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Introduction
[bookmark: _Toc242573354][bookmark: _GoBack]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#106, beam-related aspects of CHO were discussed, and the following email discussion was initiated [2]:
[106#40][NR/Mob enh] Beam specific aspects of CHO (Qualcomm)
	Intended outcome: Reporting to next meeting
	Deadline:  Thursday 2019-08-08

In this contribution we addressed some remaining and follow up issues. 
[bookmark: _Hlk1023687]Discussion
Change of beam conditions between CHO preparation and CHO execution
In NR, network may configure the UE to perform L3 beam measurements to be included in measurement reports (e.g. beam level RSRP, RSRQ, etc.). These reports may be used by source to decide which target cell to select (e.g. the cell with more “good” beams, the cell with strongest “best” beam, etc.), and by target (if source report these measurements in HO preparation) for allocation beam-specific Contention-Free Random Access (CFRA) resources.
Before configuring CHO, the network may also configure the UE to trigger measurement reports and include beam measurements. However, one of the issues raised by rapporteur in [2] and agreed by all companies is that the reported beam measurement information during the CHO preparation may be differ during the CHO execution phase, since it may take longer between both phases, compared to the legacy HO case.
In the email discussion all companies agreed that beam conditions at CHO execution time may be different than used for CHO decision and preparation.

A first impact discussed in [2] was the configuration of CFRA and how this “staleness” could possibly impact the CHO performance. As pointed out in [2] and previous contribution, this is “staleness” is not a specific problem in CHO, though it may happen more often than in legacy HO (shorter delays between preparation and execution phases). For this reason, a fallback mechanism between Contention-Free Random Access (CFRA) and Contention-Based Random Access (CBRA) was standardized. 
In reconfiguration with sync in NR in rel-15, the network may configure CBRA or CFRA. If CBRA is configured, the UE is provided with a mapping between RACH and SSBs for the target cell and, upon receiving the handover command the UE selects a suitable SSB (with PCI associated to the PCI in reconfigurationWithSync, and using the configured mapping sends a preamble and waits for a RAR.
[image: ]
If the UE receives the RAR, the UE gets the UL grant to send the RRCReconfigurationComplete to the target. If the UE does not receive the RAR until the RAR time window expires, the UE may either select the same SSB and ramp the power or, select another SSB.
If CFRA is configured, the UE is also provided with a mapping between RACH resources and specific SSBs (or CSI-RSs) for the target cell and, upon receiving the handover command the UE selects a suitable SSB (with PCI associated to the PCI in reconfigurationWithSync) with CFRA resources, and using the configured mapping sends a preamble and waits for a RAR. In CFRA, these resources are dedicated and after receiving the RAR the UE considers the random access procedure complete (as there is no contention resolution phase). As in CBRA, if the UE does not receive the RAR, the UE may either select another SSB or select the same SSB and ramp the power before it transmit the preamble. However, the UE may select an SSB for which the UE does not have a dedicate RACH resource. This is the so-called fallback between CFRA and CBRA.
Fallback between CFRA and CBRA may is used in legacy HO to cope with potential “staleness” between beam conditions changes between HO preparation and execution phases.

Allocation of Random-access resources in CHO
The fact that in CHO this staleness issue may occur more often, may require a network implementation to configure RACH resource slightly more carefully. 
One alternative is when the target does not have a congestion situation and, upon request from source for CHO, it configures for each potential target SSB (or CSI-RS) CFRA resources. One should not exaggerate and assume this always leads to very inefficient schemes especially because this is not necessarily a 1-to-1 mapping.
A second alternative is when the target does not bother to configure CFRA and, upon request from source, it only configures CBRA resources.
And, in a third alternative, the target decides not to allocate CFRA for all its beams, but for a subset of them that are more likely to be accessed by the UE. And for that, the target is assisted by the source that forwards beam measurement information as part of the RRM information during CHO preparation.
In our view, there is no strong reason not to support all these possibilities in CHO, in the same manner they are supported for legacy HO. In fact, if each target candidate prepares and RRCReconfiguration to be conveyed on a container to the UE and only be applied when the trigger condition is fulfilled, the signalling is ready for that.
Confirm that each target candidate may configure per beam CFRA and/or per beam CBRA for CHO (as in legacy HO).

When it comes to the staleness issue, only for the third configuration possibility the beam information staleness may be an issue from a random-access perspective. However, that can be addressed via the fallback procedure between CFRA and CBRA beams, standardized since Rel-15.
Confirm that fallback between CFRA and CBRA is supported in CHO (as in legacy HO).

Notice that by allowing in CHO the same configurations as in legacy HO as P1, we have lower specification impact as we do not need to add any restriction in what a target candidate may configure in the dedicated RRCReconfiguration to be applied if the trigger condition is fulfilled. Also, by allowing in CHO the same random-access behaviour as in legacy HO as P2, we have lower specifications impact in TS 38.321 once the UE performs the same actions as it would perform in legacy handover. 

Impact of staleness in beam management configurations at target
As discussed above, the staleness of beam information between CHO preparation and executions phases may be addressed by the existing fallback mechanism between CFRA and CBRA. However, one issue not addressed in [2] is the fact that in legacy HO a target prepares beam management related configuration (e.g. CSI/SSB resources to be measured and reported, TCI states, RLM configuration, etc.) possibly assisted by these beam measurements from source to target during HO preparation. We see a similar need in CHO, since the target also needs to prepare an RRCReconfiguration, including L1 configuration containing the configurations for beam management procedures. 
In legacy HO the target is assisted by beam measurements available during HO preparation to configure beam management procedures.

Hence, if beam measurement information is stale in CHO execution, the beam management configurations may not be optimal when the UE accesses the target in CHO execution. That may lead to beam failure, RLF, or at least some delays until the target get the initial L1 reports to figure out it needs to reconfigure the UE. Hence, a simple solution could be to report the latest beam measurements to a selected target (e.g. in RRCReconfigurationComplete) upon CHO execution, to indicate how CFRA resources would have been better allocated or, give the possibility to re-configure L1 beam management measurements. 
UE may report beam measurements in RRCReconfigurationComplete to target during CHO execution. 

Beam measurements used in triggering condition and cell selection upon CHO execution 
In legacy HO, a source gNodeB may want to configure beam measurement reporting to be included in event triggered measurement reports (e.g. A3/5 events) so that it may compare different target candidates and select the one which is more robust (e.g. possibly measured by the number of good beams). In that sense, a proper support of CHO in FR2 requires beam measurement information to be possibly configured as triggering conditions, or, at least to be used as a cell selection criteria if multiple target candidate cells fulfil a triggering condition based on cell quality. 
This was discussed in [2] and it seems almost all the companies admitted that incorporating the latest beam information in selection of the cell for CHO completion improve handover robustness and interruption.
Most accompanies agreed that incorporating the latest beam information in selection of the cell for CHO completion improve handover robustness and interruption.

In the same email discussion [2], most companies also agreed that an acceptable option could be using the cell quality as the only trigger but incorporating beam information for down selection of the triggered cells. The only controversial part was whether that would be standardized or left to UE implementation.
Beam information is used for down selection of the triggered cells. FFS whether that is specified or UE implementation.

One of the arguments against specifying such a rule was that it could be difficult to converge on a single rule. A similar argument was used in the past for a cell reselection rule using beam information, by some companies who argued in favour of an UE implementation procedure. The decision at that time was to give at least one meeting to try to get something agreed. That could also be used here as a possibility. 
************************************************************************************************************************
[bookmark: _Hlk16233630]Question 4: Can incorporating the latest beam information in selection of the cell for CHO completion improve  handover robustness and interruption?

	Company
	Response
	Additional Comments

	MediaTek
	Yes
	Based on latest beam information, UE should be allowed to select a target cell from multiple CHO candidate cells configured by the network.

	CATT
	Yes
	In our view there is a tradeoff between performance and complexity.  We support to also include beam quality as an input for CHO decisions, but we tend to prefer a simple framework that well balances the performance and complexity. Beam quality can be considered on top of cell level results as sort of supplementary, and we believe it provides gains in certain scenarios, but this does not mean that we should put too much effort here considering the use case and the already heavy load in Rel-16 work. 

	OPPO
	Yes
	We agree that latest beam information is useful and can be used by the UE to select among multiple CHO candidate cells for CHO execution.

	Spreadtrum
	Yes
	For the candidate target cells satisfied with CHO condition, the UE can use the latest beam information in selection of target cell. We think it can be done by UE implementation.

	Samsung 
	No
	Since cell quality derivation formulation already has the beam condition factores. i.e., number of beams considered and its threshold. At least, cell quality metric should be first considered. And we don’t know how much gain is obtained by making additional beam related condition further. And regarding the latest beam information, there is no need to specify the “latest beam information” since always UE will evaluate the latest condition of beam or cell. 

	DOCOMO
	Yes
	Since the execution is done by UE, incorporating the latest beam information could help UE to select the most optimal target cell from multiple CHO candidate cells. 

	ITRI
	Yes
	Yes, we agree that the latest beam information is useful in selection of the cell for CHO.

	Huawei, HiSilicon
	Yes
	The UE can select one suitable target cell (one suitable beam in the cell) for accessing based on the latest measurements.

	Intel
	
	We assume the scenario is when multiple candidate cells satisfy the execution condition, and then we can leave it to UE implementation on how to select the cell among these good candidate cells. 
Regarding how to identify good candidate cells, cell level quality should be sufficient. 

	ZTE
	No
	The selection of CHO candidate cells is somehow different from the reporting of beam info in CONNECTED and the cell reselection ranking in IDLE. 
For reporting measurement results in CONNECTED state, the reported cells in a MR are on a single carrier. The RS type and trigger quantity on a single carrier are the same. In this way, it’s possible for the network to compare the different cells taking the reported beam info into consideration.
In IDLE state, the UE performs measurement only on SSB. And the R criterion for cell ranking is based on RSRP only. So in this way, the UE can compare different cells taking the beam number into consideration.
However, the multiple CHO candidate cells that satisfy the corresponding CHO execution conditions may be from different frequencies. The beamwidth on different carriers (e.g. FR1 and FR2) can then be quite different. Given that, a cell on carrier 1 with a higher number of qualified beams doesn't necessary mean that it is better than a cell on carrier 2 with fewer qualified beams (assuming the two cells have the same cell level quality). Furthermore, the trigger condition for different CHO candidate cells may be configured with different RS types and/or trigger quantities. Considering for instance different RS types, the beamwidth of SSB and CSI-RS can be quite different. For example, the beamwidth of CSI-RS is typically narrower than the beamwidth of SSB. Given that, a cell measured via CSI-RS with more qualified beams doesn't necessary mean that it is better than a cell measured via SSB with fewer qualified beams (again assuming the two cells have the same cell level quality). 
Given the above, in our opinion, it’s almost impossible to incorporate the beam info as an input for CHO candidate cell selection.

	Ericsson
	Yes
	It is obvious that beam information may improve robustness; this was one of the reasons we agreed in Rel-15 to have beam reporting. Considering beam information in the CHO execution has two possible impacts that needs further discussion:
- How trigger condition relies on beam information;
- How beam information may be used in cell selection (in case multiple cells fulfill the CHO trigger condition).

	Lenovo&MotoM
	No
	We don’t support that beam information is used to select the candidate cell. See reason below.
1. In general, the handover is performed based on ‘slow change’ signal rather than ‘quick-change’ signal. That is why UE needs to report cell quality in NR. Otherwise, UE only reports beam measurement result. 
2. In Rel-15, the main reason to report beam quality is for the dedicated RACH resource configuration purpose.
3. Cell quality is the average of several suitable beams. Therefore, the beam information has been realized in the cell quality. It is sufficient to only consider the cell quality to select a suitable cell among multiple candidate cells meeting the condition.
4. If multiple candidate cells meet the condition, the straightforward is to select one cell with the best quality.

	Sharp 
	Yes 
	If CHO conditions for multiple candidate cells are met, UE can take the latest beam information for target cell selection. However, it can be UE implementation.

	vivo
	Yes/No
	If multiple candidate cells triggering conditions are satisfied for CHO, some mechanism is needed for UE to select the target cell. We think the priority can be configured by network or the selection can be based on the latest beam measurement. 

	Nokia
	No
	Beam-related information is anyway incorporated in the CHO execution condition (as the cell-level quality is derived from beam-level results). The UE considers configured beam-level quality thresholds and the number of beams to average, which shall sufficiently take into account beam-related aspects. In addition, as discussed in Q3, the UE may update the NW with the latest measurement results, after CHO preparation and before the CHO execution. 

	ETRI
	Yes
	Same view as CATT.

	CMCC
	Yes
	The cell selection in CHO is quite similar with that of cell reselection.

	Interdigital
	Yes
	As noted by the rapporteur, selection of the CHO target is performed by the UE (as with cell reselection).  It would make sense to use beams in selecting the CHO target since beams are used in selection of the cell reselection target. 

	LG
	No
	Beam information may be helpful in a few case but the gain would be not much. Considering that the network have already received measurement results including beam information if necessary, the network is able to estimate beam results in the near future mostly.


************************************************************************************************************************
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
1. [bookmark: _Hlk528334907]Confirm that each target candidate may configure per beam CFRA and/or per beam CBRA for CHO (as in legacy HO).
1. Confirm that fallback between CFRA and CBRA is supported in CHO (as in legacy HO).
1. UE may report beam measurements in RRCReconfigurationComplete to target during CHO execution. 
1. Beam information is used for down selection of the triggered cells. FFS whether that is specified or left to implementation.
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