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Introduction
In RAN2#99bis, the PDPC uplink transmit operation had been discussed with the following agreements:
Agreement
1. A note to provide guidance to the UE will be added (e.g. the UE should minimize transmission gap among the UL split bearer) 
1. When comparing with the PDCP split threshold the UE should take into account the PDCP data volume and RLC pre-processed data (e.g. pending data for transmission).  This is will be added in normative text.   
1. FFS if there is any issue on BSR reporting on the secondary leg. 

=> FFS on UE behaviour upon UL path switch (e.g. retransmissions and data recovery)
    => MAC-CE based leg switching is not supported for split bearer in Rel-15

In this paper, we address the remaining FFS on the UE behaviour upon UL path switch.
[bookmark: _Ref178064866]Discussion
UL routing reconfiguration
In NR PDCP, the following configurations for UL transmit operation are possible:
· UL transmission via single UL path – when ul-DataSplitThreshold  not configured
· UL transmission via both UL paths – when ul-DataSplitThresholdconfigured
· (UL transmission with duplication on both UL paths – which is disregarded in this paper)
The following corresponding re-configurations are thus possible:
· Change of UL path in case ul-DataSplitThreshold is not configured
· Change of UL path in case ul-DataSplitThreshold is configured
· Configuring the ul-DataSplitThreshold
· De-configuring the ul-DataSplitThreshold
In LTE, these reconfigurations of the PDCP UL routing (ul-DataSplitThreshold, prioritized UL path, i.e. configured RLC) could be handled either as part of a simple reconfiguration of the parameter, i.e. not triggering any user plane procedure (like reestablishment), or together with a synchronous reconfiguration involving user plane MAC reset, RLC and PDCP reestablishment. It should be noted that in LTE, no data submission to lower layers without waiting for an UL transmission opportunity was done, thus no PDUs were waiting for initial transmission on one of the involved RLC entities, thus, a simple reconfiguration of the PDCP parameters prioritized UL path or split-threshold, had an immediate impact not yet transmitted data, i.e. the next PDCP PDU was routed according to the reconfigured parameters. In NR, due to pre-processing, this is however fundamentally different, i.e. data may be waiting for initial transmission on RLC, and a simple reconfiguration of PDCP routing parameters would not have an impact on this data stored in RLC. This may lead to data being stuck on one RLC, i.e. on one UL path, since reconfiguring the UL path has no impact on the old path. 
For the above reconfigurations, the issue of RLC data becoming stuck, could occur in the following cases:
· Change of UL path in case split-threshold is not configured: E.g. if UL path changed from RLC1 to RLC2, UL data may be stuck (or be lost) in RLC1, if no data transmissions are possible anymore via RLC1 e.g. to no further scheduling possible on this UL path.
· Change of UL path in case split-threshold is configured: Due to same reasons as for above case, data may be stuck on the prioritized RLC when it is reconfigured, i.e. the data below the split threshold.
· Configuring the split-threshold: No issue, since UL path is added and not removed.
· De-configuring the split-threshold: In this case, no further data is transmitted via the secondary UL path. Data in the secondary RLC may in this case be stuck (or be lost)  if no further scheduling is possible anymore on this UL path.
It had been agreed that no MAC-CE triggered procedure will be specified in Rel-15 for the UL-switch. Therefore, RRC procedures are considered in the following only. 
To tackle these issues of data “being stuck”, for NR, the following potential RRC procedures could be foreseen in addition to the reconfiguration of the PDCP UL routing parameters (split threshold, prioritized UL path):
· 1) Do nothing more. 
· No UP impact
· Not solving the “data being stuck or lostissue
· 2) Synchronous reconfiguration, MAC reset, all RLC+PDCP reestablishment in the involved cell group.
· Data stuck will be released at RLC reestablishment (i.e. no issue with HFN desynch with potentially later arriving data)
· Retransmissions on PDCP at reestablishment, i.e. no data loss
· Impacts also DL operation
· Impacts all bearers
· 3) Release of the logical channel of the old UL path, adding logical channel (RLC) for the new UL path
· Data stuck will be released at RLC release (i.e. no issue with HFN desynch with potentially later arriving data)
· Retransmissions on PDCP with PDCP data reestablishment or recovery triggered, i.e. no data loss
· Impacts also DL operation due to logical channel release/add
· 4) Not supported yet: PDCP data recovery only + trigger to discard all on old RLC
· Data stuck will be released explicitly (i.e. no issue with HFN desynch with potentially later arriving data – however, issue with data already on HARQ remains)
· Retransmissions on PDCP with triggered data recovery procedure, i.e. no data loss
· Can be implemented acc. to TP in annex.
In NR, option 1-3 are already supported by RRC-reconfiguration procedures. Compared to those, option 4 would remove the impact on DL operation, at this UL reconfiguration. Nevertheless, the issue of potential HFN desynch would not entirely be solved, since not yet submitted RLC data can be discarded, but RLC data already in flight e.g. on HARQ might still be delivered later on and cause HFN desynch. Therefore, and considering also the required implementation effort (see annex), we propose:
[bookmark: _Toc497921962][bookmark: _Toc497922617][bookmark: _Toc498617824]Rely on existing UE behaviour for UL path switch (e.g. only reconfigure parameters, or synchronous reconfiguration, or release/add of LCH).
Conclusions
[bookmark: _GoBack]Based on the discussion in section 2 we make the following proposals:
Proposal 1	Rely on existing UE behaviour for UL path switch (e.g. only reconfigure parameters, or synchronous reconfiguration, or release/add of LCH).
[bookmark: _In-sequence_SDU_delivery]
Annex I: TP for PDCP UL switch procedure
The text proposal is based on “38323-101_v4_clean” draft as distributed on the reflector.
[bookmark: _Toc486851288][bookmark: _Toc478029698][bookmark: _Toc477873862]5.2	Data transfer
[bookmark: _Toc486851289][bookmark: _Toc478029699][bookmark: _Toc477873863]5.2.1	Transmit operation
[…]
[bookmark: _Toc486851293]5.2.2.3	Actions when ul-DataSplitThreshold or configured RLC entity is reconfigured
When the ul-DataSplitThreshold had been configured and is de-configured, or when the configured RLC entity is changed, for each PDCP Data PDU for which successful delivery had not yet been confirmed by lower layers, a discard is indicated to lower layers, and the PDCP entity shall trigger data recovery as described in subclause 5.5.
Annex II: Table for bearer type change
For reference, we provide the agreed reconfiguration table for bearer type change here:

	Bearer type change from row
to 
col
	MCG 
	Split  
	SCG

	
	no key change
	with key change
(KeNB<->S-KeNB)
	no key change
	with key change
(KeNB<->S-KeNB)
	no key change
	with key change
(KeNB<->S-KeNB)

	MCG
	N/A
	See HO
	PDCP: Reconfigure
MCG RLC: No action
MCG MAC: No action
SCG RLC: Establish
SCG MAC: Reconfigure
	PDCP: Re-establish
MCG RLC: Re-establish
MCG MAC: See Note
SCG RLC: Establish
SCG MAC: Reconfigure
	PDCP: Recovery
MCG RLC: Re-est.+release
MCG MAC: Reconfigure
SCG RLC: Establish
SCG MAC: Reconfigure
	PDCP: Re-establish
MCG RLC: Re-est.+release
MCG MAC: Reconfigure
SCG RLC: Establish
SCG MAC: Reconfigure

	Split
	PDCP: Recovery
MCG RLC: No action
MCG MAC: No action
SCG RLC: Release
SCG MAC: Reconfigure
	PDCP: 
Re-establish
MCG RLC: Re-establish
MCG MAC: See Note
SCG RLC: release
SCG MAC: Reconfigure
	N/A
	See HO
	PDCP: Recovery
MCG RLC: Re-est.+release
MCG MAC: Reconfigure
SCG RLC: 
No action
SCG MAC: 
No action
	PDCP: Re-establish
MCG RLC: Re-est.+release
MCG MAC: Reconfigure
SCG RLC: 
Re-establish
SCG MAC: 
See Note

	SCG
	PDCP: Recovery
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: Release
SCG MAC: Reconfigure
	PDCP: Re-establish
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: Release
SCG MAC: Reconfigure
	PDCP: Reconfigure
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: No action
SCG MAC: No action
	PDCP: Re-establish
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: Re-establish
SCG MAC: 
See Note
	N/A
	See SN change



Note: MAC behaviour depends on the solution selected by the network, e.g. MAC reset, change of LCID, etc





