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1. Introduction
In RAN2#100 meeting, UL path switch scenario was discussed, the following was agreed:
Agreements
1:
RRC Connection Reconfiguration that switches the uplink path can explicitly indicate (using existing indicators) whether the UE, for a given split bearer, shall perform re-establishment of an RLC and PDCP data recovery. 

FFS How this is handled in the case of pre-processing for UM-RLC (to be discussed in UP session)

This contribution discusses further the UM bearer case, and extend the discussion to PDCP reestablishment scenarios.

2. Discussion
In NR, contrary to LTE, PDCP SDUs are allowed to be pre-processed up to RLC PDUs.

Observation 1: In NR, contrary to LTE, PDCP SDUs are allowed to be pre-processed up to RLC PDUs
In an earlier meeting, it was agreed that PDCP data recovery procedure is not defined for UM DRBs. Moreover, upon reconfiguration involving PDCP reestablishment (HO, bearer type change, …) of a UM DRB, PDCP PDUs already submitted to lower layers are not retransmitted.

Hence it can be seen that for a UM bearer, in reconfigurations which involve PDCP reestablishment, or which would have involved PDCP data recovery, all PDCP SDUs pre-processed to RLC PDUs will be lost. This could result in an important loss of PDCP PDUs (not under control, since the pre-processing is not limited for single connectivity, and just limited by an informative NOTE in case of dual connectivity), which even for UM does not seem acceptable. 

Observation 2: For a UM bearer, in reconfigurations which involve PDCP reestablishment, or which would have involved PDCP data recovery, all PDCP SDUs pre-processed to RLC PDUs will be lost 
PDCP 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-processed RLC PDUs. The amount of pre-processed 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 1: In case of UM bearer PDCP / RLC re-establishment, the PDCP SDUs corresponding to pre-processed RLC PDUs in the re-established RLC transmitting entity are retransmitted
PDCP data recovery

For the same reason, it makes sense to define the PDCP data recovery procedure also for UM bearer, to perform retransmission of the PDCP PDUs corresponding to pre-processed RLC PDUs, instead of just dropping them.
Proposal 2: Introduce PDCP data recovery for UM bearer, such as the PDCP PDUs corresponding to pre-processed RLC PDUs in the re-established RLC transmitting entity are retransmitted
3. Conclusion 

In this contribution, we discussed PDCP reestablishment / data recovery for UM bearer, and made the following observations and proposals:

Observation 1: In NR, contrary to LTE, PDCP SDUs are allowed to be pre-processed up to RLC PDUs
Observation 2: For a UM bearer, in reconfigurations which involve PDCP reestablishment, or which would have involved PDCP data recovery, all PDCP SDUs pre-processed to RLC PDUs will be lost
Proposal 1: In case of UM bearer PDCP / RLC re-establishment, the PDCP SDUs corresponding to pre-processed RLC PDUs in the re-established RLC transmitting entity are retransmitted
Proposal 2: Introduce PDCP data recovery for UM bearer, such as the PDCP PDUs corresponding to pre-processed RLC PDUs in the re-established RLC transmitting entity are retransmitted
A TP is proposed in the Annex.
Annex – TP
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 (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-
for UM DRBs and SRBs, set TX_NEXT to the initial value;

-
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 PDCP entity shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [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 or released 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.
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.

