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1. Introduction

The following email discussion was agreed in RAN#106 with the intention to make progress on beam specific aspects of Conditional Handover (CHO) for NR:
[106#40][NR/Mob enh] Beam specific aspects of CHO (Qualcomm)


Intended outcome: Reporting to next meeting


Deadline:  Thursday 2019-08-08

This contribution will capture the company views on beam specific aspects of CHO and provide way-forward proposals based on consensus or majority view. 

2. Background
RAN2 has made significant progress on CHO during the last two meetings. In RAN2#105bis, the following framework was established:
Agreements

0:
CHO is introduced in NR to solve robustness/reliability issue.

1:The LTE agreements below are applicable for NR: 

a/ CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

b/ Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

c/ Support configuration of one or more candidate cells for conditional handover;

=>
FFS how many candidate cells (UE and network impacts should be clarified).

=>
FFS how to include the CHO conditions in UE configuration

d/ The baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.

e/ The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 

f/ 
RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be considered. Detailed decisions require RAN3 study.

2
Cell level quality is used as baseline for CHO execution condition;

FFS: on whether beam quality is used as input for CHO execution condition.

3
 RS type SSB can be used

FFS: CSI-RS, use of more than one RS type

4
Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline

FFS: on other events

5
Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. 

FFS: on multiple quantities.

FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)

RAN2#106 has agreed on further details for CHO as follows:

Agreements

2
The source cell decides on the condition for the execution of CHO. 

3
The source cell adds the condition for the execution of CHO to the RRC message sent to UE.

4
Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.

5
CHO execution does not trigger measurement report.

6
On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)

Agreements

1:
Separate CHO execution condition(s) can be configured for each individual candidate cells.

2
Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)

3
As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, singe quantity.

3.1
The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR

3.2
The single RS type can be configured to be SSB or CSI-RS

FFS Whether multiple triggering conditions are required.

Agreements

1
UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 

2.
The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)

Working assumption (to be confirmed next meeting after checking further details)

3
At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed

4
At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed

The FFS from the above agreements are also related to beam specific aspects:

· FFS: on whether beam quality is used as input for CHO execution condition.
· FFS: CSI-RS, use of more than one RS type
· FFS Whether multiple triggering conditions are required
An email discussion (105#58) on LTE CHO observed that the main difference between LTE and NR are beamforming aspects (19 of 21 companies agreed on this). Even though CHO is being specified for both LTE and NR in separate tracks, the agreements so far have been ported from one to the other, depending on which WI had made progress first. Considering that the importance of beamforming for NR and being the main difference between LTE and NR as far as CHO is concerned, it is essential that RAN2 does the due diligence on this part.
In RAN2#106, several contributions [1-10] addressed beam specific aspects and mostly focused on whether beam information should be considered during the CHO execution phase. The arguments for such considerations were based on the “staleness” of the beam information in 1-) The selection of the target cell for CHO execution 2-) Selection of beams for CHO completion.

In the legacy HO, the RRM report from the UE can include beam information and the gNB can take these into account when selecting a target cell for HO. For the CHO case, even though gNB can still use such information when configuring CHO candidates, the beam information can change until the CHO execution time. Therefore, some companies argued that not incorporating the latest beam information would result in sub-optimal selection of the target cell. 

The CHO completion phase relates to the configuration of RACH resources. In legacy HO, the UE is usually provided with CFRA resources in order to expedite the completion of HO. This can also be considered to be the preferred method for CHO. However, the beams where RACH resources are configured may not be optimal or feasible at the CHO execution phase, for example if those beams do not have sufficient quality. To this end, some companies have reaonsed that such situations would require special handling while others argued that this can be alleviated or solved e.g. by providing RACH opportunities for all beams and/or falling back on CBRA. 
3. Discussion
It would be good to first identify the problem before discussing the possible solutions or not having a solution.
In Rel-15 NR, the UE can be configured to report beam measurements which the network can use in the HO decision. In legacy HO, the HO execution is usually immediately after the UE reporting where the source gNB makes the HO preparation based on the latest UE reporting and then delivers the HO command to the UE.
Question 1: Do you agree that the beam conditions at HO preparation and execution times are usually similar for Rel-15 NR HO?

	Company
	Response
	Additional Comments

	MediaTek
	Yes
	This may not be always true as beam conditions can change rapidly in NR. But at least this is what the network and UE have to assume. If beam conditions upon HO execution are very different from that at HO preparation, UE will suffer from handover failure.

	CATT
	Depends
	In our understanding this depends no multiple aspects such as UE speed, frequency band, etc. 

	OPPO
	Depends
	We share the same view with CATT and this is also why target gNB may also configure common RACH resources in HO command for UE to fallback from CFRA.

	Spreadtrum
	Yes
	Since the time interval is very short, the beam conditions at HO preparation and execution time are similar.

	Samsung 
	Question is bit unclear
	There is no dominant side. In legacy Rel-15 NR HO, even if CFRA is configured based on reported beam quality, there is no guarantee that CFRA is successful or not.  

	DOCOMO
	Yes
	Generally it is similar considering the time interval between HO preparation and execution time is short.

	ITRI
	Depends
	We also share the same view as CATT.

	Huawei, HiSilicon
	Depends
	It depends on lots of factors, e.g. UE speed, cell range. We tend to agree to make the assumption, otherwise HOF may occur frequently.

	Intel
	Depends
	The reason we support fallback for RACH is because the beam may be changed. 

	ZTE
	Depends on the actual scenario
	Depends on the frequency range, UE movement, the actual beamwidth, etc.

	Ericsson
	Yes
	In legacy HO in NR, the UE reports up to date beam measurements that may be used as input for HO decision. Hence, to make the CHO follow that we need to define a rule for CHO triggering based on the latest beam measurement information.

Then, there is a difference between CHO and Legacy HO in NR. In legacy HO these beam measurements are also used by target to prepare the UE’s RRCReconfiguration (e.g. beam management configuration) and possibly configure CFRA. In that sense, it is assumed that in most cases the beam measurements in target remain valid when the UE tries to execute. But, even if they are not, Rel-15 has a fallback mechanism to cover that case where UE may select another beam with CBRA configuration.

In CHO we think that beam measurements reported from source to target during CHO preparation may not be so useful for preparing CFRA. So, the only question to be addressed is whether it is worth or not to send beam measurements during HO preparation. 

	Lenovo&MotoM
	Yes
	As usual, both HO preparation and CHO preparation will be transmitted when UE is located at the cell edge. Therefore, CHO preparation will not be transmitted too early comparing to normal HO preparation.

	Sharp
	Yes
	Though it may depend on e.g. UE speed, due to the time between HO preparation and HO execution is short, it can be assumed the beam conditions are similar in most cases.

	vivo
	Yes
	We agree it is related to UE movement. This is the reason we have fallback CBRA in HO. 

	Nokia
	Usually yes
	As the HO execution occurs immediately after HO preparation. 

	ETRI
	Depends, but mostly Yes
	We share the view with MediaTek, ZTE, Ericsson, and Nokia.

	CMCC
	Yes
	Agree with CATT, Intel, Huawei and ZTE.

	Interdigital
	Yes
	In general, the time between HO preparation and HO execution should be short, and the beam condition should not have changed.

	Qualcomm
	Yes
	


Conclusion: Out of 19 companies who responded, 10 said “Yes”, 2 said “mostly Yes”, and 6 said “Depends”. The companies who said “Depends” point out that this may depend on factors such as UE speed and beam width. Since the goal of the question was to get the common understanding how beams are useful in legacy HO, it can be observed that the beam information is similar at HO preparation and execution even though there are factors which can impact this.
Observation 1: In Rel-15 NR legacy HO, the beam conditions at HO preparation and execution times are usually similar even though this may also depend on factors such as UE speed, beam width, cell range etc.

In CHO, per design, the execution phase can come much later than the preparation time and the “staleness” of this information was the main motivation in discussing whether to do something different than legacy HO. 
Question 2: Do you agree that the beam conditions at CHO execution time may be different than used for CHO decision and preparation?

	Company
	Response
	Additional Comments

	MediaTek
	Yes
	

	CATT
	Yes
	As the question is “may be different”, it is hard to say No. 

	OPPO
	Yes
	

	Spreadtrum
	Yes
	It depends when to trigger conditional handover execute.

	Samsung 
	Yes
	Same as CATT opinion

	DOCOMO
	Yes
	

	ITRI
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Intel
	Yes
	May be different. But it could happen in Rel-15 HO. 

	ZTE
	Yes
	

	Ericsson
	Yes
	It can be different, but it may also be different in the legacy case That is the reason why we have already specified in MAC the fallback mechanism where the UE may select another beam without CFRA and do CBRA.

	Lenovo&MotoM
	Yes
	It also be happen in Rel-15 HO. It is not specific in CHO.

	Sharp
	Yes 
	

	vivo
	Yes
	

	Nokia
	Yes
	Of course, the larger is the time gap between HO preparation and HO execution phase, the larger is the likelihood beam conditions may differ (assuming UE’s mobility and other factors). 

	ETRI
	Yes
	

	CMCC
	Yes
	Agree with Intel and Ericsson. May be different. But it could happen in Rel-15 HO.

	Interdigital
	Yes
	The general case is that there is a large time game between CHO preparation and CHO execution, since the UE is configured with a CHO when the source cell connection is still good.

	Qualcomm
	Yes
	


Conclusion: All companies responded “Yes” to the question.
Observation 2: For CHO, the beam conditions at CHO configuration and CHO execution can be different due to the large delay between preparation and execution.
One option to prevent the “staleness” of the beam information at the NW side is for the UE to send updates to the gNB when beam conditions change after CHO configuration. This seems to be in contradiction with the spirit of CHO which aims to rely on UE execution based on the latest condition in contrast to legacy HO which relies on UE reporting of latest conditions followed by NW action. In addition, this would require additional measurement configuration and further Xn signalling followed by an update to the CHO configuration. Even though this is an implementation option, it would be beneficial to confirm that this is not the ideal solution for the “staleness” issue.

Question 3: Do you agree that using additional measurement reporting to refresh the CHO configuration based on the latest beam information is not an optimal solution?

	Company
	Response
	Additional Comments

	MediaTek
	Yes
	If CHO is needed, the network may assume that the channel is unreliable upon HO execution. Then the delivery of such additional measurement report may fail.

	CATT
	Yes
	There seems to be no need for such extra mechanism. 

	OPPO
	Yes
	Reporting refreshed beam measurement right before CHO execution would be too late and also vulnerable to be failed.

	Spreadtrum
	No
	Before the UE triggers CHO, the UE still maintains RRC connection with the source PCell. The UE may stay longer within the source PCell, and the UE still needs to perform measurement and send measurement reports if necessary. The additional measurement report can be used to refresh RACH resources linked to the latest beams of the candidate target cell.   

	Samsung 
	Yes
	

	DOCOMO
	Yes
	

	ITRI
	Yes
	If the intention of the additional measurement reporting is to refresh the CHO configuration, the additional measurement reporting should be before CHO execution. However, when we consider the CHO use case (e.g., unreliable channel environment), the additional measurement reporting may fail unpredictably. This will reduce the utility of the additional measurement reporting. Hence, we don’t consider the additional measurement reporting is an optimal solution.

	Huawei, HiSilicon
	Yes
	The above analysis is reasonable and we do see that there are lots of negative impacts due to such UE reporting. During CHO execution phase, we think the UE can evaluate the CHO execution condition and then select the target cell to access, and the UE can select the beam for accessing based on its latest measurements.

	Intel 
	Yes
	I suppose the question is do we need to introduce a new measurement events to refresh the CHO configuration? 

I assume we will not  touch exiting measurement procedure and does not need to introduce new measurement events, i.e. the UE still needs to report the measurements results when the events have been met. Then it is kind of network implementation on whether the source node needs to forward the updated measurement results to target. But anyway, the source could decide to release/update the candidate cell based on latest measurement. 

	ZTE
	Agree
	Agree with the rapporteur that this is in contradiction with the spirit of CHO.

	Ericsson
	Yes
	The only potential benefit of such a feature could be the update of CFRA resources and the update of target configuration that may depending on beams the UE may be covered by e.g. TCI states, beam management, etc. However, the signaling overhead caused by such updates may not be so nice.

	Lenovo&MotoM
	Yes
	The optimization solution to introduce additional measurement reporting is not needed. My understanding is that the purpose of additional measurement reporting is to refresh the dedicated RACH resource. This issue has been solved in Rel-15. Namely, UE can fallback from CFRA to CBRA.

	Sharp 
	Yes 
	The reason why we consider conditional handover is due to the unreliable delivery of HO command/measurement report, we think in CHO, such latest measurement reporting is also not reliable, so it seems no need for this.

	vivo
	Yes
	We agree with the Rapporteur analysis above. This is the not the logic of CHO. 

	Nokia
	No
	We are not sure what is the motivation behind this question (e.g. to conclude the existing solutions are not optimal and shall not be used in case of CHO?). After preparing the CHO, UE stays in the source cell and still can be configured with measurement reporting, including beam-related information. Thus, the NW can benefit from such reports, if any event is triggered in the meantime and related reporting occurs. Is the intention to ensure such configuration after CHO preparation will not be possible?

	ETRI
	Yes
	We have a concern there is the problem of the “staleness” of the beam information at the NW side upon CHO execution. Therefore, we think only the latest beam information upon CHO execution is sufficient as stated in our response to Q7.

	CMCC
	Yes
	Agree with the rapporteur that this is in contradiction with the spirit of CHO.

	Interdigital
	Yes
	Updated beam information associated with the CHO configuration is not needed at the network, and the UE can simply rely on CBRA resources when CHO is triggered.

	Qualcomm
	Yes
	


Conclusion: Out of 19 companies, only 2 companies disagreed. However, their point seems to be that this is a feasible implementation while the motivation for the question was not to rely on latest UE measurements for CHO similar to legacy HO.
Observation 3: For CHO, it is not preferable to rely on frequent UE measurement reporting to update the CHO configuration based on the latest beam information.
As mentioned above, usage of beam information for CHO execution phase aims to improve the selection of best cell for CHO completion. The rationale is that the cell quality alone cannot provide sufficient information for the suitability of a cell. These issues were discussed extensively during the Rel-15 standardization. In the end, it was agreed to derive the cell quality using “good” beams as well as rely on UE reporting of individual beams in Connected mode. A similar discussion also happened during the specification of Idle/Inactive mode where it was argued that the not using beam information directly in Idle mode could result in sub-optimal cell reselection behaviour as opposed to Connected mode where they can readily be used by the gNB. RAN2 has finally decided to adopt a solution where the decision to camp on a cell takes into account the number of good beams if the cells considered have similar average cell qualities.
The CHO case can be considered to be more similar to Idle mode since the final selection of the cell is done by the UE as in cell reselection. Therefore, it would be good to establish common ground on this.
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. 

	Qualcomm
	Yes
	


Conclusion: 14 companies said “Yes”, 4 companies said “No”, and one company said “Yes/No”. The companies who said “No” think that the cell quality is a sufficient metric which already includes beam measurements and that the beam information is not reliable for handover since it can change quickly and different types of beams (SSB or CSI-RS) cannot be compared. 
Since there is a majority who think that the latest beam information can improve CHO performance, this can be taken as an observation.
Observation 4: For CHO, incorporating the latest beam information in selection of the target cell for CHO completion can improve handover robustness and interruption.
Assuming the response to Q4 is “Yes”, there are several options which were considered in the RAN2 contributions and they can be divided mainly into two categories:
1) Defining new event triggers based on beams which are jointly used with cell level triggers
2) Using the cell quality as the only trigger but incorporating beam information for down selection of the triggered cells 

We note that “jointly” in 1) is used in the generic sense of using both triggers and can also for example include having the cell quality as a primary trigger followed by beam quality
Question 5: Assuming the latest beam information can be used for CHO execution, should RAN2 consider above options or others? 
	Company
	Response
	Additional Comments

	MediaTek
	Yes
	We prefer Opt 2). If there is only one cell whose cell quality meets the triggering criteria, it is the target for CHO execution. Otherwise, the UE can choose one of the candidate cells incorporating beam information.

	CATT
	Yes
	We think these options are good way to go. 

Between the two, Option 2 seems simple and clear. 

	OPPO
	
	We prefer option 2, i.e., beam information is only used for down selection among multiple triggered CHO candidate cells.

	Spreadtrum
	Yes with comment
	We prefer option 2. Cell quality is the only trigger. The UE can use the latest beam information in cell selection, which can be done by UE implementation.

	DOCOMO
	Yes
	We prefer Option2. Cell trigger as the only trigger is sufficient. Latest beam information could be supplementary info for down-selecting the cells.

	ITRI
	
	We prefer option 2.

	Huawei, HiSilicon
	Yes
	We slightly prefer option 2 as this option is simpler than option 1, e.g. for this option, we can fully re-used A3/A5 event, and the beam measurements is considered by the UE when selecting one target cell if multiple cells meet the execution condition.

	Intel
	
	Cell quality as the only trigger. If multiple candidate cells satisfy the execution condition, how to select the cell among them can be left to UE implementation. 

	ZTE
	No
	Latest beam info should not be used for CHO candidate cell selection.

	Ericsson
	Both
	In our view we should consider both 1) and 2).

	Lenovo&MotoM
	No
	Even if beam information is used to select one candidate cell among multiple candidate cells, it also can be up to implementation.

	Sharp
	Yes 
	Option 2. How to incorporating beam information can be left to UE implementation,

	vivo
	Yes
	Option 2 could be simpler. 

	Nokia
	No
	Cell-level events (A3/A5) are already agreed to be the baseline for CHO execution. What kind of scenario is described in Option 2? The situation when multiple cells trigger CHO simultaneously, based on cell-level metric, and the final selection of the cell to access is done on the basis of # of good beams, etc.? We somewhat doubt this is a typical case to be addressed, even for higher frequencies.

	ETRI
	Yes
	We prefer Option 2.

	CMCC
	Yes
	Option 2 is preferred.

	Interdigital
	Yes
	We think both options have merits and may be needed for different reasons.

Option 1 could address the cases where source and target cells have similar cell quality, but the target cell has more good beams (and triggering CHO can improve robustness to beam blockage).

Option 2 would be necessary once CHO is triggered to select between multiple cells that satisfy the trigger condition, but where one cell has more good beams than another.



	Qualcomm
	Yes
	Both options can be considered


Conclusion: Out of 18 companies, only 3 do not want to consider using the latest beam information. There is no clear majority between Option 1 and 2 so both can be discussed further in RAN2.
Proposal 1: RAN2 should consider using the latest beam information for CHO execution such as:


1-) Defining additional triggers based on beam quality in addition to the cell quality 


2-) Using beam information as additional input to the target selection when multiple cells are triggered
For the case where the latest beam information is considered as down-selection or tie-breaker among the candidate cells, one option is to adopt the a rule similar to used in Idle/Inactive mode. The cell reselection in Idle/Inactive mode is specified as follows:

“If rangeToBestCell is configured, then the UE shall perform cell reselection to the cell with the highest number of beams above the threshold (i.e. absThreshSS-BlocksConsolidation) among the cells whose R value is within rangeToBestCell of the R value of the highest ranked cell. If there are multiple such cells, the UE shall perform cell reselection to the highest ranked cell among them. If this cell is found to be not-suitable, the UE shall behave according to subclause 5.2.4.4.”
For the CHO, a similar “range” can be defined ,and the UE performs CHO completion to the cell with the most “good” beams if the cell quality is within the “range” of the maximum cell quality. Here “good” beam refers to a beam whose quality is above a threshold (e.g. absThreshSS-BlocksConsolidation).
The beams where CFRA are configured can also be considered as an input since such beams can have a better chance and/or lower delay to complete the HO.

Another option is to let the UE decide which cell to select if multiple cells satisfy the CHO condition.

Question 6: Which of the following options can be used to select among the cells which satisfy the CHO conditions?

A) The number of good beams

B) The number of good beams if cell qualities are similar, e.g. as in the Idle/Inactive rule above

C) The beams where CFRA are configured
D) Left for UE implementation
E) Other (please describe)

	Company
	Response
	Additional Comments

	MediaTek
	D)
	

	CATT
	B
	

	OPPO
	D
	

	Spreadtrum
	D
	

	samsung 
	C
	Compared to the other options, choosing the cell satisfying the CFRA condition can give the guarantee on the reliability of HO completion, and low latency due to the doing CBRA. Already cell quality is justified, and fast access due to the CFRA would be only guaranteed by this option, otherwise always CBRA fallback will be triggered even option A,B are introduced.

	DOCOMO
	B
	

	ITRI
	D)
	

	Huawei, HiSilicon
	B)
	For this option, both cell quality and beam quality are considered, so it is robustness enough. In addition, this option is re-using the current Idle/Inactive rule as much as possible, so it should be straightforward.

	Intel
	D
	

	ZTE
	C)
	Latest beam info should not be used for CHO candidate cell selection.

	Ericsson
	D is unacceptable. B seems the most reasonable, and A is acceptable.
	

	Lenovo&MotoM
	D
	For option B,  ‘cell qualities are similar’ means different cell quality. If so, we can select one cell with the best quality. It is straightforward and simple way.

	Sharp
	D
	

	vivo
	B
	This is quite similar as idle mode cell reselection in Rel-15 NR. Both cases are evaluated at UE side based on the measurement.

	Nokia
	C or/and D
	When multiple cells meet the CHO execution condition (defined as a cell-level event) then it shall be up to the UE implementation which one to select (as any cell shall be suitable). However, it seems to be rather straightforward to prioritize a cell with CFRA resources. Thus, a reasonable UE implementation will go for that option.  

We do not think Option A or B is needed. Beam-specific parameters to ensure a number of beams above certain threshold have been taken into account were already applied in cell-level quality derivation.

	ETRI
	B
	This can be discussed with Q1 of [106#41].
Basically according to cell level qualities. 
Optionally, the network allocates a priority (e.g., cell-specific offset) for different candidate cells to control the UE’s target selection.
The beam level quality can be used as an auxiliary information when cell level qualities (including the priority) with of multiple candidate cells are deemed similar.

	CMCC
	B
	Similar to cell reselection, the priority of different frequencies could be indicated by the source node.

	Interdigital
	B
	When the cell qualities are approximately the same it is useful to consider the number of good beams in the selection, similar to IDLE/INCTIVE reselection.

	Qualcomm
	D
	


Conclusion: 8 companies support Option B; 9 companies support Option D while 3 companies support Option C (Nokia counted twice for Option C and D). One company who supports B is also fine with Option A.
There is no clear majority for any option. However, Option B and D together have significant support. Therefore, it is better for RAN2 to focus on these two options. One compromise could be to allow both where it is up to UE implementation to select a target cell if the parameters used in Idle/Inactive solution are not configured.
Proposal 2: For the scenario of multiple CHO cells being triggered, RAN2 should adopt one of the following for target cell selection:

A ) Up to the UE implementation
B) NR Idle/Inactive solution based on the number of good beams.
C) NR Idle/Inactive solution and up to UE implementation if the parameters for NR Idle/Inactive solution are not configured.

In performing RACH for CHO completion, as it was observed, the RACH resources configured for a beam may not be optimal or feasible at the CHO execution. As a solution, two fall-back options can be considered: 
1-) Configuring RACH resources for all beams 
2-) Relying on CBRA when the configured CFRA resources are not feasible are already feasible implementations.
The first option has the obvious drawback of resource wastage while the second option can increase the CHO completion. 
Question 7: Should RAN2 specify any solutions to improve the RACH performance for CHO completion with multiple beams in addition to the above options? If Yes, please describe.
	Company
	Response
	Additional Comments

	MediaTek
	No
	RAN2 needs not to specify any solutions to improve the RACH performance. Current specification allows the network to configured PRACH resources no beam (CBRA) on one beam, some beams, or all beams. It can be up to network implementation how PRACH resource should be configured for CHO.

	CATT
	No
	In our view option 1 and 2 provide sufficient tools for RACH configuration, we do not see a strong need for extra optimizations. 

	OPPO
	No
	We think the two fall-back options above are sufficient and legacy HO can already live well with them. 

	Spreadtrum
	No
	Option 2 is sufficient.

	Samsung 
	No 
	

	DOCOMO
	No
	Regarding how to configure PRACH resources to multiple beams could be left to network implementation. Option2 could also increase the CHO completion. It is already sufficient. 

	ITRI
	No
	We don’t think that any additional solutions are needed to improve RACH performance. The current RACH schemes is sufficient.

	Huawei, HiSilicon
	No
	Currently, the network can configure CFRA/CBRA resources for any beam, and it depends on network implementation. If CFRA fails, the UE can be able to perform fallback to CBRA.

	Intel
	No
	

	ZTE
	No
	No need for any optimization for CHO RACH performance.

	Ericsson
	Not for RACH, but for beam management procedures
	Rel-15 already specifies a fallback solution between CBRA and CFRA. In our view we should agree that this is possible to be used in CHO execution (which is similar to a HO execution). Then, what is perhaps more tricky is the beam management configuration that the target has prepared based on beam reporting from source to target. That might need updates when CHO is executed. So, we should consider a solution where up to date measurements are acutally included in the RRCReconfigurationComplete message, with latest beam measurements.

	Lenovo&MotoM
	No
	If the resource is sufficient, gNB can configure RACH resource for all beams. Otherwise, gNB can configure RACH resource for a part of suitable beams. In the latter case, UE can fallback from CFRA to CBRA if UE cannot access by CFRA.

	Sharp
	No
	It is sufficient to use option 1 and option 2.

	vivo
	No
	No need for any optimization. 

	Nokia
	Yes
	We think there should be a possibility to update the configured beams with CFRA resources after the CHO preparation. We also share some of the concerns described by Ericsson.

It is not very realistic to assume the NW will configure CFRA resources for all the beams (i.e. Option 1), whereas relying purely on CBRA (Option 2) does not guarantee rapid and effective HO execution.

	ETRI
	Yes
	As we already know, option 1 is a great waste of resources. Option 2 can increase the handover latency and service interruption.
If agree to Yes, we suggest that the UE sends the latest beam information via “Bye” message to indicate the selected beam information to the target. The target gNB can configure multiple candidate CFRA resources in the CHO configuration based on the beam measurements in MR, but does not need to reserve these resources for the UE exclusively at this time. The target gNB can apply overbooking of candidate CFRA resources, that is, same resources can be configured for some CHO UEs. The UE can report the selected single or a few CFRA resources or latest beam measurements via “Bye” message to the source gNB just before the CHO execution. The source gNB transfers it to the target gNB. After receiving the latest beam information via “Bye” message, the target gNB can reserve these resources for the UE exclusively at this time. The contention probability is much lower than relying on CBRA because the timings of CHO execution of some CHO UEs configured with same CFRA resources are well distributed in time.

	CMCC
	No
	Existing solutions are sufficient.

	Interdigital
	No
	Options 1 and 2 should be sufficient, and feasibility of CFRA resources (in case of option 2) can be further discussed in the context of CHO.

	Qualcomm
	No
	


Conclusion: Out of 19 companies, 2 think that some optimizations are feasible. One of them wants to update the RACH configuration after CHO configuration. However, this will be an allowed implementation since the gNB can update the CHO configuration. Other company wants to use the so-called “Bye” message with the latest beam information which is then used to reconfigure the RACH resources. One company suggests including the latest beam measurements in RRC complete message but acknowledges that this is independent of RACH procedure. All the remaining companies think that no other optimizations are necessary, and it is reasonable to follow the large majority.
Proposal 3: No additional optimizations are introduced to improve RACH performance for CHO completion with multi-beam operation.
4. Conclusion and Proposals
Based on the feedback provided by companies, the following are observed and proposed:

Observation 1: In Rel-15 NR legacy HO, the beam conditions at HO preparation and execution times are usually similar even though this may also depend on factors such as UE speed, beam width, cell range etc.

Observation 2: For CHO, the beam conditions at CHO configuration and CHO execution can be different due to the large delay between preparation and execution.
Observation 3: For CHO, it is not preferable to rely on frequent UE measurement reporting to update the CHO configuration based on the latest beam information.
Observation 4: For CHO, incorporating the latest beam information in selection of the target cell for CHO completion can improve handover robustness and interruption.
Proposal 1: RAN2 should consider using the latest beam information for CHO execution such as:


1-) Defining additional triggers based on beam quality in addition to the cell quality 


2-) Using beam information as additional input to the target selection when multiple cells are triggered
Proposal 2: For the scenario of multiple CHO cells being triggered, RAN2 should adopt one of the following for target cell selection:

A ) Up to the UE implementation

B) NR Idle/Inactive solution based on the number of good beams.

C) NR Idle/Inactive solution and up to UE implementation if the parameters for NR Idle/Inactive solution are not configured.

Proposal 3: No additional optimizations are introduced to improve RACH performance for CHO completion with multi-beam operation.
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