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1	Introduction
A detailed discussion on informing the receiver of discarded PDCP SDUs took place at the last meeting but without the possibility to reach a conclusion [R2-2313923]. This contribution reiterates our views and presents further justification. We also discuss PSI-based discarding on split bearers.
2	Discussion
2.1	PSI-based discarding on split bearers
For split bearers configured over two MAC entities, RAN2 has not discussed the case where the MAC CE to activate PSI-based discarding on the bearer has been received over one MAC entity but not over the other. It is fair to assume that the network-side MAC entities will send these MAC CEs independently of each other. 
In our view, congestion in only one cell group, especially the one associated with the split secondary RLC entity of the split bearer, should not cause adoption of the shorter discardTimerForLowImportance on the bearer if the other cell group is not congested.
Proposal 1: on a split bearer configured over two MAC entities, PSI-based discarding is not activated if the MAC CE to activate it has been received over one MAC entity only.
2.2	Discard notification from PDCP transmitter to receiver
For discarded PDCP PDUs not yet submitted to lower layers, it has been proposed that their PDCP SNs can always be re-assigned to other PDUs, thereby avoiding any gaps in PDCP SNs at reception. However, changing the PDCP SN and hence COUNT associated with a PDU requires re-doing all the COUNT-dependent security processing for the PDU, which takes time which may not be available before the PDU is needed at lower layers. If the security re-processing is done anyway, it will hold back the transmission of the PDUs and potentially waste uplink grant(s).
Observation 1: Re-assigning the PDCP SNs of discarded PDCP PDUs not yet submitted to lower layers is not always an option because it requires security re-processing of the PDUs receiving those SNs, which may prevent their timely transmission to fully utilize the scheduled radio resources.
It has also been claimed that regardless of how discarding occurs, the reordering delay is at most one t-Reordering duration. However, this does not hold because the specification states:
If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per receiving PDCP entity is running at a given time.
The following is a more concrete counterexample:
1.	PDU #10, the last PDU of a previous data burst, is discarded. At reception, RX_DELIV = 10.
2.	From the next burst, PDUs #11-13 are transmitted:
-	When PDU #11 is received, it starts t-Reordering with RX_REORD = RX_NEXT = 12;
-	PDU #12 is lost or delayed on lower layers;
-	In the next MAC PDU (while t-Reordering is running), PDU #13 is received, making RX_NEXT = 14 > RX_DELIV. However, t-Reordering is not started again with RX_REORD = RX_NEXT = 14 before it expires. 
In this example, the SDU in PDU #13 is not delivered to upper layers until t-Reordering started by reception of PDU #11 runs until expiry, t-Reordering is started again, and it runs until expiry. Hence the reordering delay experienced by this SDU can be arbitrarily close to 2 t-Reordering durations (because PDUs #11 and #13 could even be carried in different MAC PDUs transmitted in the same TTI).
Observation 2: Resulting from the current specification, depending on how discarding occurs, the reordering delay experienced by a PDCP SDU can be up to 2 t-Reordering timer durations. This can cause exceeding PDB if RLC and MAC retransmission, and hence the t-Reordering duration, are allowed to take almost one PDB.
In contrast, if PDU #11 could indicate that PDU #10 is not to be expected, its reception would not need to start t-Reordering, and the reordering delay could be kept to a single t-Reordering duration.
Observation 3: In addition to the more typical cases where introducing a discard notification from PDCP transmitter to receiver would avoid a reordering delay of a single t-Reordering timer duration, there are also cases where it would reduce reordering delay from 2 t-Reordering timer durations to a single duration.
If a discard notification should be lost, it does not cause any protocol error, only an occurrence of a prolonged reordering delay.
Observation 4: Introducing a discard notification from PDCP transmitter to receiver does not require introducing any error handling for the possible loss of a discard notification transmitted.
Considering discarding due to bad radio conditions, it has been stated that sending a discard notification would not be worthwhile because it is equally unlikely to be delivered successfully. It seems equally fair to say that about sending further data.
Observation 5: Considering discarding due to bad radio conditions, if sending further Data PDUs is worthwhile, it is also worthwhile to send a discard notification.
Given the above observations, we repeat our proposals to the previous meeting.
Proposal 2: introduce an indication from the transmitting PDCP entity to the receiving PDCP entity that reception of PDU(s) with given SN(s) is not to be expected.
A PDCP control PDU seems poorly suited for notifying the receiving entity about discarding, because:
-	Avoiding reordering delay from the discarding requires notifying the receiver as soon as possible, AND
-	Discarding can be frequent.
Taken together, these factors could result in very frequent control PDUs. Therefore, we propose that discarding is indicated to the receiving entity in-band, in the Data-PDU header.
Observation 6: Using a PDCP control PDU to indicate PDCP discards to the receiving entity, if really meant to avoid reordering delay, could result in very frequent generation of such a control PDU.
Proposal 3: discarding is indicated to the receiving PDCP entity in the Data-PDU header.
Because reordering delay at the receiving entity only really starts upon receiving a PDU higher-numbered than those discarded, we propose that the Data-PDU header indicates how many PDUs with consecutive associated COUNT values immediately preceding this PDU the data-receiving PDCP entity should not expect to receive.
Proposal 4: the PDCP Data-PDU header indicates how many PDUs with consecutive associated COUNT values immediately preceding this PDU the data-receiving PDCP entity should not expect to receive.
Presently integrity protection, when configured, also applies to the Data-PDU header. It should be possible to set value of the new discard-indication header field, proposed above, in a given Data PDU as late as possible before submission of the PDU to RLC. However, if this new field is integrity-protected, performing the integrity-protection i.e. computing the MAC-I, and ciphering the MAC-I, can only be done once this field has its value finalized. We therefore propose that the new header field proposed above is not integrity protected – just like it would not be if carried in a PDCP control PDU.
Proposal 5: the new indication of discarded PDUs in the PDCP Data-PDU header is not integrity-protected (like the same indication in a PDCP control PDU would not be).
3	Conclusion
This document has made the following observations:
Observation 1: Re-assigning the PDCP SNs of discarded PDCP PDUs not yet submitted to lower layers is not always an option because it requires security re-processing of the PDUs receiving those SNs, which may prevent their timely transmission to fully utilize the scheduled radio resources.
Observation 2: Resulting from the current specification, depending on how discarding occurs, the reordering delay experienced by a PDCP SDU can be up to 2 t-Reordering timer durations. This can cause exceeding PDB if RLC and MAC retransmission, and hence the t-Reordering duration, are allowed to take almost one PDB.
Observation 3: In addition to the more typical cases where introducing a discard notification from PDCP transmitter to receiver would avoid a reordering delay of a single t-Reordering timer duration, there are also cases where it would reduce reordering delay from 2 t-Reordering timer durations to a single duration.
Observation 4: Introducing a discard notification from PDCP transmitter to receiver does not require introducing any error handling for the possible loss of a discard notification transmitted.
Observation 5: Considering discarding due to bad radio conditions, if sending further Data PDUs is worthwhile, it is also worthwhile to send a discard notification.
Observation 6: Using a PDCP control PDU to indicate PDCP discards to the receiving entity, if really meant to avoid reordering delay, could result in very frequent generation of such a control PDU.
And proposed the following:
Proposal 1: On a split bearer configured over two MAC entities, PSI-based discarding is not activated if the MAC CE to activate it has been received over one MAC entity only.
Proposal 2: introduce an indication from the transmitting PDCP entity to the receiving PDCP entity that reception of PDU(s) with given SN(s) is not to be expected.
Proposal 3: discarding is indicated to the receiving PDCP entity in the Data-PDU header.
Proposal 4: the PDCP Data-PDU header indicates how many PDUs with consecutive associated COUNT values immediately preceding this PDU the data-receiving PDCP entity should not expect to receive.
Proposal 5: the new indication of discarded PDUs in the PDCP Data-PDU header is not integrity-protected (like the same indication in a PDCP control PDU would not be).







