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Introduction
To fulfil following highlighted objectives of NR mobility enhancement WI, it was agreed in RAN2#105 to study at least conditional handover (CHO) as one solution for handover robustness improvement. For CHO, the discussion mainly addressed the feasibility analysis, configuration and HO execution for conditional handover. 
Objective of NR mobility enhancement WI [1]:
	1.The following objective are considered in this WI:
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
2.RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 



Besides, in RAN2#107, Conditional PSCell Addition/Change (CPAC) for NR PSCell was introduced, considering the improvement in terms of reducing latency and signalling overhead in SN addition and change procedures.
However, the current CHO discussion focused on the SA to SA handover scenario and CPAC discussion only concerns the SN side, while DC related handover, which can be configured with CHO, with or without CPAC are not discussed yet. This contribution provides our considerations on this aspect.
1. Discussion
Generally, there are three potential scenarios when it comes to CHO for DC：
1) Only CHO is configured to MN;
2) Only CP(A)C is configured to SN;
3) CHO is configured to MN and CP(A)C is configured to SN simultaneously.
Since the second scenario is supported and details are under discussion in [2], in this contribution, we focus on the other two scenarios.
1) Only CHO is configured to MN
In current DC related handover, it’s the target MN/serving node to decide whether to keep, change or release the current SN, and the following three potential cases could happen besides handover from SA to SA:
· DC to SA: Master Node to eNB/gNB Change
· DC to DC: Inter-Master Node handover with/without Secondary Node change
· SA to DC: eNB/gNB to Master Node change
Figure 1 shows the procedure of Inter-Master Node handover with/without Secondary Node change [2]. It can be seen, when conventional (DC) handover happens, if the target node decides to add a SN for UE, it interacts with the target SN after receiving the handover request, and then sends the SCG configurations to the source MN, which is embedded in one RRCReconfiguration message with MCG configurations for UE sent by the source MN. With these configurations, UE could access to the target MN and target SN. Similar procedures are described in [2] for the other cases mentioned above.

 
Figure 1 Inter-Master Node handover with/without Secondary Node change
As we all know, the most significant difference between CHO and conventional HO is that it’s UE to decide when handover happens without informing its serving node and access to the target node with pre-configurations, therefore, when it comes to CHO configured to MN, the question is when to configure or add a SN. Here we have two possible solutions:
Option 1: SN is added in the CHO preparation according to candidate MN’s willing.
Option 2: SN is added after CHO.
With Option1, we can keep the maximum commonality between traditional DC handover procedure and CHO, since both candidate MN and its related candidate SN are configured before CHO happens within the RRCReconfiguration message, and UE may perform handover with/without a SN according to the configuration. 
However, Option 1 is not efficient enough. Based on the CHO agreements, the source node could configure more than 1 candidate MN, and when one target MN wants to add a SN, it needs to configure at least 1 potential SN. Generally, to assure the mobility performance, this target MN may configure multiple potential SNs, considering maybe there’s no or not enough measurement information of candidate MNs’ neighbour cell and UE’s mobility cannot be foreseen. In this way, the inter-nodes signalling (between CHO candidate MN and its potential SNs) and UE storage burden would be increased. And the CHO configuration IE design may be different from SA CHO. Besides, based on the current mechanism that it’s the target MN decides whether to keep, change or release SN, most of the prepared resources cannot be used, which is a big waste of network resources and the network performance be affected.
Observation 1: If SN is added in the CHO preparation, MN and SN could be configured as the current DC way (in one RRC reconfiguration message), it will introduce extra inter-node (between CHO candidate MN and its potential SNs) signalling burden and UE storage burden.
If we use Option 2, UE’s serving node could configure CHO without thinking whether it’s a DC UE, and extra CHO design for DC is not needed, meanwhile, it does not introduce extra inter-node (between CHO candidate MN and its potential SNs) signalling burden and UE storage burden, but limits UE’s handover case in DC to SA and SA to SA.
In our view, Option 2 is an easy and efficient way, and SN could be added after CHO.
Proposal 1: RAN2 is kindly asked to support configured CHO for DC, but limit to the cases of handover from DC to SA (and SA to SA). For handover from DC to DC and SA to DC, SN could be added after the CHO, rather than during the CHO.
Furthermore, in CHO preparation, the source MN sends handover request like message to candidate nodes, which includes UE information, therefore, when UE initiates random access to one candidate node, if the candidate node has willing to add a SN for UE, it can do SN addition preparation. In this way, the latency of handover from DC to DC and SA to DC could be shortened.
On the other hand, DC/CA enhancement is discussed in Rel-16, and MCG fast recovery is supported as an optional feature. With MCG fast recovery mechanism, UE can send MCG failure information via SN and recovery the connection with the network when RLF or HOF happens, avoiding RRC re-establishment.
For a DC UE, it is possible to configure MCG fast recovery and CHO simultaneously, and the UE behaviour is unclear when MN RLF is detected in this case. It was agreed for UE configured CHO, when RLF is detected, UE perform cell selection based on the working assumption. If the selected cell is not a candidate cell, the UE triggers RRC re-establishment procedure. However, in this case, MCG fast recovery mechanism aims to avoid interruption and re-establishment.  Since both DC/CA enhancement and mobility enhancement are designed to minimize the influence brought by RLF to UE, therefore, it’s reasonable to perform MCG fast recovery first.
Proposal 2: For a DC UE configured CHO and MCG fast recovery, UE performs MCG fast recovery first when RLF detected.
[bookmark: OLE_LINK5]What’s more, it was agreed that, if MCG fast recovery fails, UE should perform RRC re-establishment. For DC UEs configured CHO, it is better to perform RRC re-establishment based on the CHO assumption: when the selected cell is a candidate cell, the UE should perform CHO execution; otherwise the UE should perform RRC reestablishment, which helps to shorten the interruption time
Proposal 3: If MCG fast recovery fails and UE is configured with CHO, UE performs the cell selection and when the selected cell is a CHO candidate cell, the UE performs CHO execution; otherwise the UE performs RRC reestablishment.
Besides, for DC UEs configured CHO and MCG fast recovery, when CHO configuration compliance check fails, UE does not need to re-establishment, but informs the MN via SN leg, and with this information, MN may decide to release some candidates or reconfigure. 
Proposal 4: DC UEs configured CHO and MCG fast recovery could inform MN/SN via the other leg when CHO configuration compliance check fails.
2) Only CP(A)C is configured to SN
Similar with the above discussion, for a UE configured CP(A)C, when its CP(A)C configuration compliance check fails, UE could inform the network via MN leg when SRB3 is not configured. And SN decides whether to release or reconfigure PsCell.
Observation 2: When UE’s CP(A)C configuration compliance check fails, it could inform the network via MN leg when SRB3 is not configured, e.g. via embedded RRC message.
3) CHO is configured to MN and CP(A)C is configured to SN simultaneously
Coexistence of CHO and CP(A)C was discussed in [4], and there’s no agreements for supporting or not. In our view, it is possible to configure CHO and CP(A)C simultaneously, since CHO targets for handover robustness improvement, while CPAC is for latency and signalling overhead reduction in SN addition/change, which are different mobility scenarios. And as discussed above, it’s better for CHO configured in DC scenario not including SN configurations, while current discussed CPC is also MN not involved, therefore, CHO and CPC are not affected by the other one, and they are not contradictive to each other.
Observation 3: CHO and CP(A)C target for different mobility scenarios, they could be configured to the UE simultaneously. 
Proposal 5: RAN2 is kindly asked to further study the feasibility of the coexistence of CHO and CP(A)C.
If proposal 5 is agreed, we should consider the priority or the UE behavior for following cases:
· CHO and CPAC execution conditions satisfy simultaneously; 
· CPAC condition satisfies after CHO is triggered;
· CHO execution condition satisfies after CPAC is triggered.
For the first two cases, it is reasonable for UE to execute CHO first. And for the third case, like traditional DC handover and SN change/addition, handover is prior to SN/change/addition, that’s to say, when UE receives handover command, it will stop the ongoing SN change procedure and do the handover first, similarly, when CHO execution condition satisfies after CPAC is triggered, UE should stop the ongoing CPAC and perform CHO first.
Proposal 6: CHO is prior to CPAC.  When CHO execution condition satisfies after CPAC is triggered, UE stops the ongoing CPAC and perform CHO first.
Conclusions
In this paper, we have discussed the different CHO scenarios for DC UEs. According to above analysis, we made following observations:
[bookmark: _GoBack]Observation 1: If SN is added in the CHO preparation, MN and SN could be configured as the current DC way (in one RRC reconfiguration message), it will introduce extra inter-node (between CHO candidate MN and its potential SNs) signalling burden and UE storage burden.
Observation 2: When UE’s CP(A)C configuration compliance check fails, it could inform the network via MN leg when SRB3 is not configured, e.g. via embedded RRC message.
Observation 3: CHO and CP(A)C target for different mobility scenarios, they are not affected by and contradictive to the other one.
And based on above observations, we made following proposals:
Proposal 1: RAN2 is kindly asked to support configured CHO for DC, but limit to the cases of handover from DC to SA and SA to SA. For handover from DC to DC and SA to DC, SN could be added after the CHO, rather than during the CHO.
Proposal 2: For a DC UE configured CHO and MCG fast recovery, when RLF is detected, UE performs fast recovery first.
Proposal 3: If MCG fast recovery fails and UE is configured with CHO, UE performs the cell selection and when the selected cell is a CHO candidate cell, the UE performs CHO execution; otherwise the UE performs RRC reestablishment.
Proposal 4: DC UEs configured CHO and MCG fast recovery could inform MN/SN via the other leg when CHO configuration compliance check fails.
Proposal 5: RAN2 is kindly asked to further study the feasibility of the coexistence of CHO and CP(A)C.
Proposal 6: CHO is prior to CPAC.  When CHO execution condition satisfies after CPAC is triggered, UE stops the ongoing CPAC and perform CHO first.
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