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Introduction
RAN2#97 discussed based on [1] whether NR should support a “conditional handover” to improve mobility robustness and reduce the handover failure in NR. While most companies seem to agree that such an enhancement is important for NR (at least in some scenarios e.g. high frequency bands), there has been some potentially concerns raised in [2].
In this document we discuss the observation and proposals from [2] and [3] and conclude that despite the fact we agree the concerns are valid to certain extent, most of them can either be mitigated or controlled by the network so that conditional handover in NR still provide sufficient benefits to justify its support in Rel-15.
[bookmark: _Ref178064866]Discussion
In [1],[2],[3] it was observed that conditional handover requires the network to send handover command at an earlier time than actual handover which requires an early measurement report. Furthermore, [2] observes that an early measurement will compromise the reliability and hence it is a drawback of the solution. Although setting a threshold earlier than the actual handover triggering criteria should be studied carefully, it is not very difficult. For example, previous studies in LTE shows an optimal A3 threshold reduces RLF but increases number of HO attempts. A better approach is to issue conditional HO command using such an optimal threshold and perform HO at a later stage. Hence, the number of actual handover attempts will still be low. Also, we observe that since this early report is to be transmitted when the channel condition is better than HO triggering criteria, the reliability of the channel should not be an issue.
[bookmark: _Toc492473213][bookmark: _Toc492982680][bookmark: _Toc492982697][bookmark: _Toc494373749]Sending early message does not have adverse effect on handover performance and reliability
[bookmark: _Toc487630216]On the other hand, sending early message  requires triggering additional measurement events along with the current events. One can argue that doing so may increase signalling overhead. However, these additional measurement updates need not to be periodic, but event based. Furthermore, the network should also have the flexibility to set the criterion based on different KPIs. Hence, the increase in signalling overhead should not necessarily be costly and should be considered as the cost for adding reliability of the service. We also observe alternative solutions such as DC also increases signalling load.
[bookmark: _Toc487630217][bookmark: _Toc487630282][bookmark: _Toc490235407][bookmark: _Toc492473214][bookmark: _Toc492982681][bookmark: _Toc492982698][bookmark: _Toc494373750]Increase in signalling overhead due to conditional HO can be controlled by the network. It is not very high and is comparable to the signalling overhead of other alternative solutions.
Another concern is raised that conditional HO reduces the network controllability. It was observed in [2] that when the UE sends measurement report upon meeting a normal measurement event (e.g. A2) and it goes missing due to channel condition, UE will try to perform HO based on conditional HO configuration which might not be the intention of source cell anymore. An alternative is proposed to associate an ACK for measurement report. We observe that conditional HO configuration is sent by the source cell to avoid such drastic channel condition and the expected response by the network is that UE will perform handover when the conditional HO criterion is met. Hence a well tuned conditional handover decision issued by the network ensures that it has full control over the UE.
[bookmark: _Toc490235409]In [3] it was argued that CHO does not reduce/increase handover interruption. While we agree with the numbers presented, however, the feature is not intended for that purpose, but rather to increase the reliability, i.e. to reduce RLF and HOF. Higher HOF rate and RLF rate leads to more RRC connection re-establishments which in turn results in higher delay in terms of interruption times, more signalling and even more measurement efforts from the UE. In NR, RLF and HOF might be more prominent due to deployment in high frequency and spotty coverage due to narrow beamforming. Thus, increasing handover reliability would be even more important in NR. Furthermore, [3] also recognises the prospect of conditional HO to be able to reduce RLF. 
[bookmark: _Toc492473216][bookmark: _Toc492982683][bookmark: _Toc492982700][bookmark: _Toc494373751]The goal of CHO is not to reduce handover interruption, it aims to increase reliability of handover, i.e. reduce RLF and HOF rate in situations where normal HO procedure performance is unsatisfactory.
To ensure better handover performance, conditional handover parameters can be tuned by the network. It was argued in [3] that CHO requires setting parameters that involves prediction from network. However, we observe the fact that network has sufficient amount of statistics available regarding UE, cell conditions (i.e. propagation condition, neighbor cell load e.t.c) and can take decisions supported by the statistics. A well defined set of rules based on sufficient statistics will improve the decision accuracy without necessarily the need for complex rules. On the other hand, we also believe that these rules need not to be standardized, rather left for specific implementation. 
[bookmark: _Toc490235410][bookmark: _Toc492473217][bookmark: _Toc492982684][bookmark: _Toc492982701][bookmark: _Toc494373752]The network can prepare conditional handover parameters using rules based on statistics, just as any network parameter optimization performed in current networks. Decisions based on sufficient statistics would yield better performance.
There are some concerns raised in [3] regarding the increase in the signalling load between the nodeB’s compared to the traditional handover. While we accept the fact that certain amount of coordination, hence additional signalling will be required between the nodeB’s but we emphasis on the fact that CHO is not to be considered as to replace the baseline HO procedure. It should be considered and deployed as an additional feature/ capablilty of the network to ensure more robust HO performance and possibly solve reliability problems in some certain situation. So a fair comparison of signalling loads between baseline and CHO would be in cases where the network is problematic. In those scenarios, the UE measument reports or the handover command issued by the network might get lost. Regardless of the reason, the UE will declare HOF and go for RRC- reestablishment procedure. All these procedure requires additional signalling between eNodeBs and UE. Signalling load increase due to CHO should be compared in such cases and in our view, the difference is minimal. Another aspect to be considered is that the network can always try to limit the CHO candidate cells e.g. cells in same gNodeB where in principle there would not be a need for any coordination.
Also concern was raised regarding UE power consumptions if CHO is deployed. We also argue the same as above for this issue. CHO is essentially an additional feature which would be deployed to address problems in some specific cases in the network. Hence UE power consumption will not be affected as predicted in [3].
[bookmark: _Toc490235411][bookmark: _Toc492473218][bookmark: _Toc492982685][bookmark: _Toc492982702][bookmark: _Toc494373753]Signalling load increased by using CHO is comparable to the increase in signalling load in situations where RLF and HOF is high
To enable CHO, the resources form neighbour cells needs to be reserved and might require updates in some cases. However, as proposed in [1], well defined criteria for CHO will minimize such issues and the UE, source eNodeB and the target eNodeBs can discard configurations without coordination between them if the handover is not performed within some specific time margin. 
[bookmark: _Toc490235412][bookmark: _Toc492473219][bookmark: _Toc492982686][bookmark: _Toc492982703][bookmark: _Toc494373754]Well defined criteria for configuration of CHO parameters will essentially reduce the update requirements between the UE and the network
In [3], it is observed that in LTE, multiple mechanisms has been considered to handle “too late” handovers. While we agree that they still can be explored in NR, but we observe that the situation in NR and LTE is different. NR essentially operates on higher frequency than LTE and the problems regarding reliabilities are even greater in NR. Also [3] agrees that with high frequency and narrow beamforming, the possibility of losing the link between UE and network is very high and the probability of HOF increases in NR compared to LTE. We understand in these situations, “too late” handover mechanisms developed for LTE is not sufficient. CHO can have better performance under these situations as the the source cell beams may be blocked, but the beams from one of the target cells might still have coverage on the area, hence the UE can handover to that cell and continue. An alternative in these situations are beam management techniques. We agree that proper beam management would likely solve most of the cases but also observe that CHO techniques will provide additional reliability in situations where beam management might prove inadequate e.g. when the functions handling beam management belong to different gNodeBs.
[bookmark: _Toc490235413][bookmark: _Toc492473220][bookmark: _Toc492982687][bookmark: _Toc492982704][bookmark: _Toc494373755]Due to high frequency and narrow beamforming, NR imposes unique situations regarding HOF where the “too late” handover mechanisms might be insufficient. Also, CHO can complement beam management techniques to ensure more reliability
On the other hand, [3] realizes the benefits of CHO such that it has the potential to reduce handover delay for measurements and handover decisions, can reduce the delay for handover preparation and hence, can reduce the delay compared to the baseline HO procedure. It predicts that a 30% reduction in total handover delay can be achieved. We understand that estimation of reduction of delay is achieved in comparison with normal HO when there is no RLF, HOF involved and believe that under severe network conditions, the improvments would be much higher.
[bookmark: _Toc490235414][bookmark: _Toc492473221][bookmark: _Toc492982688][bookmark: _Toc492982705][bookmark: _Toc494373756]CHO has the advantage of reducing handover delays and decrease RLF probability compared to baseline HO procedure. Thus it can be employed in situations where the network is facing severe conditions
Conditional HO is perceived prospective by multiple companies to have the potential to reduce HO delay and RLF [1],[3],[4], and since normal HO procedure has progressed to a good extent, we propose that discussion on conditional HO should continue to progress right after the December meeting, after the EN-DC completion. Also it should not be considered as replacement of baseline HO or other handover enhancement mechanism. It can be used in conjunction with other tehcniques to ensure more reliability.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc494354290][bookmark: _Toc494373779]Conditional handover should continued to be considered to enhance NR handover reliability.
[bookmark: _Toc494373780]Conditional handover should be supported in Rel-15 (start work after December 2017).

Conclusion
In section 2 we made the following observations:
Observation 1	Sending early message does not have adverse effect on handover performance and reliability
Observation 2	Increase in signalling overhead due to conditional HO can be controlled by the network. It is not very high and is comparable to the signalling overhead of other alternative solutions.
Observation 3	The goal of CHO is not to reduce handover interruption, it aims to increase reliability of handover, i.e. reduce RLF and HOF rate in situations where normal HO procedure performance is unsatisfactory.
Observation 4	The network can prepare conditional handover parameters using rules based on statistics, just as any network parameter optimization performed in current networks. Decisions based on sufficient statistics would yield better performance.
Observation 5	Signalling load increased by using CHO is comparable to the increase in signalling load in situations where RLF and HOF is high
Observation 6	Well defined criteria for configuration of CHO parameters will essentially reduce the update requirements between the UE and the network
Observation 7	Due to high frequency and narrow beamforming, NR imposes unique situations regarding HOF where the “too late” handover mechanisms might be insufficient. Also, CHO can complement beam management techniques to ensure more reliability
Observation 8	CHO has the advantage of reducing handover delays and decrease RLF probability compared to baseline HO procedure. Thus it can be employed in situations where the network is facing severe conditions

Based on the discussion in section 2 we propose the following:
Proposal 1	Conditional handover should continued to be considered to enhance NR handover reliability.
Proposal 2	Conditional handover should be supported in Rel-15 (start work after December 2017).
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