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1. Introduction
During previous RAN2 meetings, it 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.  
A particular use case is related to blocking of NR radio link. 
During RAN2#99bis meeting, based on discussion of [1], it was agreed to send an LS to RAN3 [2]:

“RAN2 has further discussed the issue and sees benefit in such case that both MN and SN should be kept aware of whether the node is expected to serve all uplink data of a split bearer, or to serve none at all. For this reason, switching the uplink path of a split bearer should be able to be requested by MN and SN from one another, for instance, in the case of blocking of the configured uplink path.”
Moreover, during UP discussions, the following was captured, as there was substantial support for data recovery in this case:

=>
FFS on UE behaviour upon UL path switch (e.g. retransmissions and data recovery)

In this contribution, we discuss further L2 actions when performing UL path switch.

2. Discussion
2.1. Need for UL Retransmissions
In the case of “blocking of the configured uplink path” (as suggested in the LS sent to RAN3), it can be desirable to switch the UL transmission path (for instance towards the LTE path in an EN-DC configuration) in order to use it as a fallback.
In our view, the “blocking of the configured uplink path” may not be a complete blocking. In the case of a complete uplink failure, there is no physical, HARQ, or ARQ feedback possible in UL. Even if the DL has no issue, the link cannot be used. In such case, it might be better to fallback to single connectivity.
Hence, we assume that the UL switch is likely to be triggered when the UL is sufficiently degraded. 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 switch. In the considered scenario, 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 switch 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 switch 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 switch.
Proposal 1: Upon UL path switch, the NW can request the UE to perform retransmission of PDCP PDUs previously submitted to the old link towards the new link
In the following, we discuss 2 ways to implement such retransmissions.
2.2. PDCP data recovery / RLC re-establishment
It could be possible to perform a PDCP data recovery / RLC re-establishment. This procedure 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.
Performing a RLC re-establishment on a link implies a reset of RLC SNs in both directions. On the UE side, receiving old RLC PDUs after having performed RLC re-establishment would lead to a protocol failure. Hence UE and NW needs to be synchronized: the DL transmission on the old link needs to be interrupted first, and may resume only upon confirmation that the re-establishment on UE side was performed. 

In LTE, or currently in NR, RLC is re-established only when there is an underlying change of lower layers (e.g., HO or change of cell group), or before being released. It is never possible to receive old RLC PDUs after the RLC re-establishment, as the RLC entity is no longer “connected” to the same underlying lower layers.

Observation 2: In LTE, RLC re-establishment is never used while there is no underlying change of lower layers (e.g. HO or change of cell group), preventing protocol failure

In the considered use case, there is no underlying change of lower layers. Hence, there is nothing preventing old RLC PDUs to be received after the RLC re-establishment. This has to be taken care of by the NW, and would need careful protocol design from RAN3 (given that there are several scenarios: the UL path switch can be triggered by either node, the blocked path might be the master or the secondary, etc).

Observation 3: Using RLC re-establishment implies to interrupt/resume DL transfer, and needs careful RAN3 protocol design

2.3. PDCP data recovery / RLC SDUs discard
An alternative is to perform a PDCP data recovery without RLC re-establishment. 
Instead of performing RLC re-establishment, in order to limit the data transmission on the old leg, the RLC entity can just be required to perform a “full RLC SDUs discard”, i.e. to discard all RLC SDUs and pre-generated RLC PDUs pending initial transmission. 
Compared to an RLC re-establishment, partially transmitted RLC SDUs will not be discarded,  and possibly retransmissions of unacknowledged RLC PDUs might happen on the old link. However, as discussed above, our understanding is that the UL should not be completely blocked yet, hence this could be enough in most of the scenarios. If the UL happens to be completely blocked, a RLF will be triggered (e.g. upon reaching maximum of RLC retransmissions) and the natural consequence would be to release the link.

Such solution is
· simpler: no need of additional procedures on NW side (as there is no RLC re-establishment, there is no need to “synchronize” UE and NW)
· more efficient in DL (no need to interrupt)

Some PDCP PDUs will be received twice on NW side, 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: The PDCP data recovery procedure is re-used, along with a “full RLC SDUs discard” of RLC (instead of RLC re-establishment)
The figure below describes the retransmission.
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This can be implemented without additional RRC impact. Upon UL path switch, the recoverPDCP (or equivalent) indicates whether retransmissions are needed (e.g. case of “UL blocking”) or not (e.g. case of “load balancing”). Then, if RLC of the source link is not re-established (e.g. reestablishRLC not set), PDCP shall trigger the discard of all previously submitted PDPC PDUs.

3. Conclusion 
In this contribution, we discussed UL path switch scenario, and 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 switch, the NW can request the UE to perform retransmission of PDCP PDUs previously submitted to the old link towards the new link
Observation 2: In LTE, RLC re-establishment is never used while there is no underlying change of lower layers (e.g. HO or change of cell group), preventing protocol failure
Observation 3: Using RLC re-establishment implies to interrupt/resume DL transfer, and needs careful RAN3 protocol design
Proposal 2: The PDCP data recovery procedure is re-used, along with a “full RLC SDUs discard” of RLC (instead of RLC re-establishment)
A TP is proposed in the Annex.
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Annex – TP
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 if any, or AM RLC entity for which UL path is no longer configured otherwise, 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. In the latter case, PDCP shall request the discard of those PDCP data PDUs to the AM RLC entity for which UL path is no longer configured.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in subclause 5.2.1.
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