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1 Introduction
In last RAN2#105bis meeting, Conditional Handover (CHO) has been agreed as one potential solution for NR handover robustness improvements [1]: 
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)

As the discussion on LTE conditional handover is still ongoing, the email discussion [105#58] was performed to compare LTE and NR conditional handover, and beamforming was consider as NR specific issue for conditional handover [2]: 
Question 2: do companies agree the main differences between LTE and NR is FR2 and beamforming aspects?

Summary: 21 companies provided view. 

19 companies agree the main difference between LTE and NR is beamforming (for FR1 and FR2);

2 companies support to use beamforming information as input for trigger condition;

5 companies think this difference does not mean different solutions are needed for LTE and NR;

Based on the inputs from companies, Rapporteur has below proposal: 

Observation 1: The main difference between LTE and NR is beamforming (for FR1/FR2); FFS on whether NR specific solutions are needed to address beamforming 

This contribution will address the beamforming related issues for NR Conditional Handover (NR CHO).
2 Discussion 
Similar to LTE conditional handover, the basic working procedure of NR CHO could be showed as figure 1. The working procedure consists of following steps: 

1. The UE sends the measurement report to the source eNB, where beam measurements could also be reported according to network configuration.

2. The source eNB decides to configure CHO for the UE, based on the measurement report.

3. The source eNB sends CHO request to one or multiple candidate cells, where beam measurements could also be sent to potential target cells.

4. Admission Control is performed by the candidate cell (s).

5. Candidate cell (s) responds the source eNB with CHO ACK, which can include the configuration for the UE, e.g., the new C-RNTI, dedicated preambles (associated to SSB or CSI-RS).

6. The source eNB configures the CHO configuration to the UE. Whether beam quality is used as input for CHO execution condition is FFS.
7. UE finds the measurements fulfil CHO condition, and then it triggers the random access to the target eNB. Before that, UE may send a “Byebye” message to the source eNB.
8. The target eNB sends CHO complete to the source eNB.
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Figure 1. Basic working procedure of NR CHO

As discussed in the email discussion, many companies think the outdated beam-related information (reported in step 1) problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long, and one of consequence of the outdated beam related information is fallback to CBRA (same as legacy NR HO) may happen frequently due to beam change if CFRA is configured for a limited number of beams in step 5. 
But companies do not agree it is the good solution that “The UE reports the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution”, since it is obvious too late for potential target cells to reserve dedicated RACH resources based on the report. Therefore: 
Observation 1: Network side has no information of latest beam measurements when NR CHO is triggered.
Another issue is whether to consider the beam level quality when define condition (for HO execution) in step 6. Remember that in Rel-15, network could configure UE to report beam measurements, and then network may make the handover decision according to both cell level and beam level measurement results. Similarly, the cell reselection mechanism could also take beam measurements into consideration as follows [3]:
“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.”
Therefore, it is reasonable for NR CHO to also follow the principle that beam level measurement results can be used for handover decision.
Proposal 1: NR CHO to follows the principle that beam level measurement results can be used for handover decision.
Furthermore, as indicated in observation 1, the gNB is not aware of beam measurements when CHO is triggered, which is similar to idle and inactive state. When multiple target cells with the same priority fulfil CHO, which target cell should UE try to access? In our opinion, it is reasonable for NR CHO to follow the cell reselection principle. That is, the number of good beams of potential target cells could also be considered, e.g. as input for CHO execution condition.
Proposal 2: The number of good beams of potential target cells could be considered as input for CHO execution condition.

3 Conclusions
According to above analysis, we made following observations:

Observation 1: Network side has no information of latest beam measurements when NR CHO is triggered.
Based on above observations, we made following proposals:

Proposal 1: NR CHO to follows the principle that beam level measurement results can be used for handover decision.
Proposal 2: The number of good beams of potential target cells could be considered as input for CHO execution condition.

4 References

[1] Report of RAN2-105bis; ftp://ftp.3gpp.org/tsg_ran/WG2_RL2/TSGR2_105bis/Report/.
[2] R2-190xxxx, Report of the email discussion [105#58][NR/MOB] Comparison of LTE and NR Conditional handover (Intel)
[3] 3GPP TS 38.304 V15.2.0 (2018-12)
_1614755623.vsd
UE


Source eNB


Target eNB


Other Candidate eNBs


Measurement Report


CHO decision


CHO Request


CHO Admission Control


CHO Request


CHO Admission Control


CHO Request ACK 
(incl. RRC config )


CHO Request ACK (incl. RRC config )


RRC Reconfiguration with CHO config 


Synchronization, random access, RRC connection setup


CHO is triggered


CHO Complete


Bye



