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1. Introduction
During RAN2#99 meeting, pre-processing in RLC was confirmed, with the understanding that in NR it is possible for the UE to generate RLC PDUs before the arrival of a transmit opportunity. It was also confirmed that such pre-processing will be allowed in case of split bearer.
In parallel, it also appeared that there is an interest to use the split bearer in an “UL switch mode”, where the transmission path is configured (similarly as LTC DC Rel-12). The following was agreed:

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.  
This contribution discusses the need to perform PDCP retransmissions towards the new UL path when performing UL path change, knowing that one of the main use cases is that the original UL path encounters issues (e.g. temporary blockage due to using millimeter waves spectrum). Such PDCP retransmissions can be useful both for AM and UM bearers.

In addition, this contribution also discusses the need for PDCP retransmissions in case a UM bearer is used, during reconfigurations in which a re-establishment would take place. Indeed, due to the allowed pre-processing in RLC layer, such reconfigurations could result in an important loss of PDCP PDUs (not under control, since the pre-processing is not limited for single connectivity), which even for UM does not seem acceptable.
2. Discussion
2.1. Split bearer UL path change
During RAN2#99 meeting, a strong interest was shown for using a split bearer in a “switch mode”, whereby at a given time only one link  is used to transfer PDCP PDUs.

This is typically useful for instance if one link is a NR link susceptible to encounter temporary blockage (high frequencies), while the other link is an LTE link (it could also be a NR link at lower frequencies), which can be used as a backup in the meanwhile:
· In DL, the NW can schedule on either link 
· In UL, the NW can (re)configure a preferred link, e.g. signal the UE to use the fallback link when the NR link encounter issues
Currently, it is up to the RLC on the old link to end up the transmission of whatever was submitted by PDCP before the UL path change. However, in the scenario where the UL path change was due to an UL issue on that link, it is likely that the (re)transmission of the remaining RLC SDUs/PDUs could be significantly delayed. This issue is aggravated by the possible pre-processing of RLC PDUs, which increase the amount of data which remains to be transmitted over the old leg.
When performing the UL path change for such reason, it seems preferable to be able to retransmit the PDCP PDUs pending successful transmission in the old link towards the new link. Those PDUs can be (as much as possible) discarded in the old link, to avoid useless transmissions.
It can be noted that for DL, a similar scenario has lead RAN3 to start defining a “Mechanism of centralized retransmission of lost PDUs”, as described in 38.401.

Observation 1: When reconfiguring the UL path due to UL issues on the former link, it can be useful to perform a retransmission of PDCP PDUs pending transmission in the old link
In our view, such PDCP retransmission shall be performed only when the UL path change is related to an UL issue on the first link. Hence, it should be performed only upon request by the NW, which could signal it along with the UL path change.
Proposal 1: Upon UL path change, the NW can request the UE to perform retransmission of PDCP PDUs previously submitted to the old link towards the new link
Below, we detail further how it could work for AM/UM.
2.1.1. AM bearer

For an AM bearer, it could be possible to perform a PDCP data recovery / RLC re-establishment. This retransmits all PDCP PDUs previously submitted to re-established AM RLC entity in ascending COUNT order starting from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers.

However, the drawback of this approach is that the RLC re-establishment would impact DL transfer as well.

An alternative is to perform a PDCP data recovery without RLC re-establishment. Instead of performing RLC re-establishment, the RLC entity can just be required to perform a “full discard”, i.e. to discard all RLC SDUs and pre-generated RLC PDUs pending initial transmission (see our contribution [1]), in order to limit the data transmission on the old leg. Some PDCP PDUs will be received twice, but duplicates can be handled by the receiver. The PDCP status report can also be sent to the UE to limit the duplicates.
Proposal 2: For AM bearer, the PDCP data recovery procedure is re-used, along with a “full discard” of RLC (instead of RLC re-establishment)
The figure below describes the retransmission.
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2.1.2. UM bearer
For a UM bearer, a similar mechanism can be used. Currently, the PDCP data recovery is only defined for AM bearer.
However, it could be adapted for a UM bearer, by retransmitting PDCP PDUs previously submitted to the re-established transmitting UM RLC entity in ascending COUNT order starting from the first PDCP PDU which was successfully discarded, if any. For UM, RLC TX and RLC RX entities are separated, hence the re-establishment of the transmitting UM RLC entity might be used in place of the “full discard” procedure to avoid introducing a new procedure.
This enables to mitigate the large delay or possible loss of PDCP PDUs which were pre-processed into RLC PDUs in the old leg (in case of UL issue in the old leg, these PDUs would be typically either lost or so much delayed that they would be discarded by the PDCP receiver).

Proposal 3: For UM bearer, the PDCP data recovery procedure is adapted to perform retransmission of submitted PDCP PDUs from the first PDCP PDU which was successfully discarded, if any.

In the figure above, that would mean that the retransmitted PDCP PDUs only start from 7, followed by 8 and 9.
2.2. UM bearer PDCP / RLC re-establishment
Upon UM bearer reconfigurations involving a PDCP / RLC re-establishment (e.g., handover, bearer change type between MCG/SCG, etc), the RLC re-establishment would discard the pre-generated RLC PDUs. The amount of pre-generated RLC PDUs is not expected to be limited, at least in the non-split bearer case.

In would be desirable to avoid such bad behaviour and ensure that the corresponding PDCP SDUs are retransmitted by PDCP. This would also ensure a consistent behaviour across various UE implementations.

Proposal 4: In case of UM bearer PDCP / RLC re-establishment, the PDCP SDUs corresponding to pre-generated RLC PDUs in the re-established RLC transmitting entity are retransmitted
3. Conclusion 
In this contribution, we discussed the need to perform PDCP retransmissions:
· in case of UL path change, towards the new UL path, for AM or UM

· during reconfigurations in which a re-establishment would take place, for UM 

We made the following observations and proposals:
Observation 1: When reconfiguring the UL path due to UL issues on the former link, it can be useful to perform a retransmission of PDCP PDUs pending transmission in the old link
Proposal 1: Upon UL path change, the NW can request the UE to perform retransmission of PDCP PDUs previously submitted to the old link towards the new link
Proposal 2: For AM bearer, the PDCP data recovery procedure is re-used, along with a “full discard” of RLC (instead of RLC re-establishment)
Proposal 3: For UM bearer, the PDCP data recovery procedure is adapted to perform retransmission of submitted PDCP PDUs from the first PDCP PDU which was successfully discarded, if any.
Proposal 4: In case of UM bearer PDCP / RLC re-establishment, the PDCP SDUs corresponding to pre-generated RLC PDUs in the re-established RLC transmitting entity are retransmitted
A TP is proposed in the Annex.
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5.1.2
PDCP entity re-establishment

When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this section. After performing the procedures in this section, the UE shall follow the procedures in subclause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-
for UM DRBs and AM DRBs, reset the header compression protocol for uplink and start with an IR state in U-mode [8] [9] if drb-ContinueROHC is not configured [3];
-
for UM DRBs and SRBs, set TX_NEXT to the initial value; UM SRB is possible??
-
for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-
apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-
apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-
for UM DRBs, for each PDCP SDU already associated with a PDCP SN but for which a corresponding PDU has not previously been submitted to lower layers, or was successfully discarded by the re-established transmitting UM RLC entity  :
-
consider the PDCP SDUs as received from upper layer;
-
perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer.
-
for AM DRBs, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below: 
-
perform header compression of the PDCP SDU as specified in the subclause 5.7.4;

-
perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.9 and 5.8;

-
submit the resulting PDCP Data PDU to lower layer.
5.5
Data recovery

For AM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), transmit a PDCP status report as described in subclause 5.4.1;
-
perform retransmission of all the PDCP Data PDUs previously submitted to re-established AM RLC entity or AM RLC entity for which UL path is no longer configured in ascending order of the associated COUNT values from the first PDCP Data PDU for which the successful delivery has not been confirmed by lower layers.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in subclause 5.2.1.
For UM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-
perform retransmission of all the PDCP Data PDUs previously submitted to re-established transmitting UM RLC entity in ascending order of the associated COUNT values from the first PDCP Data PDU successfully discarded by the re-established transmitting UM RLC entity, if any.
38.331
A new parameter is proposed in RRC Reconfiguration message, which can be optionally indicated along with the indication of the UL transmission path in case the split bearer is used with a configured UL transmission path. This parameter indicates when there is a UL transmission path change whether the data recovery procedure needs to be performed.

In case of RRC reconfiguration of a split bearer from leg A to leg B, if this parameter is set, RRC shall instructs PDCP to perform the data recovery procedure and a RLC entity “full discard” (or transmitting UM RLC entity re-establishment in case of UM).


_1568156260.vsd
NR PDCP


4


Leg A


3


5


2


1


0


6


7


8


9


PDCP PDUs with successful delivered confirmed



