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1	Introduction
In RAN2#108 meeting, it was agreed to enhance Inter-RAT handover from NR to EN-DC in Rel-16.
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The NR SA to EN-DC handover shall be supported in Rel-16. 
Assume a new UE capability is needed.
In Rel-15, as time limited, inter-RAT handover to EN-DC is not supported. Network only can handover one UE from NR to LTE and then do SN addition to configure EN-DC after handover. The agreed enhancement is to introduce direct inter-RAT handover from NR to EN-DC, which can reduce signalling overhead and ensure consistent high data rate for eMBB service.
This paper discusses enhancements to be considered during the direct inter-RAT handover in order to reduce the service interrupt time and maintain high data rate for eMBB service.
2	Discussion
In TS37.340 (10.9 eNB/gNB to Master Node change), in the procedure of handover from LTE MN to EN-DC, the current signalling requires that UE must complete the MN handover first before completion of access SN. This is performed by the two steps, first: target MN receives RRCConnectionReconfiurationComplete (to complete handover command), then target MN informs target SN the handover success via X2 message: SgNB Reconfiguration Complete to add the SN. In addition, the specification is not clear whether the UE can start access to SN in parallel.
Below is part copied from 10.9.1 EN-DC:
5.	The source eNB triggers the UE to apply the new configuration.
6/7.	The UE synchronizes to the target MN and replies with RRCConnectionReconfigurationComplete message.
8.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the target SN.
9.	If the RRC connection reconfiguration procedure was successful, the target MN informs the target SN.
For one-step handover from SA to EN-DC, the target is to reduce the Dual Connectivity configuration latency and quickly recover service data rate after HO procedure. It is important that UE can start RACH access to target MN and target SN in parallel, in which UE’s access time to MN/SN (and configure EN-DC) will be reduced.
Observation 1: UE RACH access to target MN and target SN in parallel can reduce the DC configuration latency and quickly recover service data rate during HO procedure.

In handover from NR to EN-DC with RACH access to target MN and target SN in parallel, it is possible that UE access to SN is success while access to MN fail. 
According to current specification, if T304 expired in target MN (handover to E-UTRA failure), UE should revert back to the configuration used in the source PCell (NR SA) and then trigger re-establishment procedure. The handover fails even the UE accessed to SN successfully.
	[bookmark: _Hlk32163988]36.331 5.4.2.5 T304 expiry (handover to E-UTRA failure)
The UE shall:
1>	upon T304 expiry (handover to E-UTRA failure):
2>	if the source RAT is E-UTRA:
3>	perform the actions as specified in 5.3.5.6;
2>	else:
3>	reset MAC;
3>	perform the actions defined for this failure case as defined in the specifications applicable for the other RAT;
38.331 5.4.3.5 Mobility from NR failure
The UE shall:
1>	if the UE does not succeed in establishing the connection to the target radio access technology; or
1>	if the UE is unable to comply with any part of the configuration included in the MobilityFromNRCommand message; or
1>	if there is a protocol error in the inter RAT information included in the MobilityFromNRCommand message, causing the UE to fail the procedure according to the specifications applicable for the target RAT:
2>	revert back to the configuration used in the source PCell;
2>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.



Observation 2: In current specification, no restriction that UE cannot access to MN and SN in parallel during direct handover to EN-DC, but the handover will fail if T304 expired in target MN when UE accessed SN successfully while access to MN failure.
As soon as UE successfully accesses to target SN while UE is trying to access target MN, the target SN can start to schedule UL/DL data transmission for the UE. The UE handover is partially succeeded with one leg connected to SN. To improve the handover successful rate of SA to EN-DC and fully utilize the connected leg to SN, some proposals can be considered to enable UE has multiple attempts to access target MN.
· Option1: Different T304 (extended value) to guard Handover dependant on UE access SN succeed or not.
· Option2: If UE access target SN successful, then after legacy T304 expired, UE trigger RRCReestablishment procedure to target MN.

For example, in option1, NW can indicate a dedicated T304a (e.g. with configured longer value for the timer) overwriting legacy T304 value in HO command. If UE access to target SN succeed, then T304a applied. Otherwise, legacy T304 applied.
In option2, after legacy T304 expired, UE starts cell selection for re-establishment. If UE selects Target MN(T-MN) configured cell as suitable cell, UE sends RRCReestablishmentRequest to T-MN by using T-MN allocated C-RNTI and physical cell identity (with modification to legacy RRCReestablishment e.g. UE should maintain EN-DC configuration in HO Command and UE should not release connected target SN). Otherwise, UE fallbacks to source RAN node as legacy way. 
Proposal 1: In case of UE access to target MN failure while access to target SN successful, UE should maintain connection to target SN and has multiple access attempts to target MN to improve HO successful rate and fully utilize connected SN.  Solutions include different T304 to guard Handover dependant on UE access target SN succeed or not, or UE triggers RRCReestablishment procedure to target MN after legacy T304 expiry.
To support direct inter-RAT Handover from NR to EN-DC, the best way is that Source Node(NR) can transfer measurement results of target frequencies of T-MN(LTE) and candidate SN(NR) to Target Node(LTE) in Handover Request message. Then target MN can decide target SN based on measurement results and inform Source Node in Handover Request Ack message.
However, in current NR or LTE measurement object and report configuration mechanism, a Measurement Object only configures one target frequency to measure (e.g. MeasObjectEUTRA or MeasObjectNR) and corresponding Measurement Report only reports one event’s measurement result if triggered (in addition to the current serving cell measurement results). For example, in direct inter-RAT Handover from NR to EN-DC, the measurement to potential target master node should be the one LTE frequency indicated by measurement result triggered by event B1 or B2. The measurement to potential target secondary node should be A3, A4 or A5 to NR frequency. In current measurement mechanism, there is no way to ensure network to receive B1/B2 measurement result and A3/A4/A5 measurement result simultaneously, as two measurements can be triggered in the UE separately. In general, source NR network will initiate Inter-RAT handover to target LTE node based on B1/B2 measurement result only. There is no association in Handover Request message to consider extra measurement result of SN’s frequency (by A3/A4/A5). Target network will only consider triggering Handover measurement result (B1 or B2 triggered) from UE to command the UE to access target MN firstly. After that, target MN can blindly configure SN configuration without measurement to SN’s frequency (fast but not exact configuration), or configure SN configuration after measurement to relative NR frequency (slow but exact configuration). The SN may appear weak in terms of signal level and may not be optimal selection of the cell to perform SN addition.
Observation 3: In current measurement mechanism, there is no way to ensure network to receive B1/B2 measurement result (i.e. source NR node to measure candidate T-MN in LTE) and A3/A4/A5 measurement result (i.e. source NR node to measure candidate T-SNs in NR ) simultaneously, as two measurements should be triggered in the UE separately.
Proposal 2: To support direct inter-RAT Handover from NR to EN-DC, RAN2 need study new measurement mechanism to enable measurement results of target frequencies in T-MN(LTE) and candidate target SNs(NR) can be transferred from Source Node to Target Node during handover preparation stage, to facilitate T-MN decide target SN based on measurement results.
4	Conclusion
Based on the discussion in section 2 we have below observations: 
Observation 1: UE RACH access to target MN and target SN in parallel can reduce the DC configuration latency and quickly recover service data rate during HO procedure.
Observation 2: In current specification, no restriction that UE cannot access to MN and SN in parallel during direct handover to EN-DC, but the handover will fail if T304 expired in target MN when UE accessed SN successfully while access to MN failure.
Observation 3: In current measurement mechanism, there is no way to ensure network to receive B1/B2 measurement result (i.e. source NR node to measure candidate T-MN in LTE) and A3/A4/A5 measurement result (i.e. source NR node to measure candidate T-SNs in NR ) simultaneously, as two measurements should be triggered in the UE separately.
Based on the discussion in section 2 we have below proposals: 
Proposal 1: In case of UE access to target MN failure while access to target SN successful, UE should maintain connection to target SN and has multiple access attempts to target MN to improve HO successful rate and fully utilize connected SN.  Solutions include different T304 to guard Handover dependant on UE access target SN succeed or not, or UE triggers RRCReestablishment procedure to target MN after legacy T304 expiry.
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