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1. Introduction 
In RAN2#105 meeting, the following agreements on the baseline of the CHO were achieved in LTE_feMob WI [1]:
Agreements

1: The baseline operation for E-UTRAN 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.

3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).

And in [105#58][NR/MOB] Comparison of LTE and NR Conditional handover email discussion [2], RAN2 discussed whether NR CHO is different than LTE. The email discussion derived some proposals and identified NR specific issues and common issues for NR and LTE. One of the identified common issues for NR and LTE is “service interruption caused by CHO”.
In this contribution, we discuss on service interruption in the CHO, e.g., the combination of MBB and CHO, data forwarding, outdated beam related information. This is the revision of R2-1903907 and to R2-1903912 to merge two contributions.
2. Discussion
2.1. The Combination of MBB and CHO

There are some similarities between MBB and CHO. First, the connection to the source cell is maintained after the reception of HO command type of message before a certain time point. In MBB, the time point is when the UE executes initial uplink transmission to the target cell. In CHO, the time point is when the HO execution condition is met. Second, it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell. Third, therefore, the source does not know when the UE accesses the target cell.
The CHO can be easily combined with MBB by the help of these similarities and therefore, many companies proposed the combination of MBB and CHO to reduce interruption time and improve reliability and robustness [3], [4], [5], [6], [7], [8]. In the combined solution, the UE can decide the handover time point as when the UE executes initial uplink transmission to the target cell after the HO execution condition is met.
Observation 1: There are some similarities between MBB and CHO and therefore, the CHO can be easily combined with MBB by the help of these similarities.
Proposal 1: RAN2 is requested to consider the combination of MBB and CHO to reduce interruption time and improve reliability and robustness.

Proposal 2: RAN2 is requested to consider that the UE can decide the handover time point as when the UE executes initial uplink transmission to the target cell after the HO execution condition is met in the combination of MBB and CHO.

2.2. Data Forwarding in Conditional Handover

In RAN2#105 meeting, with regard to data forwarding in the CHO, RAN2 agreed that 
RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
For late packet forwarding in the CHO, following options are possible:

Option 2: after receiving an explicit indication from the UE just before the HO execution  [3], [4], [9], [10], [11], [12]
Option 3: after receiving an explicit indication from the target gNB after the HO completion
Option 4: when the source decides to stop exchanging data with the UE, and the timing is determined by implementation (as in Rel-14 MBB)

The same options are used to discuss data forwarding in eMBB handover in our companion paper [13]. 

Option 4 later than Option 3 is useless because it can lead to the increased interruption time in the target cell because DL data can not be available when the UE arrives at the target cell. In addition, when there are multiple candidate target cells, Option 4 earlier than Option 3 is very unclear and almost impossible.
Observation 2: When there are multiple candidate target cells, Option 4 (i.e, the source decides when to initiate data forwarding) is either useless or almost impossible.
Proposal 3: RAN2 is requested to do not consider an implicit way (i.e., the source’s decision) to initiate data forwarding in the CHO. 
In Further mobility enhancements in LTE WI, RAN2 asked RAN3 to introduce X2 signaling for the target eNB to indicate to the source eNB that the UE has successfully completed the handover and as a result the source eNB can stop the data exchange with the UE and initiate data forwarding [14]. RAN3 has decided that it is not necessary for any data forwarding mechanism and agreed not to specify it [15]. RAN3 precluded Option 3 because DL data will become available in the target eNB after a delay corresponding to the X2 round-trip delay + processing time in the source eNB and therefore, from the interruption time point of view, it is too late and has no advantage [16]. Also, it can cause the waste of radio resources in the source cell if the UE already detached from the source cell. The same reasoning is also applicable for NR.

Observation 3: “late” data forwarding (i.e., an explicit indication from the target gNB) can lead to the increased interruption time in the target cell and cause the waste of radio resources in the source cell.
In Option 2, “on time” data forwarding can be performed. The UE can send Uu HO execution indication to the source gNB just before the UE accesses the target cell. As observed by some companies in [104#61][LTE/feMOB] Solution directions for minimizing user data interruption for UL/DL email discussion [17], this option is the best solution to balance the interruption time and the amount of data forwarding. There is one concern on the reliability. But HO execution indication could be more reliable than HO command because the message size is very small and the UL cell loading can be usually less than DL. In addition, even though HO command is not perfectly reliable, the network-controlled HO is performed as a first resort and the UE-based HO (i.e. RLF recovery) recovers when an HO failure occurs as a last resort, for better performance (e.g, to decrease the interruption time). By the same reasoning, Option 2 can be used as a first resort and Option 3 can recover as a last resort, for better performance (e.g, to decrease the interruption time). The procedure is as follows:

The UE synchronises to the target cell after the HO execution condition is met and triggers the handover execution procedure by sending a Uu HO execution indication message to the source gNB by using Option 2. If the target gNB has received RRCConnectionReconfigurationComplete message from the UE, but has not received an HO execution indication or any forwared data from the source gNB yet, the target gNB sends an Xn HO execution indication message to notify the source gNB of the handover completion of the UE by using Option 3.      

Observation 4: “on time” data forwarding (i.e., an explicit indication from the UE) is the best solution to balance the interruption time and the amount of data forwarding.
Proposal 4: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as a first resort and “late” data forwarding (i.e., an explicit indication from the target gNB) as a last resort in the CHO.

In RAN2#105 meeting, with regard to data forwarding in the CHO, RAN2 agreed that in case of single prepared candidate target cell, early packet forwarding could be considered as an option. 

For early packet forwarding in the CHO, following options are possible:
Option 0: as soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE (legacy LTE)

Option 1: as soon as the transmission of the handover command is initiated in the downlink (legacy LTE)

Option 4: when the source decides to stop exchanging data with the UE, and the timing is determined by implementation (as in Rel-14 MBB)
Option 5: when the source decides to initiate data forwarding to single prepared candidate target cell, and the timing is determined by implementation.
Option 4 later than Option 2 is not an “early” packet forwarding. Option 4 earlier than Option 2 is very unclear and almost impossible because it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell in the CHO. 

In Option 0 and Option 1, it is impossible for the source eNB to know the target cell is only one single prepared candidate at that time in most CHO cases. But, if only one target cell is configured and the UE is expected to handover quickly, the network can choose to start data forwarding early as proposed in [18]. However, in that case, the network can choose a normal HO rather than the CHO.

In Option 5, how the source can decide to initiate data forwarding to single prepared candidate target cell is an issue. In one option, the source can decide the time point to initiate data forwarding in Option 5 earlier than Option 2 based on an MR that informs that the HO execution condition will be met quickly. However, there is not much difference between this Option 5 and Option 2.

Observation 5: “early” data forwarding in the CHO can be applied to the very limited case (Option 0 or Option 1), is very unclear (Option 4) or there is not much different from Option 2 (Option 5).
2.3. Outdated Beam Information in NR CHO
In [105#58][NR/MOB] Comparison of LTE and NR Conditional handover email discussion [2], RAN2 discussed the outdated beam related information problem. 13 out of 21 companies agreed outdated beam related information is more severe in CHO for NR than in legacy NR HO. The email discussion derived an observation: Observation 2: 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. However, there is no consensus on whether it is the severe problem or not. 
In addition, fallback to CBRA could increase the HO latency and service interruption. The more serious consequence may potentially lead to an HO failure as commented by some companies. A candidate solution to mitigate the problem was discussed, but not agreed. In the solution, the target gNB can configure multiple CFRA resources in the CHO based on the beam measurements in MR, but does not need to reserve these resources at this time. The UE can report the latest beam measurements or indexes of selected single or a few CFRA resources via HO execution indication to the source gNB just before the HO execution. The source gNB transfers it to the target gNB. After receiving the indication, the target gNB can reserve these resources for the UE. This can mitigate the outdated beam related informatino problem and be more helpful to an efficient and reliable RA procedure and a faster beam alignment.
Observation 6: The consequence of the outdated beam related information in NR CHO is fallback to CBRA and it could increase the HO latency and service interruption.
Proposal 5: RAN2 is requested to discuss whether the outdated beam related information in NR CHO is severe or not.

3. Conclusion
Observation 1: There are some similarities between MBB and CHO and therefore, the CHO can be easily combined with MBB by the help of these similarities.
Observation 2: When there are multiple candidate target cells, Option 4 (i.e, the source decides when to initiate data forwarding) is either useless or almost impossible.
Observation 3: “late” data forwarding (i.e., an explicit indication from the target gNB) can lead to the increased interruption time in the target cell and cause the waste of radio resources in the source cell.
Observation 4: “on time” data forwarding (i.e., an explicit indication from the UE) is the best solution to balance the interruption time and the amount of data forwarding.
Observation 5: “early” data forwarding in the CHO can be applied to the very limited case (Option 0 or Option 1), is very unclear (Option 4) or there is not much different from Option 2 (Option 5).
Observation 6: The consequence of the outdated beam related information in NR CHO is fallback to CBRA and it could increase the HO latency and service interruption.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider the combination of MBB and CHO to reduce interruption time and improve reliability and robustness.

Proposal 2: RAN2 is requested to consider that the UE can decide the handover time point as when the UE executes initial uplink transmission to the target cell after the HO execution condition is met in the combination of MBB and CHO.

Proposal 3: RAN2 is requested to do not consider an implicit way (i.e., the source’s decision) to initiate data forwarding in the CHO. 
Proposal 4: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as a first resort and “late” data forwarding (i.e., an explicit indication from the target gNB) as a last resort in the CHO.

Proposal 5: RAN2 is requested to discuss whether the outdated beam related information in NR CHO is severe or not.

4. References
[1] RAN2#105 Meeting Report

[2] R2-1903450, Report of the email discussion [105#58][NR/MOB] Comparison of LTE and NR Conditional handover, Intel, RAN2#105bis
[3] R2-1818046, Conditional Make-Before-Break Handover, ETRI, RAN2#104

[4] R2-1900920, Considerations on Conditional Handover, ETRI, RAN2#105

[5] R2-1900788, LTE Mobility Robustness Enhancements, Qualcomm Incorporated, RAN2#105
[6] R2-1900969, Target cell selection criteria for the combination of eMBB and CHO, Huawei, HiSilicon, RAN2#105

[7] R2-1901494, Reducing User Data Interruption during Handover in LTE, InterDigital Inc., RAN2#105

[8] R2-1902110, Consideration to Support Conditional HO in LTE, LG Electronics Inc., RAN2#105

[9] R2-1900143, Discussions on Conditional Handover Procedures, MediaTek Inc., RAN2#105

[10] R2-1900615, Optimizations for Conditional Handover in E-UTRAN, Nokia, Nokia Shanghai Bell, RAN2#105

[11] R2-1901003, Conditional handover procedure in LTE, NEC, RAN2#105

[12] R2-1901379, Data forwarding for CHO, China Telecom, RAN2#105
[13] R2-1903911, Data Forwarding in eMBB Handover, ETRI, RAN2#105bis

[14] R2-167312, LS on RAN2 agreements for mobility enhancement, RAN2, RAN2#95bis

[15] R2-1700704, Response LS on RAN2 agreements for mobility enhancement, RAN3, RAN2#97

[16] R3-162521, Way forward on WI Further Mobility enhancement in LTE, summary of issues and solutions, ZTE, RAN3#93bis

[17] R2-1900619, Report from [104#61][LTE/feMOB] Solution directions for minimizing user data interruption for UL/DL, Nokia, RAN2#105

[18] R2-1901089, User plane aspects of conditional handover, Ericsson, RAN2#105[image: image1.png]


[image: image2.png]



