted for multiple discarded PDUs, and it requires > 8~10 bytes.
Thus, if more than two PDCP data PDUs are discarded, the control PDU solution is better than the header-only PDU solution. The gain difference becomes large if large number of PDCP data PDUs are discarded in RLC buffer
Observation 4: Control PDU solution is better than header-only PDU solution in terms of transmission overhead.
Observation 5: The gain difference between control PDU solution and header-only PDU solution becomes larger if more PDCP data PDUs are pre-processed and stored in RLC buffer.

3. Specification impact
It is obvious that solution 1 is much simpler than solution 2, as can be seen in TP of [POST125][017][XR] PDCP report. The solution 1 reuses legacy state variable handling in both transmit and receive operations, and very simple change to introduce header-only PDCP data PDU would be sufficient.
On the other hand, the solution 2 requires lots of further discussion and huge specification impact as follows:
· Design of a new PDCP control DPU, e.g. bitmap or range, FDC or FDSN.
· Whether to include discarded SDUs already reported by the previous PDCP control DPU in the current PDCP control PDU.
· How to control the frequency of PDCP control PDU transmission. A prohibit mechanism may be needed.
· State variable handling in receive operation for PDCP SDUs indicated as “discard”.
· Data part handling in receive operation for PDCP SDUs indicated as “discard”.
Observation 6: Header-only PDU solution is much simpler than control PDU solution in terms of specification impact.

4. Summary of comparison between two solutions
	Reordering delay
Small number of pre-processing
	Reordering delay
Large number of pre-processing
	Overhead
Small number of pre-processing
	Overhead
Large number of pre-processing
	Specification impact

	Solution 1 is slightly better
	Solution 1 is much better
	Solution 2 is slightly better
	Solution 2 is much better
	Solution 1 is much better



It has been common understanding from Rel-15 that not many PDCP SDUs are pre-processed and placed in RLC buffer. If less than 10 PDCP SDUs are pre-processed, the two solutions are not much different in terms of reordering delay and transmission overhead. 
Observation 7: From the reordering delay and transmission overhead point of view, the difference between two solutions is not that much if not many PDCP SDUs are pre-processed (which is basic assumption from Rel-15).
Then, the choice between two solutions should be made based on the specification impact. As the solution 1 is much simpler than the solution 2 from the specification impact point of view, we think solution 1 should be adopted in Rel-18. If solution 2 is adopted, multiple rounds of further discussion is expected, and it is not proper to pursue this solution at this late stage of Rel-18.
Proposal: Adopt the header-only PDCP data PDU solution for PDCP SN gap reporting.

3.	Proposals
In this paper, we analyse the two solutions for PDCP SN gap reporting, and make following observations:
Observation 1: Header-only PDU solution is better than control PDU solution in terms of reordering delay.
Observation 2: The gain difference between header-only PDU solution and control PDU solution becomes larger if more PDCP data PDUs are pre-processed and stored in RLC buffer.
Observation 3: To reduce the reordering delay in control PDU solution, a new mechanism to prioritize transmission of RLC SDU including the new PDCP control PDU needs to be introduced in RLC.
Observation 4: Control PDU solution is better than header-only PDU solution in terms of transmission overhead.
Observation 5: The gain difference between control PDU solution and header-only PDU solution becomes larger if more PDCP data PDUs are pre-processed and stored in RLC buffer.
Observation 6: Header-only PDU solution is much simpler than control PDU solution in terms of specification impact.
Observation 7: From the reordering delay and transmission overhead point of view, the difference between two solutions is not that much if not many PDCP SDUs are pre-processed (which is basic assumption from Rel-15).
Based on the observations, we have following proposal:
Proposal: Adopt the header-only PDCP data PDU solution for PDCP SN gap reporting.
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