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1. [bookmark: _Ref165266342]Introduction
In this paper, we discuss the RLC re-establishment issue upon DAPS fallback. We firstly discuss the issue and secondly provide some solutions.
2. Discussion
[bookmark: OLE_LINK1]2.1 Background
DAPS was introduced in Rel-16. After the UE receives the DAPS HO command, the UE will try to access the target gNB. If the UE fails the DAPS HO, the UE will fallback to the source gNB.
During the DAPS fallback procedure, the handling of SRB for the source gNB is as below:
· After the UE receives the DAPS HO command, it suspends the SRB for the source gNB
· After the UE fallbacks to the source gNB, it re-establishes the RLC for the SRB for the source gNB and resumes the SRB

2.2 Issues
We list the DAPS fallback procedure in figure 1. Firstly, it is important that both UE and network sides should have the exactly the same RLC states for the SRB. Secondly, it is observed that DAPS fallback is firstly performed at the UE, so there are some gaps between the UE and the source gNB, i.e. only after the source can receive the failure information message, the source gNB will be aware of DAPS fallback. Thirdly, according to TS 38.300 (text showed as below), for a DRB configured with DAPS, the UE can still re-transmit some packets to the souce gNB even in DAPS. For SRB, there are no such definitions so the UE behaviours are unspecified, i.e. the UE may or may not continue to send something in the source gNB.
-	Even after switching its UL data transmissions towards the target gNB, the UE continues to send UL layer 1 CSI feedback, HARQ feedback, layer 2 RLC feedback, ROHC feedback, HARQ data (re-)transmissions, and RLC data (re-)transmissions to the source gNB.

In Rel-16, how the UE handles the SRB for the source was ever discussed, and two solutions were discussed: (1) the UE keeps the RLC state; (2) the UE re-establishes the RLC. For (1), the main problem is that the UE may store the old RRC messages, and then these messages will be re-sent to the source gNB after DAPS fallback. Finally, RAN2 agreed on (2), and [1] showed some discussions on the solutions.
[image: ]
Figure 1: RLC re-establishment issue upon DAPS fallback

Based on figure 1, it can be seen that after the UE receives DAPS HO command, it may still re-transmit its SRB data on the source (e.g. measurement report). If DAPS fallback happens, the UE re-establishes RLC and sends failure information message. However, the source gNB can not know precisely such UE behaviours, so the RLC states between UE and the source gNB may not be aligned.
In order to solve this issue, one implementation method is that the source gNB directly re-establishes its RLC after a successful DAPS HO command transmission. For this method, if the UE does not perform any re-transmission in MAC/RLC for SRB until DAPS fallback, the whole procedure can work, and then the source gNB can successfully receive failure information message. However, if the UE re-transmits some SRB data in MAC/RLC to the source gNB, the UE continues its previous RLC state for the SRB but the source gNB has already re-established its RLC for the SRB, and then DAPS fallback procedure will fail.
Observation: It is hard for the source gNB to handle the SRBs (including RLC state) from when the DAPS HO command is sent to when failure information message is sent.

It is noted that the above analysis is based on NR DAPS feature, and it also applies for LTE DAPS feature, i.e. the above observation is also valid for LTE DAPS feature.

2.3 Proposed solutions
Based on the technical analysis in section 2.2, we think the following solutions can be considered:
Alt 1: the UE does not re-establish RLC during DAPS fallback
Alt 2: after successfully receiving DAPS HO command, the UE stops any SRB data transmission for the source cell group (including PHY/MAC/RLC/PDCP transmission or re-transmission)
Alt 3: during DAPS fallback, the UE firstly sends the failure information message and then re-establish RLC


Even Alt 1 was discussed in Rel-16 and was not agreed, we think this alternative is a good one to solve the above issue. The main drawback of Alt 1 is that the UE may re-transmit some old RRC message to the source gNB, and our view is that the source gNB can simply ignore these message and only consider failure information message as valid messages.
For Alt 2, it guarantees that the UE will not send any RRC message (from all of its protocol layers) from the DAPS HO until DAPS fallback.
For Alt 3, it can be also considered but it is not as good as Alt 1 and Alt 2.
[bookmark: OLE_LINK3]Proposal 1: It is proposed RAN2 to discuss the following solutions:
Alt 1: the UE does not re-establish RLC during DAPS fallback
Alt 2: after successfully receiving DAPS HO command, the UE stops any SRB data transmission to the source cell group (including PHY/MAC/RLC/PDCP transmission or re-transmission)

3. [bookmark: _Hlk46936119]Conclusions
In this paper, we discuss the RLC re-establishment issue upon DAPS fallback, and we have the following observation and proposal:
[bookmark: _GoBack]Observation: It is hard for the source gNB to handle the SRBs (including RLC state) from when the DAPS HO command is sent to when failure information message is sent.
Proposal 1: It is proposed RAN2 to discuss the following solutions:
Alt 1: the UE does not re-establish RLC during DAPS fallback
Alt 2: after successfully receiving DAPS HO command, the UE stops any SRB data transmission to the source cell group (including PHY/MAC/RLC/PDCP transmission or re-transmission)

For P1, Alt 1 and Alt 2 have been CRs [2][3] have been provided. It is noted that both CRs are for TS 38.331, and if they are agreeable, CRs for TS 36.331 will also be needed.
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5. Annex (from TS 38.331 v16.8.0)
Release the source:
1>	if the RRCReconfiguration includes the daps-SourceRelease:
2>	reset the source MAC and release the source MAC configuration;
2>	for each DAPS bearer:
3>	release the RLC entity or entities as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;
3>	reconfigure the PDCP entity to release DAPS as specified in TS 38.323 [5];
2>	for each SRB:
3>	release the PDCP entity for the source SpCell;
3>	release the RLC entity as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;
2>	release the physical channel configuration for the source SpCell;
2>	discard the keys used in the source SpCell (the KgNB key, the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key), if any;

Configure DAPS:
[bookmark: _Toc60776764][bookmark: _Toc90650636]5.3.5.5.2	Reconfiguration with sync
<Partially omitted>
1>	If any DAPS bearer is configured:
2>	create a MAC entity for the target cell group with the same configuration as the MAC entity for the source cell group;
2>	for each DAPS bearer:
3>	establish an RLC entity or entities for the target cell group, with the same configurations as for the source cell group;
3>	establish the logical channel for the target cell group, with the same configurations as for the source cell group;
NOTE 2b:	In order to understand if a DAPS bearer is configured, the UE needs to check the presence of the field daps-Config within the RadioBearerConfig IE received in radioBearerConfig or radioBearerConfig2.
2>	for each SRB:
3>	establish an RLC entity for the target cell group, with the same configurations as for the source cell group;
3>	establish the logical channel for the target cell group, with the same configurations as for the source cell group;
2>	suspend SRBs for the source cell group;
NOTE 3:	Void
2>	apply the value of the newUE-Identity as the C-RNTI in the target cell group;
2>	configure lower layers for the target SpCell in accordance with the received spCellConfigCommon;
2>	configure lower layers for the target SpCell in accordance with any additional fields, not covered in the previous, if included in the received reconfigurationWithSync.

[bookmark: OLE_LINK2]DAPS fallback:
[bookmark: _Toc60776784][bookmark: _Toc90650656]5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure)
The UE shall:
1>	if T304 of the MCG expires:
2>	release dedicated preambles provided in rach-ConfigDedicated if configured;
2>	release dedicated msgA PUSCH resources provided in rach-ConfigDedicated if configured;
2>	if any DAPS bearer is configured, and radio link failure is not detected in the source PCell, according to subclause 5.3.10.3:
3>	reset MAC for the target PCell and release the MAC configuration for the target PCell;
3>	for each DAPS bearer:
4>	release the RLC entity or entities as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the target PCell;
4>	reconfigure the PDCP entity to release DAPS as specified in TS 38.323 [5];
3>	for each SRB:
4>	if the masterKeyUpdate was not received:
5>	configure the PDCP entity for the source PCell with state variables continuation as specified in TS 38.323 [5];
4>	release the PDCP entity for the target PCell;
4>	release the RLC entity as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the target PCell;
[bookmark: OLE_LINK4]4>	trigger the PDCP entity for the source PCell to perform SDU discard as specified in TS 38.323 [5];
[bookmark: OLE_LINK5]4>	re-establish the RLC entity for the source PCell;
3>	release the physical channel configuration for the target PCell;
3>	discard the keys used in target PCell (the KgNB key, the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key), if any;
3>	resume suspended SRBs in the source PCell;
3>	for each non-DAPS bearer:
4>	revert back to the UE configuration used for the DRB in the source PCell, includes PDCP, RLC states variables, the security configuration and the data stored in transmission and reception buffers in PDCP and RLC entities ;
3>	revert back to the UE measurement configuration used in the source PCell;
3>	initiate the failure information procedure as specified in subclause 5.7.5 to report DAPS handover failure.
2>	else:
3>	revert back to the UE configuration used in the source PCell;
3>	store the handover failure information in VarRLF-Report as described in the subclause 5.3.10.5;
3>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.
NOTE 1:	In the context above, "the UE configuration" includes state variables and parameters of each radio bearer.
1>	else if T304 of a secondary cell group expires:


UP handling during DAPS:

[bookmark: _Toc20387984][bookmark: _Toc29376064][bookmark: _Toc37231955][bookmark: _Toc46502010][bookmark: _Toc51971358][bookmark: _Toc52551341][bookmark: _Toc90589868]9.2.3.2.2	U-Plane Handling
The U-plane handling during the Intra-NR-Access mobility activity for UEs in RRC_CONNECTED takes the following principles into account to avoid data loss during HO:
-	During HO preparation, U-plane tunnels can be established between the source gNB and the target gNB;
-	During HO execution, user data can be forwarded from the source gNB to the target gNB;
· -	Forwarding should take place in order as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.
-	During HO completion:
· -	The target gNB sends a path switch request message to the AMF to inform that the UE has gained access and the AMF then triggers path switch related 5GC internal signalling and actual path switch of the source gNB to the target gNB in UPF;
· -	The source gNB should continue forwarding data as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.
For RLC-AM bearers:
-	For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source gNB or from the UPF).
-	For security synchronisation, HFN is also maintained and the source gNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.
-	In both the UE and the target gNB, a window-based mechanism is used for duplication detection and reordering.
-	The occurrence of duplicates over the air interface in the target gNB is minimised by means of PDCP SN based reporting at the target gNB by the UE. In uplink, the reporting is optionally configured on a per DRB basis by the gNB and the UE should first start by transmitting those reports when granted resources are in the target gNB. In downlink, the gNB is free to decide when and for which bearers a report is sent and the UE does not wait for the report to resume uplink transmission.
-	The target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink PDCP SDUs without SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.
NOTE 1:	Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GC on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GC before receiving the end marker on the old DRB from the UE.
-	The UE re-transmits in the target gNB all uplink PDCP SDUs starting from the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the target.
-	In case of handovers involving Full Configuration, the following description below for RLC-UM bearers applies for RLC-AM bearers instead. Data loss may happen.
For RLC-UM bearers:
-	The PDCP SN and HFN are reset in the target gNB, unless the bearer is configured with DAPS handover;
-	No PDCP SDUs are retransmitted in the target gNB;
-	The target gNB prioritises all downlink SDAP SDUs forwarded by the source gNB over the data from the core network;
NOTE 2:	To minimise losses when a QoS flow is mapped to a different DRB at handover, the old DRB needs to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GC on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GC before receiving the end marker on the old DRB from the UE.
-	The UE does not retransmit any PDCP SDU in the target cell for which transmission had been completed in the source cell.
[bookmark: _Toc20387985][bookmark: _Toc29376065][bookmark: _Toc37231956]For DAPS handover:
A DAPS handover can be used for an RLC-AM or RLC-UM bearer. For a DRB configured with DAPS, the following principles are additionally applied.
Downlink:
-	During HO preparation, a forwarding tunnel is always established.
-	The source gNB is responsible for allocating downlink PDCP SNs until the SN assignment is handed over to the target gNB and data forwarding in 9.2.3.2.3 takes place. That is, the source gNB does not stop assigning PDCP SNs to downlink packets until it receives the HANDOVER SUCCESS message and sends the SN STATUS TRANSFER message to the target gNB.
-	Upon allocation of downlink PDCP SNs by the source gNB, it starts scheduling downlink data on the source radio link and also starts forwarding downlink PDCP SDUs along with assigned PDCP SNs to the target gNB.
-	For security synchronisation, HFN is maintained for the forwarded downlink SDUs with PDCP SNs assigned by the source gNB. The source gNB sends the EARLY STATUS TRANSFER message to convey the DL COUNT value, indicating PDCP SN and HFN of the first PDCP SDU that the source gNB forwards to the target gNB.
-	HFN and PDCP SN are maintained after the SN assignment is handed over to the target gNB. The SN STATUS TRANSFER message indicates the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet, even for RLC-UM.
-	During handover execution period, the source and target gNBs separately perform ROHC header compression, ciphering, and adding PDCP header.
-	During handover execution period, the UE continues to receive downlink data from both source and target gNBs until the source gNB connection is released by an explicit release command from the target gNB.
-	During handover execution period, the UE PDCP entity configured with DAPS maintains separate security and ROHC header decompression functions associated with each gNB, while maintaining common functions for reordering, duplicate detection and discard, and PDCP SDUs in-sequence delivery to upper layers. PDCP SN continuity is supported for both RLC AM and UM DRBs configured with DAPS.
Uplink:
-	The UE transmits UL data to the source gNB until the random access procedure toward the target gNB has been successfully completed. Afterwards the UE switches its UL data transmission to the target gNB.
[bookmark: OLE_LINK6]-	Even after switching its UL data transmissions towards the target gNB, the UE continues to send UL layer 1 CSI feedback, HARQ feedback, layer 2 RLC feedback, ROHC feedback, HARQ data (re-)transmissions, and RLC data (re-)transmissions to the source gNB.
-	During handover execution period, the UE maintains separate security context and ROHC header compressor context for uplink transmissions towards the source and target gNBs. The UE maintains common UL PDCP SN allocation. PDCP SN continuity is supported for both RLC AM and UM DRBs configured with DAPS.
-	During handover execution period, the source and target gNBs maintain their own security and ROHC header decompressor contexts to process UL data received from the UE.
-	The establishment of a forwarding tunnel is optional.
-	HFN and PDCP SN are maintained in the target gNB. The SN STATUS TRANSFER message indicates the COUNT of the first missing PDCP SDU that the target should start delivering to the 5GC, even for RLC-UM.
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