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1      Introduction
In RAN2#99bis meeting, it was discussed whether PDCP data recovery should be performed in case of UL data path switching. No conclusion was made and it is FFS on UE behavior upon UL path switch (e.g. retransmissions and data recovery).
In this contribution, we discuss the UE behavior on UL path switching from user plane’s perspective.
2      Discussion
UL path switching is supported in LTE Rel-12 DC by RRC reconfiguration of IE ul-DataSplitDRB-ViaSCG-r12. In LTE, after discussion of R2-143616 [2], RAN2 agreed “At UL direction change, RLC keeps retransmitting RLC PDUs, and eNB PDCP performs PDU reordering”, i.e. there is no special handling in user plane when the UL path is switched.

In NR, UL path switching is also supported. How to configure the UL path is handled in email discussion [99bis#18][NR] L2 parameters in RRC. Most companies prefer to define an IE (e.g. defaultRLC) in PDCP-Config, similar to LTE. UL path switching can then be signaled in RRC reconfiguration of the IE defaultRLC. The key difference between LTE and NR is that pre-processing is allowed in NR. Therefore discussion is needed on how to handle the pre-processed data.
Before further discussion, it is necessary to discuss the scenarios for UL path switching. In the following discussion, we denote the CG from which the UL path is switched as the source CG. There are mainly two scenarios:

· Scenario A: the source CG undergoes temporary blockage in high frequencies (e.g. as discussed in contribution [3]). UL path is switched from the problematic CG to the other CG. In this scenario, it is expected that UL transmissions cannot continue in source CG, and DL is also impacted.
· Scenario B: the source CG’s radio quality goes below a certain threshold but is still good enough for a while for UL transmissions after path switching. This scenario is similar to what is discussed in LTE Rel-12 DC. In this scenario, typically DL radio quality of the source CG is still good enough for DL split bearer.
In NR, PDCP recovery procedure is defined in TS 38.323 subclause 5.5, as copied below:
	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 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.


Basically, the following is performed during PDCP recovery:
· PDCP status reporting for DL, if configured.

· RLC entity is re-established.
· PDCP retransmission for the re-established RLC entity

The discussion below is focused on these three aspects. The discussion is on RLC AM only since it was agreed in RAN2#99bis meeting that “PDCP data recovery procedure is not defined for UM DRBs.”
Whether RLC should be re-established and whether PDCP retransmission for UL is needed
These two aspects are related therefore they are discussed jointly.
During UL path switching, the RLC entity and corresponding logical channel in source CG is not released. In Figure 1 below, we show the protocol structure for a split bearer (in green) from UL perspective. It is assumed that PDCP data is transmitted to one CG only (to SN as in the example). 
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Figure 1: Split bearer protocol from UL perspective
In Figure 1 above, the RLC entity in SN still transmits the RLC STATUS PDU for downlink. Therefore when UL path is switched (e.g. from SN to MN), the transmitting side of the AM RLC entity in the source CG is still working. In addition, a logical channel is configured for both DL and UL. When UL path is switched, since RLC entity in the source CG is still working, there is no need to release the corresponding logical channel (note that logical channel release triggers PDCP data recovery procedure according to draft TS 38.331 subclause 5.3.5.4.3 below:

The UE shall:

1>
for each LogicalChannelIdentity value included in the logicalChannel-ToReleaseList that is part of the current UE configuration (LCH release), or

1>
for each LogicalChannelIdentity value that is to be released as the result of full configuration option according to 5.3.5.x:

2>
release the RLC entity or entities (includes discarding all pending RLC PDUs and RLC SDUs);

Editor’s Note: “Release” is not defined in 38.322. Clarify in 38.322 that all pending PDUs and SDUs are discarded.

2>
trigger the associated PDCP entity to perform data recovery (38.323 [REF], section 5.5); 

2>
release the DTCH logical channel.
Observation 1: When UL path is switched, the logical channel in the source CG is not released.
Currently for RLC AM, RLC re-establishment performs the following according to TS 38.322 subclause 5.4:

	-
if it is an AM RLC entity:
-
discard the remaining AMD PDUs in the receiving side;

-
discard all RLC SDUs, RLC SDU segments, and AMD PDUs in the transmitting side;

-
discard all RLC control PDUs.

-
stop and reset all timers;

-
reset all state variables to their initial values.


It can be seen that RLC re-establishment involves both DL and UL. In scenario A, since both UL and DL are impacted, RLC re-establishment and PDCP retransmissions are necessary. 
Observation 2: In scenario A, when UL path is switched, RLC re-establishment and PDCP retransmissions should be performed for lossless handling.
However in scenario B, it is not acceptable to impact DL performance due to UL path switching. For scenario B, the key question is how to handle the pre-processed data: whether to allow the pre-processed data (and RLC retransmissions) to be transmitted via the source CG, or to use PDCP retransmissions. In RAN2#99bis meeting, it was agreed that “A note to provide guidance to the UE will be added (e.g. the UE should minimize transmission gap among the UL split bearer)”. In email discussion [99bis#44] TP for PDCP pre-processing, most companies agreed to capture a note regarding PDCP pre-processing as follows “If the transmitting PDCP entity is associated with two RLC entities, the UE should attempt to minimize the amount PDCP PDUs submitted to lower layers before receiving request from lower layers in order to minimize the transmission gap of PDCP SN submitted to two associated RLC entities.” Given that UE won’t perform excessive pre-processing, it would be OK to allow the pre-processed data and RLC retransmissions to be transmitted via the source CG. In addition, it is also up to UE implementation to re-process the pre-processed data for the target CG. Therefore there is no need to perform PDCP retransmission for UL if path is switched. 
From above discussion, it can be seen that in scenario B, RLC re-establishment and PDCP retransmissions are not necessary.
Observation 3: In scenario B, when UL path is switched, it is not necessary to perform RLC re-establishment or PDCP retransmissions for lossless handling.
Whether PDCP status report is needed for DL

In scenario A, since RLC entity is re-established, it is necessary to send PDCP status report, if configured. In scenario B, since DL operation is not affected and RLC entity is not re-established, there is no need to perform PDCP status reporting.

Observation 4: In scenario A, when UL path is switched, a PDCP status report in the uplink should be triggered, if configured.
Observation 5: In scenario B, when UL path is switched, it is not necessary to trigger a PDCP status report in the uplink.
In summary, when UL path is switched, PDCP data recovery procedure is performed for scenario A, but is not performed for scenario B. Consequently, network should have the flexibility to configure whether to use PDCP data recovery procedure when UL path is switched. From RRC signalling perspective, one way is to have an explicit trigger for PDCP data recovery as discussed in contribution [1]. Note that such explicit trigger in RRC signalling is a general approach for various scenarios e.g. bearer type change from split bearer to non-split bearer, PSCell change without key change.
Proposal 1: When UL path is switched, it is up to network configuration whether PDCP data recovery procedure is performed or not.
3      Conclusion
In this contribution, we discuss the UE behavior on UL path switching from user plane’s perspective. 
We discuss two scenarios:

· Scenario A: the source CG undergoes temporary blockage in high frequencies. 

· Scenario B: the source CG’s radio quality goes below a certain threshold but is still good enough for a while for UL transmissions after path switching. 
We have the following observations.

Observation 1: When UL path is switched, the logical channel in the source CG is not released.
Observation 2: In scenario A, when UL path is switched, RLC re-establishment and PDCP retransmissions should be performed for lossless handling.
Observation 3: In scenario B, when UL path is switched, it is not necessary to perform RLC re-establishment or PDCP retransmissions for lossless handling.
Observation 4: In scenario A, when UL path is switched, a PDCP status report in the uplink should be triggered, if configured.
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Observation 5: In scenario B, when UL path is switched, it is not necessary to trigger a PDCP status report in the uplink.

We propose the following:
Proposal 1: When UL path is switched, it is up to network configuration whether PDCP data recovery procedure is performed or not.
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