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1. Introduction 
In RAN2#105bis and RAN2#106 meeting, a lot of papers observed that a “Bye” (i.e., Uu HO Indication) message can help the source cell to stop transmission and start data forwarding exactly when needed in CHO [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]. Therefore, many companies proposed that RAN2 agrees to introduce the “Bye” message in CHO.

The benefits from the “Bye” message are much more than just exact data forwarding. The benefits from the “Bye” message are as below,
- Exact data forwarding;
- Better coexistence of CHO and conventional HO;
- Efficient resource reservation;
- Best mobility interruption time performance;
- Consistent data forwarding;
- Exact UL PUSCH switching;
- Improved reliability of RACH-less HO.
In this contribution, we discuss the benefits from the “Bye” message and the concern on the reliability of the “Bye” message in details. We distributed a draft version of this paper to provide more information on “Q2. Whether need “bye” message from UE to the source cell for CHO?” in [106#41][NR and LTE CHO] - CHO execution details [11].
2. Discussion

Exact data forwarding

In RAN2#105 meeting, with regard to data forwarding in the CHO, RAN2 agreed that 

Agreements

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).

However, “late” data forwarding (i.e., data forwarding that is initiated after the source eNB/gNB knows that the UE has successfully accessed a target eNB/gNB [12]) can lead to the increased interruption time in the target cell and cause the waste of radio resources in the source cell. On the contrary, “early” data forwarding (i.e., legacy LTE) can cause extremely large amount of data forwarding and the forwarded data can be discarded as useless in the CHO.
By the help of the “Bye” message, “on time” data forwarding can be performed [1]. The UE can send the “Bye” message to the source eNB/gNB just before the UE accesses the target cell. The “Bye” message can help the source cell to stop transmission and start data forwarding exactly when needed in CHO. Putting aside the reliability issue for now, it is uncontroversial that “on time” data forwarding triggered by the “Bye” message is the best solution to balance the interruption time and the amount of data forwarding.

Observation 1: “on time” data forwarding triggered by the “Bye” message is the best solution to balance the interruption time and the amount of data forwarding in CHO.

Better coexistence of CHO and conventional HO
In RAN2#105bis meeting, with regard to coexistence of CHO and conventional HO, RAN2 agreed that 

Agreements

2  Conventional handover command overrides any configured conditional handover command
=> FFS whether UE continues to receive source cell while executing CHO cmd. 

=> FFS what UE does if it receives HO cmd while executing CHO cmd. 

=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 

The source eNB/gNB can send a conventional HO command whenever it decides the HO. However, there are many problems if the source eNB/gNB sends a conventional HO command to the UE after starting the CHO execution [13]. If only CHO configured or CHO and MBB with no simultaneous reception configured, the UE cannot receive the conventional HO command while perfoming CHO execution, and therefore the UE performs CHO execution. If the source eNB/gNB interrupt the CHO and revert to the conventional HO, it can cause a complicated problem of recovery from path switch after the CHO execution. In addition, another HO after CHO execution can lead to the increased interruption time. On the contrary, if the source eNB/gNB doesn’t interrupt the CHO, it stops data forwarding to target of the conventional HO and starts data forwarding to target of the CHO. Therefore, it can cause some waste of X2/Xn resources, but it is not a big problem.

Before we go through a temporary measure, we need to discuss why the race condition could occur to find a fundamental solution. It is because the network cannot know the exact timing of the CHO execution. If the network can know the exact timing of the CHO execution by the help of the “Bye” message, the source eNB/gNB can send a conventional HO command only before the timing or stop an HO decision after the timing, therefore, there can be no race condition in most cases. There is a possible race condition where the source eNB/gNB sends a conventional HO between the UE sends the “Bye” message and the source eNB/gNB receives it. However, it is very rare case and the UE can continue CHO execution as stated above.
Observation 2: “Bye” message can prevent the race condition between CHO execution and conventional HO from occurring in most cases.

There is another race condition between CHO execution and deconfiguration. It is also because the network cannot know the exact timing of the CHO execution. If the network can know the exact timing of the CHO execution by the help of the “Bye” message, the source eNB/gNB can send a deconfiguration only before the CHO execution. In addition, after starting the CHO execution, if the source eNB/gNB receives a deconfiguration request from the target eNB/gNB, the source eNB/gNB can reject the request. There is a possible race condition where the source eNB/gNB sends a deconfiguration between the UE sends the “Bye” message and the source eNB/gNB receives it. However, it is very rare case and the UE can continue CHO execution without any problem assuming that the network side would not be deconfigured until it has confirmation that the UE side has been deconfigured as commented in RAN2#106.
Observation 3: “Bye” message can prevent the race condition between CHO execution and deconfiguration from occurring.

Efficient resource reservation
There is a concern that compared with conventional HO, in CHO, more than one candidate cells are configured to the UE and they need to reserve dedicated resources for the UE, e.g., dedicated preambles. However, finally only one target cell the UE will handover to, and therefore the dedicated resources that other candidate cells reserved for the UE is some kind of resource waste [13], [14], [15]. In CHO, to control the resources efficiently, the network can use a more relaxed reservation for the CHO UE at HO preparation phase and decide to reserve the resources strictly just before starting the CHO execution. If the network can know the exact timing of the CHO execution by the help of the “Bye” message, it can relieve the dedicated resource reservation in CHO candidate cells and the target eNB/gNB can reserve the resources strictly just before the CHO execution.
Observation 4: “Bye” message can help the target eNB/gNB can reserve the resources strictly just before the CHO execution.
Best mobility interruption time performance
In our companion paper, we analyze the interruption time for each data forwarding option (i.e., “early” as legacy, “late” by X2/Xn HO Indication (i.e., HANDOVER SUCCESS), and “on time” by Uu HO Indication (i.e., “Bye”)) [16]. In enhanced MBB HO with no simultaneous transmission/reception, “on time” data forwarding can provide the best interruption time in DL/UL PHY/PDCP level. In enhanced MBB HO with simultaneous transmission/reception, “on time” data forwarding can provide the best interruption time in DL PDCP level.
Observation 5: “on time” data forwarding triggered by the “Bye” message can provide the best interruption time performance in enhanced MBB HO.

Consistent data forwarding
In RAN2#105 meeting, with regard to data forwarding in the CHO, RAN2 agreed that 

Agreements

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).

In RAN2#105 meeting, with regard to data forwarding in the enhanced MBB HO, RAN2 agreed that 

Agreements

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

In enhanced MBB HO, it is obvious that to reduce the interruption time, the DL data should be available at the target eNB/gNB when the RA procedure to the target eNB/gNB is successfully completed [17], [18]. Therefore, “early” data forwarding might be considered when enhanced MBB HO is configured, and on the contrary, “late” data forwarding is considered when CHO is configured [19]. Then if both CHO and enhanced MBB are configured, whether the source eNB/gNB performs “early” or “late” data forwarding can be an issue and there is a trade-off between signaling costs and the interruption time [20]. If “early” data forwarding is performed, it sacrifices signaling costs (i.e., the amount of data forwarding) for the interruption time. Whereas if “late” data forwarding is performed, it sacrifices the interruption time to save signaling costs.

In contrast, by the help of the “Bye” message, “on time” data forwarding can be performed consistently regardless whether enhanced only CHO or MBB HO is configured, or both CHO and enhanced MBB are configured. Furthermore, it can solve the trade-off between signaling costs and the interruption time. As discussed above, “on time” data forwarding triggered by the “Bye” message is the best solution to balance the interruption time and the amount of data forwarding in CHO. And “on time” data forwarding triggered by the “Bye” message can provide the best interruption time performance in enhanced MBB HO.
Observation 6: “on time” data forwarding triggered by the “Bye” message can support the consistent data forwarding for enhanced MBB HO and CHO and solve the trade-off between signaling costs and the interruption time.

Exact UL PUSCH switching
In RAN2#106 meeting, RAN2 agreed that 

Agreements

2
Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 


3
There is a point in time where the UL PUSCH switches from source to target.

Some contributions proposed “late” UL data forwarding after UL PUSCH switching in enhanced MBB HO because “early” UL data forwarding adds X2/Xn latency to each single packet forwarded to the target eNB/gNB [20], [21], [22]. However, this “late” UL data forwarding can lead to the increased interruption time in PDCP level because UL PDCP duplication check can be done only after at least X2/Xn round-trip delay [16]. Furthermore, X2/Xn HO Indication is too late to notify the source eNB/gNB of UL PUSCH switching because the UE has already switched PUSCH before the transmission of HO complete.
The UE can send “Bye” message to the source eNB/gNB just before UL PUSCH switching. Therefore, the network can know the timing of the exact UL PUSCH switching. Moreover, by the help of the “Bye” message, “on time” data forwarding can be performed for UL also. The “Bye” message can help the source cell to start UL data forwarding exactly when needed. 

Observation 7: “Bye” message can be sent just before UL PUSCH switching and support exact UL PUSCH switching in the network.

Observation 8: “on time” data forwarding triggered by the “Bye” message can provide the best UL interruption time performance in enhanced MBB HO.

Improved reliability of RACH-less HO
As discussed in our companion paper [16], with regard to failure cases in RACH-less HO, the failure of UL grant can be the most serious problem because it leads to a large waste in resources. Since the target eNB does not know when the RRCConnectionReconfiguration message is successfully received by the UE (in the source cell), it does not know when the UE starts timer T304. Therefore, the target eNB does not know for how long the UE considers itself to have pre-allocated UL grants, and the target eNB therefore needs to keep UL grants reserved for an additional “guard time” [23].
By the help of the “Bye” message, the target eNB can know when the UE accesses it by receiving HO execution indication through the source eNB. Therefore, it can prevent the failure of UL grant and the waste of UL resources.
Observation 9: “Bye” message can prevent the failure of UL grant and the waste of UL resources in RACH-less HO.
The Concern on the Reliability

In [106#41][NR and LTE CHO] - CHO execution details [11], many companies (17 out of 25) have put “No” on “Q2. Whether need “bye” message from UE to the source cell for CHO?” with the concern on the reliability of the “Bye” message, but without consideration of the interruption time. Most of them agreed that the “Bye” message has some benefits in the data forwarding. However, some companies are concerned that the probability of reception failure of the “Bye” message is high. Some companies worried that the “Bye” message is likely to be lost due to poor radio conditions, with the same meaning but a different wording. On the contrary, a company argued that the probability of reception failure of the “Bye” message is not high. Table 1 gives typical verbal expressions versus equivalent quantified measures of risk [24]. Table 2 gives another example scale of evaluation of probability [25].  

Table 1. A Range of Risk Measures 
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Table 2. Example Scale for Evaluation of Probability 
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Probability

Highly unlikely (1% or less)

Very unlikely (1% - 24%)

Unlikely (25% - 49%)

Likely (50% - 74%)

Very likely (75% -94%)
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Highly likely (95% or more)





During Rel-9 SI on Evaluation and enhancements for LTE Mobility, 3GPP has discussed mobility performance of Rel-8, evaluating the handover procedure in 

•
typical urban scenarios,

•
Manhattan scenario,

•
High speed (250km/h) and very high speed (350 km/h) trains,

considering VoIP and web data traffic, different velocities and different load in the network. For the scenarios studied, it has been confirmed during the study item that the LTE handover procedures using the mechanisms specified in Release 8 are performing in line with the LTE requirements defined in ‎ TR 25.913 [26]. Furthermore, from a simulation result in a very high speed train scenario (i.e., 350 km/h), in about 6% of the cases RLF is triggered, for those cases it can be observed that the RLF recovery is successful in 99% of the cases [27]. In other words, we can say that the probability of reception failure of the MR message is very low or very unlikely (using the verbal expressions in Table 1 and 2) even in very challenging handover case because the probability is less than 6%.
Observation 10: the probability of reception failure of the Measurement Report message in the conventional handover is very low or very unlikely (e.g., less than 6% even in very challenging handover case).
In most cases, the CHO execution condition is similar to or even earlier than the event to trigger an MR in conventional HO. The UE sends the “Bye” message to the source cell when the CHO execution condition is met. Therefore, we can say that the probability of reception failure of the “Bye” message is very low or very unlikely even in very challenging handover case.

Observation 11: the probability of reception failure of the “Bye” message is very low or very unlikely because in most cases, the CHO execution condition is similar to or even earlier than the event to trigger an MR in conventional HO.
For most of the time the “Bye” message works well, but the reception failure of “Bye” message may happen. However, even if it is not transmitted successfully, there is no harm and no failure would happen, the network can stop scheduling and start data forwarding after receiving X2/Xn HO Indication (i.e., HANDOVER SUCCESS) message from the target eNB/gNB [3]. RAN3 has already agreed to the introduction of HANDOVER SUCCESS message as a baseline. In addition, even though the reception failure of the MR in conventional HO may happen, the network-controlled HO is performed primarily 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, “Bye” message can be used primarily and HANDOVER SUCCESS message can recover when the reception failure (it is not an HO failure) occurs, as a last resort for better performance (e.g, to decrease the interruption time).
Observation 12: for most of the time “Bye” message works well, and even if it is not transmitted successfully, there is no harm and no failure would happen, the source eNB/gNB can start data forwarding after receiving HANDOVER SUCCESS message from the target as a last resort.

3. Conclusion
Observation 1: “on time” data forwarding triggered by the “Bye” message is the best solution to balance the interruption time and the amount of data forwarding in CHO.

Observation 2: “Bye” message can prevent the race condition between CHO execution and conventional HO from occurring in most cases.

Observation 3: “Bye” message can prevent the race condition between CHO execution and deconfiguration from occurring.

Observation 4: “Bye” message can help the target eNB/gNB can reserve the resources strictly just before the CHO execution.
Observation 5: “on time” data forwarding triggered by the “Bye” message can provide the best interruption time performance in enhanced MBB HO.

Observation 6: “on time” data forwarding triggered by the “Bye” message can support the consistent data forwarding for enhanced MBB HO and CHO and solve the trade-off between signaling costs and the interruption time.

Observation 7: “Bye” message can be sent just before UL PUSCH switching and support exact UL PUSCH switching in the network.

Observation 8: “on time” data forwarding triggered by the “Bye” message can provide the best UL interruption time performance in enhanced MBB HO.

Observation 9: “Bye” message can prevent the failure of UL grant and the waste of UL resources in RACH-less HO.
Observation 10: the probability of reception failure of the Measurement Report message in the conventional handover is very low or very unlikely (e.g., less than 6% even in very challenging handover case).
Observation 11: the probability of reception failure of the “Bye” message is very low or very unlikely because in most cases, the CHO execution condition is similar to or even earlier than the event to trigger an MR in conventional HO.
Observation 12: for most of the time “Bye” message works well, and even if it is not transmitted successfully, there is no harm and no failure would happen, the source eNB/gNB can start data forwarding after receiving HANDOVER SUCCESS message from the target as a last resort.

Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is asked to consider the many benefits from the “Bye” message in LTE/NR mobility enhancements WI,
- to help exact data forwarding in CHO;
- to help better coexistence of CHO and conventional HO;
- to help efficient resource reservation in CHO candidate cells;
- to provide the best interruption time performance in enhanced MBB HO;
- to support the consistent data forwarding for enhanced MBB HO and CHO;
- to support exact UL PUSCH switching and provide the best UL interruption time performance;
- to improve the reliability in RACH-less HO.

Proposal 2: RAN2 is asked to progress on the “Bye” message in CHO,
- if the probability of reception failure of the “Bye” message is not low (i.e., higher than 25%), not introduce the “Bye” message despite the many benefits;
- otherwise, introduce the “Bye” message in CHO.
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