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1.	Introduction
At RAN2#123, there was a big discussion on PSI based PDCP discard mechanism, but no conclusion was made. During the offline discussion [205], several options were identified, but two options below are most promising ones among them.
· Option A: Timer-based set a new discard timer value, i.e. a congestion timer value.
· These congestion values should be possible to configure with different values for different PSI levels (otherwise the mechanism would not be PSI based).
· Option B: Threshold-based drops directly PDU Sets which have PSI below the threshold (e.g. as soon as they enter the buffer or directly when the PSI based discarding is activated in the UE).
After online discussion, RAN2 concluded to make decision at RAN2#123bis meeting.
No decision now. Companies should bring detailed Stage-3 proposals, preferably co-signed by several supporters, to the next meeting, at which time RAN2 aims to decide on which solution to use.

In this paper, we analyse two options in detail, and suggest a way forward.

2.	Discussion
First, it should be discussed in which case the PSI based PDCP discard mechanism is used. 
In legacy, the network has various means to block the UE’s UL transmission at congestion situation. The network can block the UE’s CG transmission by deactivating the Configured Grant, and can also block the UE’s DG transmission by not providing UL grant to the UE. If the UL transmission is blocked, the PDCP SDUs are eventually discarded after the expiry of the discard timer.
Observation 1. There are already means for the network to block the UE’s UL transmission at network congestion situation, e.g. deactivating CG or not providing UL grant.
The new discard mechanism is introduced to selectively discard PDCP SDUs according to the PSI level at network congestion situation. In other words, the new discard mechanism is used when the network wants to block the UE’s UL transmission of lower importance PDCP SDUs but not block the transmission of higher importance PDCP SDUs. Thus, it is important to discard lower importance PDCP SDUs immediately when the network feels congestion.
Observation 2. The purpose of PSI based PDCP discard mechanism is to selectively block the transmission of lower importance PDCP SDUs at network congestion situation.
In the timer-based mechanism, upon reception of the congestion indication, one discard timer value is applied to lower importance PDCP SDU and a potentially different discard timer value is also applied to higher importance PDCP SDU. However, it is not expected that running discard timers are updated on the fly (e.g. such limitation is explicitly captured in MAC specification for MAC timers) so that running discard timers are kept running until expiry. Therefore, the new timer values are applied only to PDCP SDUs newly received from upper layer. In other words, the PDCP SDUs already stored in the PDCP buffer are not affected by the congestion indication and the lower importance PDCP SDUs can still be transmitted even after the congestion indication is received. This is inconsistent treatment to the packets belonging to the PDU sets with the same PSI level. If new timer values should be applied immediately, a new mechanism should be introduced to handle the running discard timer for the stored PDCP SDUs. 
Note that the discardTimer value is set according to delay requirement (or above if network wants to ensure late data is still transmitted and delivered to the application), and could be up to 1500ms. Before the discard timer expires, all PDCP SDU are still expected to be transmitted, which will not mitigate congestion in time.
discardTimer            ENUMERATED {ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200, ms250, ms300, ms500, ms750, ms1500, infinity}       OPTIONAL, -- Cond Setup
[bookmark: _GoBack]Observation 3. Timer-based mechanism may not discard lower importance PDCP SDUs immediately at network congestion situation, even with discard timer value = 0. 
In the threshold-based mechanism, upon reception of the congestion indication, the UE discards PDCP SDUs whose importance is lower than a threshold, regardless of discard timer. The threshold is either pre-configured or dynamically signalled in the congestion indication. As the UE discards lower importance PDCP SDUs immediately upon reception of the congestion indication, the transmission of lower importance PDCP SDUs can be blocked. Thus, this solution can mitigate congestion situation in time.
Observation 4. Threshold-based mechanism can discard lower importance PDCP SDUs immediately at network congestion situation.

Another aspect to consider is impact to Delay Status Reporting. In RAN2#123, RAN2 agreed followings:
RAN2#123
Support threshold based DSR reporting, e.g. DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS.

In the timer-based mechanism, if shorter discard timer values are configured to lower importance PDCP SDUs at network congestion situation, it is easily expected that DSR is triggered more frequently in network congestion situation. This makes the congestion situation even worse. 
Observation 5. Timer-based mechanism would trigger DSR more frequently in network congestion situation, which makes the congestion situation even worse.
There is a way to avoid DSR trigger for lower importance PDCP SDUs, e.g. make DSR triggered only by higher importance PDCP SDUs. But, it makes the DSR procedure very much complicated because the UE has to identify the PSI level of the PDCP SDU that triggers the DSR.
Observation 6. To avoid frequent DSR trigger in timer-based mechanism, the UE has to identify the PSI level of the PDCP SDU that triggers the DSR, which makes the DSR procedure much complicated.
In the timer-based mechanism, one benefit may be not always dropping all low-importance PSIs. Depending on whether the network is able to configure a reduced discard timer for such low-importance PSIs, it can achieve reducing the data queue to a reasonable level while not discarding all of them. But, it ends-up aiming at solving the congestion while, at the same time, minimizing the amount of dropped data, which are contradictory goals. Therefore, it is very tricky for the network to assess (if possible at all) which reduced timer value will achieve this goal. And, the risk is that the reduced timer is not aggressive enough to solve the congestion at all.
Observation 7. Solving the congestion while, at the same time, minimizing the amount of dropped data, are contradictory goals, so, in the timer-based mechanism, it is very tricky for the network to assess (if possible at all) which reduced timer value will achieve this goal, with the risk that it is not aggressive enough to solve the congestion issue.

Based on the observations above, the co-sourcing companies think that the threshold-based mechanism is more aligned with original purpose of PSI-based discard and much simpler than timer-based mechanism. Thus, the co-sourcing companies propose to adopt the threshold-based mechanism for PSI-based discard.
Proposal: Adopt the threshold-based mechanism for PSI-based discard.

3.	Conclusions
In this document, the co-sourcing companies analyzed timer-based mechanism and threshold-based mechanism, and made following observations.
Observation 1. There are already means for the network to block the UE’s UL transmission at network congestion situation, e.g. deactivating CG or not providing UL grant.
Observation 2. The purpose of PSI based PDCP discard mechanism is to selectively block the transmission of lower importance PDCP SDUs at network congestion situation.
Observation 3. Timer-based mechanism cannot block the transmission of lower importance PDCP SDUs at network congestion situation, even with discard timer value = 0. 
Observation 4. Threshold-based mechanism can block the transmission of lower importance PDCP SDUs at network congestion situation.
Observation 5. Timer-based mechanism would trigger DSR more frequently in network congestion situation, which makes the congestion situation even worse.
Observation 6. To avoid frequent DSR trigger in timer-based mechanism, the UE has to identify the PSI level of the PDCP SDU that triggers the DSR, which makes the DSR procedure much complicated.
Observation 7. Solving the congestion while, at the same time, minimizing the amount of dropped data, are contradictory goals, so, in the timer-based mechanism, it is very tricky for the network to assess (if possible at all) which reduced timer value will achieve this goal, with the risk that it is not aggressive enough to solve the congestion issue.
Based on the observations, the co-sourcing companies propose to adopt the threshold-based mechanism for PSI-based discard.
Proposal: Adopt the threshold-based mechanism for PSI-based discard.
The draft TP of threshold-based mechanism is attached in the Annex.

Annex. Proposed TP to 38.323

	38.323
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When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. 
When the [congestion] is indicated, if psi-BasedDiscard is configured, the transmitting PDCP entity shall:
-	discard all PDCP SDUs belonging to the PDU Set whose PSI value is larger than a [threshold] along with the corresponding PDCP Data PDUs.
If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
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