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1.	Introduction
Whether the PDCP discard information should be notified to the receiving PDCP entity was discussed at the RAN2#124 meeting, but no conclusion was made. This document analyses this issue in detail, and proposes a way forward based on the analysis.

2.	Discussion
In the transmitting PDCP entity, when to associate COUNT to the PDCP SDU is left up to UE implementation. When a PDCP SDU is received from upper layer, the transmitting PDCP entity immediately starts the discard timer, but SN association is not an immediate process. 
If a PDCP SDU not associated with COUNT is discarded, there is no SN gap occurs in the receiving PDCP entity, and the discard notification is not needed.
Observation 1: Discard notification is not needed if PDCP SDU not associated with COUNT is discarded.

Even if PDCP SDU already associated with COUNT is discarded in the PDCP layer, the RLC layer keeps transmitting or retransmitting the RLC SDU if any segment of it is already transmitted. Thus, if any segment of RLC SDU is already transmitted, SN gap does not occur in the receiving PDCP entity. Then, there is no need to transmit discard notification in this case.
Observation 2: Discard notification is not needed if any segment of RLC SDU is already transmitted.

The only case the discard notification may need to be transmitted is when a PDCP SDU already associated with COUNT is discarded in the PDCP layer, and no segment of the corresponding RLC SDU is transmitted in the RLC layer. In this case, SN gap occurs in the receiving PDCP entity, and the corresponding PDCP SDU will not be transmitted from the transmitting PDCP entity because it is already discarded.
However, it should be noted that this case happens when PDCP SDUs are stored in the RLC buffer and not transmitted due to bad radio condition. In this case, if discard notification is generated, it is also likely not to be transmitted due to bad radio condition. If the discard notification is stored in the buffer, it only delays the transmission of next PDCP SDUs.
Observation 3: Discard notification may be beneficial if PDCP SDU already associated with COUNT is discarded in the PDCP layer and no segment of corresponding RLC SDU is transmitted. However, this case happens when radio condition is bad, and generating the discard notification in this case makes situation worse.

Even if the discard notification is transmitted, the benefit is marginal with following reasons.
The t-Reordering starts when the a PDCP SDU is received out-of-sequence. While the timer is running, other PDCP SDUs may be received, and they are stored in the reception buffer if out-of-sequence. When the timer expires, the stored PDCP SDUs are delivered to upper layer if the COUNT value is less than the COUNT of the PDCP SDU for which t-Reordering starts (RX_REORD). For the PDCP SDUs whose COUNT value is larger than RX_REORD, they are delivered to upper layer if the COUNT values consecutively follow the RX_REORD, and kept stored in the buffer if the COUNT values does not consecutively follow the RX_REORD. If any PDCP SDUs still remain in the PDCP reception buffer after the t-Reordering expires, the receiving PDCP entity starts another t-Reordering for the PDCP SDU with the highest COUNT value.


This t-Reordering behaviour means that no matter how many PDCP SDUs are discarded in the transmitting PDCP entity, the maximum reordering delay for a PDCP SDU is one t-Reordering time. Thus, in XR, the reordering delay is not increased but same as the legacy.
Observation 4: Even if SN gap occurs, the maximum reordering delay for a PDCP SDU is one t-Reordering time no matter how many PDCP SDUs are discarded in the transmitting PDCP entity.

If the discard notification is introduced, it can reduce reordering delay. However, as explained in observation 4, the benefit is bounded by one t-Reordering time. Then, this benefit is not critical, even of no value, considering that the value of t-Reordering is typically set similar to PDB. Reducing the reordering delay within the boundary of PDB doesn’t have any value.
Observation 5: Discard notification reduces reordering delay within the boundary of PDB, which has no real benefit.

Based on the observations above, we think there is no benefit to introduce a discard notification mechanism. Moreover, there is no real issue to solve using the discard notification mechanism. Unless a real issue identified, we propose not to consider the discard notification mechanism.
Proposal: Do not consider discard notification mechanism unless a real issue is identified.

3.	Proposals
In this paper, we analyse the discard notification in detail, and make following observations:
Observation 1: Discard notification is not needed if PDCP SDU not associated with COUNT is discarded.
Observation 2: Discard notification is not needed if any segment of RLC SDU is already transmitted.
Observation 3: Discard notification may be beneficial if PDCP SDU already associated with COUNT is discarded in the PDCP layer and no segment of corresponding RLC SDU is transmitted. However, this case happens when radio condition is bad, and generating the discard notification in this case makes situation worse.
Observation 4: Even if SN gap occurs, the maximum reordering delay for a PDCP SDU is one t-Reordering time no matter how many PDCP SDUs are discarded in the transmitting PDCP entity.
Observation 5: Discard notification reduces reordering delay within the boundary of PDB, which has no real benefit.
Based on the observations, we propose following:
Proposal: Do not consider discard notification mechanism unless a real issue is identified.
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