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1	Introduction
[bookmark: _Toc474247438]At RAN3 #105, it was discussed how to handle possible RRC reconfiguration of the UE after a CHO has been prepared for this UE [1]. The main concern is possible race condition between the target and the UE:
· If the CHO is reconfigured at the target first, the UE may access it with the old settings, before it gets the RRC Reconfiguration; or
· If the UE is reconfigured first, it may attempt access to the target before the latter processes the modification.
The “safe” way was assumed to be: cancel CHO first, then schedule it anew. In this paper we discuss the risk and the solution.
2	Discussion
The reason the modification of a prepared CHO may be needed has already been presented in [1]:
[…] One of the scenarios for CHO discussed in RAN2 is configuring the UE well in advance (in RRM time scale). In this case, it is perfectly possible that the UE has to be reconfigured before the CHO is executed. RRC already allows for such reconfigurations.
There may be various reasons for the reconfiguration. Some concern the radio settings at the source and thus do not concern the target, but others may require change of resource allocation for the UE. If the change is not known at the target, delta configuration is not possible any longer. Full configuration is still possible, but the UE will be configured according to the CHO request, so differently than at the source. In some cases, this will lead to noticeable degradation of user’s perceived quality.
In the chapter above, it is discussed that the multiple preparation known from the legacy HO must be allowed for CHO, too. The differentiating identifier of different CHO requests is the target cell ID. Therefore, exactly the same HO procedure can be used for informing the target node about reconfiguration of the previously accepted CHO request. 
In our cited paper, we also noted that not all reconfigurations impact the target node and therefore some may be applied to the UE without any interaction with the target node(s). But some may require.
As mentioned in the introduction, the baseline for handling such scenarios is cancelling the CHO and preparing it anew. In order to avoid the situation where the UE attempts access to the target node with old config, the procedure would be to cancel it first in the UE and only later in the target node. New preparation will have different order: first CHO request to the target node and only then RRC reconfiguration of the UE (so that the HO Command is received first from the target node). 
Observation 1: Prevention of the UE from the race condition is based on cancelling the CHO in the UE before it is cancelled in the target node. In this scenario, cancelling the CHO in the target node is directly followed by a new CHO request.
One may therefore conclude immediately, that explicit cancel of the CHO in the target node is not necessary, if the source intends to re-request it immediately with new UE config. In order to safe unnecessary signalling, it is only reasonable to conclude that the new CHO request, bearing known source-target UE ID pair and issued to a target cell that was prepared before shall be considered as implicit cancellation of the previous CHO preparation for this UE and towards this target cell.
Such assumption does not mandate that the cancellation of the CHO towards the UE is also skipped: it may well be issued, if the risk of the race condition is to be avoided. Actually, the source has full freedom: if it considers the risk high it may cancel the CHO at the UE first and then re-request it at the target node. Or, it may directly request the new HO command and then pass it to the UE in the RRC Reconfiguration.
The signalling based on the above consideration would look as follows:
[image: C:\Users\kordybac\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\161EA442.tmp]
Proposal 1: As the current baseline, a CHO request received for known UE ID pair and towards a target cell that has already prepared CHO for this UE shall be considered as implicit cancellation of the previous preparation. This does not disable explicit cancellation, if needed.
The consequence of the above proposal is interpretation of the rejection of such new CHO request: if the request itself is implicit cancellation, then the original CHO becomes obsolete at the moment the target receives the request. If the target does not accept the new request, there is no CHO prepared for this UE in this target cell and the source has to cancel it in the UE (if not cancelled before). There may be risk that the UE attempts access yet before, but this risk is exactly the same as in case of target-initiated CHO cancel.
Observation 2: If the CHO is cancelled before the new request is sent, the UE is protected against race condition better than in case of target-initiated CHO cancel.
The procedure, as presented above, requires only one small change in the existing signalling – since the HO Cancel identifies UE context with both, the source and the target IDs, the HO Request that is issued as implicit cancel shall also bear both IDs. Besides that, a clarification about the usage of the Handover Preparation is only needed. 
Proposal 2: In order to identify the UE that is subject of the implicit cancellation, the target node’s UE ID shall be added to the CHO preparation.
However, further optimisations may be considered. In particular, cancelling the CHO inside the UE fist and sending a new CHO command after the target update introduces the risk of failure, since the UE is without the target preparation for a while; also, it may be considered as unnecessary load on the air interface. On the other hand, not cancelling the CHO introduces the aforementioned race condition. A solution to avoid the cancel-request procedure would be to enable the target to store both, the old and the new UE context. Then, irrespectively if the UE received the new HO Command or not, the target could still admit it appropriately. However, it would have to be able to identify which one the UE expects, so the contexts would have to be somehow tagged. Then, the UE, when performing RACH could indicate the tag. The solution requires therefore RAN2 decision if such information can be transferred at the RACH access. (It is important to note, that this would affect proposal 1 above: if there is a tag, the new Handover Preparation does not cancel the old one.)
Proposal 3: If RAN3 decides cancelling CHO brings about too high risk, RAN3 shall consider requesting RAN2 to evaluate feasibility of configuration tagging.
Another optimisation concerns possible coordination between the source and the target nodes regarding which reconfiguration may be carried out in the source node, and which require requesting a new HO Command from the target. For example, the target node could indicate that all changes to UE context shall be subject to the modification procedure, or only those that DRB setup, or that none shall be consulted (if the target node can not change the prepared CHO, such indication will avoid unnecessary triggering of the Handover Preparation, which will then have to be rejected).
Proposal 4: RAN3 shall consider if the decision on the categorisation of the CHO modification (whether it needs full cancel-request procedure, or can be executed within the source node) is to be left up to the source’s implementation, or the target can indicate preferred policy.
3	Conclusions
In this paper, we analyse the situation with possible RRC reconfiguration needed after CHO has been prepared, but before executed. We observe that certain optimisations are possible:
Observation 1: Prevention of the UE from the race condition is based on cancelling the CHO in the UE before it is cancelled in the target node. In this scenario, cancelling the CHO in the target node is directly followed by a new CHO request.
Proposal 1: As the current baseline, a CHO request received for known UE ID pair and towards a target cell that has already prepared CHO for this UE shall be considered as implicit cancellation of the previous preparation. This does not disable explicit cancellation, if needed.
Observation 2: If the CHO is cancelled before the new request is sent, the UE is protected against race condition better than in case of target-initiated CHO cancel.
Proposal 2: In order to identify the UE that is subject of the implicit cancellation, the target node’s UE ID shall be added to the CHO preparation.
Proposal 3: If RAN3 decides cancelling CHO brings about too high risk, RAN3 shall consider requesting RAN2 to evaluate feasibility of configuration tagging.
Proposal 4: RAN3 shall consider if the decision on the categorisation of the CHO modification (if it needs full cancel-request procedure, or not) is to be left up to the source’s implementation, or the target can indicate preferred policy.
Based on that, we have two TPs, for XnAP BL CR [2] and X2AP BL CR [3].
A similar discussion goes on in RAN2, too [4].
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