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1. Introduction
In handover to EN-DC, if target SN is activated after MN, the UE throughput would be significantly impacted, particularly when UE access to target MN fails. This paper proposes to activate SN early to mitigate the throughput downgrade in handover.
2.  Discussion

Figure 1 (from TS 37.340 Section 10.7.1) shows a handover to EN-DC procedure.
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Figure 1: Handover to EN-DC Procedure

2.1 Early SN activation in handover to EN-DC
Current specs are not clear on whether UE has to serialize RACH on SN cell after MN HO is successful. So, there are two options for UE behavior during handover to EN-DC: 

· Option 1: UE initiate SN RACH/link setup only after MN HO is successful

· Option 2: UE initiate SN RACH/link setup in parallel with the MN link setup.
The problem with Option 1 is: waiting for MN HO to be successful before SN access causes throughput degradation for UE during HO. In some cases, the SN link setup can happen faster than MN link setup, and, SN link can be leveraged for data transfer.

So, option 2 is preferred. In option 2, UE initiates SN link setup in parallel with the MN link setup during handover to EN-DC. The SN should be able to schedule the UE data transmission as soon as the SN connection is setup.

Observation 1: In handover to EN-DC, current standard is not clear whether UE can access to target MN and SN in parallel. If not, waiting for MN HO to be successful before SN access causes throughput degradation for UEs during HO. 

To improve the throughput performance, UE should be allowed to access to MN and SN in parallel, as shown in figure 2. 
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Figure 2: Early SN Activation in Handover to EN-DC

As soon as UE successfully accesses to target SN, the target SN should start to schedule UL/DL data transmission for the UE, without waiting for step 12 (triggered by access to MN success). Early data forwarding should be used so that target SN has DL data to deliver to UE.
Proposal 1: In HO into EN-DC, as soon as UE access to target SgNB completed, SgNB should start to schedule UL transmission and DL transmission without waiting for UE access to MN success.
2.2 Handover to MN failure handling
In handover to EN-DC, it is possible that UE access to SN is success and access to MN fails, as show in figure 3. 
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Figure 3: Access to target MN fails in handover to EN-DC

Access to MN is guarded by timer T304, which could be up to 10 seconds. Per current standard (TS 36.331), when handover to MCG to fails, the UE shall release SCG, SCells and revert back the PCell. This includes the user plane revert. 

	5.3.5.6
T304 expiry (handover failure)

The UE shall:

1>
if T304 expires (handover failure):

NOTE 1:
Following T304 expiry any dedicated preamble, if provided within the rach-ConfigDedicated, is not available for use by the UE anymore.

2>
revert back to the configuration used in the source PCell, excluding the configuration configured by the physicalConfigDedicated, the mac-MainConfig and the sps-Config;

NOTE 1a:
In the context above, "the configuration" includes state variables and parameters of each radio bearer. PDCP entities associtated with RLC UM and SRB bearers are reset after the successful RRC connection re-establishment procedure according to clause 5.2 in TS 36.323 [8]. In the above, "the configuration" includes the RB configuration using NR PDCP, if configured (i.e. by nr-RadioBearerConfig1 and nr-RadioBearerConfig2).


During the up to 10 seconds, UE should have transmitted/received a lot of data over SN. It is quite difficult for UE to revert its UL back to the status before handover. Also, discarding the transmitted/received data wastes radio resource and UE power. So, we should try to avoid revert the user plane back to the status before handover.
Observation 2: In handover to MCG failure, reverting user plane back (discarding the delivered DL/UL packets) is difficult in UE implementation and wastes radio resource and power. 

For the UL packets already delivered to target SN, the target SN shall deliver them to UPF or target MN. For the DL packets delivered to UE by SN, the source MN should not retransmit them. These require the target MN to inform the source of the delivery status by SN Status Transfer in a reverse way. For MN terminated bearer, target MN knows the target SN delivery status. For SN terminated bearer, target SN should send its delivery status to target MN for target MN to notify source MN.
Figure 4 shows the example message flow for above the failure handling.
Proposal 2:  In case of access to target MeNB failure and access to target SgNB successful, the target MeNB shall be informed of MCG failure by target SgNB. 

Proposal 3: In above failure scenario, target MeNB shall send the DL/UL transfer status to source by SN Status Transfer and forward the UL data to UPF.
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Figure 4: Handover Failure Handling
Proposal 4: Update stage 2 spec to enable the fast SN activation in handover to EN-DC.
3. Conclusion

Based on above analysis, we have following observations and proposals.
Observation 1: In handover to EN-DC, current standard is not clear whether UE can access to target MN and SN in parallel. If not, waiting for MN HO to be successful before SN access causes throughput degradation for UEs during HO. 

Proposal 1: In HO into EN-DC, as soon as UE access to target SgNB completed, SgNB should start to schedule UL transmission and DL transmission without waiting for UE access to MN success.
Observation 2: In handover to MCG failure, reverting user plane back (discarding the delivered DL/UL packets) is difficult in UE implementation and wastes radio resource and power. 

Proposal 2:  In case of access to target MeNB failure and access to target SgNB successful, the target MeNB shall be informed of MCG failure by target SgNB. 

Proposal 3: In above failure scenario, target MeNB shall send the DL/UL transfer status to source by SN Status Transfer and forward the UL data to UPF.
Proposal 4: Update stage 2 spec to enable the fast SN activation in handover to EN-DC.
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