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Discussion and Decision
1. Introduction 
In RAN2#108 meeting, RAN2 has come to an agreement on PDCP status report for DAPS handover [1]:
Agreements

7
PDCP status report is triggered when UL switching occurs (from MAC to RRC to PDCP). Since PDCP has switched to target, it is transmitted to target only.

FFS whether PDCP status report is triggered when upper layer requests a PDCP reconfiguration with source protocol release.
· FFS whether PDCP status reporting for DAPS bearers is needed for UL or DL. (to support RLC UM during DAPS HO)

During an email discussion after the meeting, RAN2 has discussed two FFSs on PDCP status report for DAPS HO. However, there is no clear consensus and the rapporteur has proposed an online discussion as follows [2]:
Proposal 17.
Online discussion on whether second status report is needed when upper layer requests a PDCP reconfiguration with RLC entity release.
Proposal 18.
Online discussion on whether status report is needed for RLC UM.

In this contribution, we discuss when and whether PDCP status report is triggered during DAPS HO.
2. Discussion
The trade-off between redundancy and latency

In DAPS HO, PDCP status report is useful to prevent redundant transmissions in the target. However, there is a trade-off between redundancy and latency. The target should wait for PDCP status report to avoid redundant transmissions. If then, PDCP status report can cause delay to begin sending data to the UE in the target and it can negatively affect not only application layers as some companies commented in the email discussion but also interruption at radio level. However, redundant transmissions can also negatively affect application layers, but there is no harm to interruption at radio level.
Observation 1: In DAPS HO, PDCP status report is useful to prevent redundant transmissions, but there is a trade-off between redundancy and latency.
Figure 1 shows typical latency components during DAPS HO and the typical time for each step in TR 36.881 [3] is used. We consider three options: 

Option 1 (DAPS HO without PDCP status report): The source sends the first SN status transfer as soon as the transmission of the HO command is initiated. The target can begin sending data to the UE earlier in CFRA case, starting DL transmission before the HO complete is received, or after the HO complete is received in CBRA case. No intermediate SN status transfer is assumed.

Option 2 (DAPS HO with PDCP status report): The source sends the first SN status transfer as soon as the transmission of the HO command is initiated. The target can begin sending data to the UE after PDCP status report is received. It can be the same time in either case of CFRA or CBRA because the UE can transmit PDCP status report after receiving UL grant after sending the HO complete, assuming the size of UL grant in RAR can accommodate the HO complete and BSR and the size of UL grant after sending the HO complete can accommodate all the PDCP status reports even though the UE doesn't manage to transmit all the PDCP status reports in a single PUSCH transmission as a company observed. We assumed that PDCP status report is triggered when uplink data switching occurs upon Msg4 for either case of CFRA or CBRA because if PDCP status report is triggered upon Msg2 in CFRA case as current RAN2 agreement, it does not help the target to begin sending data earlier but increases the redundancy more. No intermediate SN status transfer is assumed.

Option 3 (DAPS HO with Bye and without PDCP status report): The source sends the first SN status transfer as soon as the transmission of the HO command is initiated. The target can begin sending data to the UE earlier in CFRA case, starting DL transmission before the HO complete is received, or after the HO complete is received in CBRA case. The UE informs the source of the HO execution (i.e., sending the “Bye”) just before the initial UL transmission in the target. The source can send an intermediate SN status transfer upon receiving the “Bye”.
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Figure 1. Typical latency components during DAPS handover
A goodput (i.e., G) is roughly calculated by adding data volume received from the source and the target during two times of 43.5 ms before and after UL data switching and subtracting data volume received from the target which is potential redundant transmissions. The data volume received from the source after the first data received from the target is excluded because most of the data are also transmitted in the target redundantly. Rsource means the data rate in the source and Rtarget means the data rate in the target. The part highlighted in yellow represents the redundancy and the part highlighted in green represents the latency. As expected, Option 2 (DAPS HO with PDCP status report) shows the best performance in the redundancy but the worst performance in the latency, confirming the trade-off between the redundancy and the latency. Therefore, we compare a roughly calculated goodput of three options to evaluate the optimality.
Option 1 (DAPS HO without PDCP status report)  

Option 1-1 (in CFRA case): 

G = 0.0435 * Rsource + 0.0435 * Rtarget – 0.0435 * Rsource = 0.0435 * Rtarget

Option 1-2 (in CBRA case): 

G = (0.0435 + 0.011) * Rsource + (0.0435 – 0.011)  * Rtarget – (0.0435 + 0.011) * Rsource = 0.0325 * Rtarget
Option 2 (DAPS HO with PDCP status report)  

Option 2-1 (in CFRA case): 

G = (0.0435 + 0.022) * Rsource + (0.0435 – 0.022) * Rtarget – 0.011 * Rsource = 0.0215 * Rtarget + 0.0545 * Rsource

Option 2-2 (in CBRA case): 

G = (0.0435 + 0.022) * Rsource + (0.0435 – 0.022) * Rtarget – 0.011 * Rsource = 0.0215 * Rtarget + 0.0545 * Rsource

Option 3 (DAPS HO with Bye and without PDCP status report): Typical X2 delay of 10 ms is assumed.
Option 3-1 (in CFRA case): 

G = (0.035 + 0.006 + 0.01 + 0.005) * Rsource + (0.0435 – (0.006 – 0.0035) – 0.01) * Rtarget – (0.006 + 0.01 + 0.005) * Rsource = 0.031 * Rtarget + 0.035 * Rsource

Option 3-2 (in CBRA case): 

G = (0.035 + 0.006 + 0.01 + 0.005) * Rsource + (0.0435 – (0.006 – 0.0035) – 0.01) * Rtarget – (0.006 + 0.01 + 0.005) * Rsource = 0.031 * Rtarget + 0.035 * Rsource
From the above results, if typical X2 delay of 10 ms is assumed, we can induce,
1: In CFRA case, if Rtarget ≥ 2.478 * Rsource, DAPS HO without PDCP status report outperforms with PDCP status report.

2: In CBRA case, if Rtarget ≥ 4.955 * Rsource, DAPS HO without PDCP status report outperforms with PDCP status report.

3: In CFRA case, if Rtarget ≥ 2.053 * Rsource, DAPS HO with Bye outperforms with PDCP status report.

4: In CBRA case, if Rtarget ≥ 2.053 * Rsource, DAPS HO with Bye outperforms with PDCP status report.

5: In CFRA case, if Rtarget ≤ 2.800 * Rsource, DAPS HO with Bye outperforms without PDCP status report.

6: In CBRA case, if Rtarget ≤ 23.333 * Rsource, DAPS HO with Bye outperforms without PDCP status report.
Option 3 (DAPS HO with Bye and without PDCP status report): If X2 delay is negligible.
Option 3-1 (in CFRA case): 

G = (0.035 + 0.006 + 0.005) * Rsource + (0.0435 – (0.006 – 0.0035)) * Rtarget – (0.006 + 0.005) * Rsource = 0.041 * Rtarget + 0.035 * Rsource

Option 3-2 (in CBRA case): 

G = (0.035 + 0.0085 + 0.006 + 0.005) * Rsource + (0.0435 – 0.011) * Rtarget – (0.0085 + 0.006 + 0.005) * Rsource = 0.0325 * Rtarget + 0.035 * Rsource

From the above results, assuming X2 delay is negligible, we can induce,

3a: In CFRA case, if Rtarget ≥ 1.000 * Rsource, DAPS HO with Bye outperforms with PDCP status report.

4a: In CBRA case, if Rtarget ≥ 1.773 * Rsource, DAPS HO with Bye outperforms with PDCP status report.

5a: In CFRA case, if Rtarget ≤ 14.000 * Rsource, DAPS HO with Bye outperforms without PDCP status report.

6a: In CBRA case, DAPS HO with Bye always outperforms without PDCP status report.
In our view, it is reasonable to assume that 2 * Rsource ≤ Rtarget ≤ 4 * Rsource, in most scenarios for DAPS HO where aggressive HO parameters will be used as many companies commented. Therefore, we can observe,

Observation 2: Based on our analysis, in CFRA case, DAPS HO without PDCP status report outperforms with PDCP status report in most cases, but in CBRA case, DAPS HO with PDCP status report outperforms without PDCP status report.
Observation 3: Based on our analysis, in both CFRA and CBRA cases, DAPS HO with Bye outperforms with PDCP status report and without PDCP status report, in almost cases.
Based on the above analysis, an intermediate SN status transfer triggered by “Bye” is a good compromise between the redundancy and the latency. Also, RAN3 agreed that the source may additionally send the EARLY FORWARDING TRANSFER message(s) to inform discarding of already forwarded PDCP SDUs [4]. Furthermore, from our analysis [5], with the help of the “Bye” message, we can get the best DL and UL interruption time in DAPS HO.
Observation 4: An intermediate SN status transfer triggered by “Bye” is a good compromise between the redundancy and the latency in DAPS HO.

Proposal 1: RAN2 is requested to introduce the “Bye” message in DAPS HO and consider that if the source link is still available, the UE sends the “Bye” message to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the “Bye” message to the source and performs the RA procedure towards the target is not defined.
Proposal 2: If the “Bye” is introduced, RAN2 is requested to send LS to RAN3 informing of this decision to take into account the decision in developing an intermediate SN STATUS TRANSFER.

Whether the second status report is needed
In the email discussion, RAN2 has discussed on 

Question 21
Shall the receiving PDCP entity trigger a PDCP status report when upper layer requests a PDCP reconfiguration with RLC entity release?
Some companies marked “Yes” by reason that a final PDCP status report is needed to be sent to the target to prevent retransmission redundancy and help to retransmit DL packets that are not successfully received at the source. However, some companies marked “No” by reason that since the duration between UL data switching and RLC entity release can be small, this can be an over-optimization. In our view, all comments are reasonable, but the latency issue is overlooked. In the latency point of view, PDCP status report triggered upon UL data switching can cause delay to begin sending data to the UE in the target and it can negatively affect application layers and interruption at radio level as discussed above. We think that the latency is the most important factor in this WI, but some companies might have different views. Therefore, we propose,   

Proposal 3: With regard to PDCP status report for RLC AM in DAPS HO, 
- if the latency is more important than the redundancy, PDCP status report for RLC AM is triggered only when upper layer requests a PDCP reconfiguration with RLC entity release;
- else, PDCP status report for RLC AM is triggered when upper layer requests an uplink data switching.

whether a status report is needed for RLC UM
In the email discussion, RAN2 has discussed on 

Question 22
Whether PDCP status reporting for DAPS bearers is needed for UL or DL for RLC UM?
Some companies marked “Yes” by reason that the PDCP status report could be useful in the target to avoid duplicated data transmission. However, some companies marked “No” by reason that RAN2 agreed on RLC UM during DAPS HO without optimizations to make it lossless or PDCP status report will cause a delay in sending new data. In our view, all comments are reasonable, but the latency issue is overlooked by most companies, again. In the latency point of view, PDCP status report triggered upon UL data switching can cause delay to begin sending data to the UE in the target and it can negatively affect application layers as a company commented. Besides, a company commented that an intermediate SN status transfer can help to avoid the redundant DL data transmission. As discussed above, by the introduction of the “Bye” message in DAPS HO, the source can send an intermediate SN status transfer upon receiving the “Bye”. Anyways, we think that the latency is the most important factor in this WI, but some companies might have different views. Therefore, we propose,   

Proposal 4: With regard to PDCP status report for RLC UM in DAPS HO, 
- if the latency is more important than the redundancy, RAN2 is requested not to consider PDCP status report for RLC UM;
- else, PDCP status report for RLC UM is triggered when upper layer requests an uplink data switching.

3. Conclusion
Observation 1: In DAPS HO, PDCP status report is useful to prevent redundant transmissions, but there is a trade-off between redundancy and latency.
Observation 2: Based on our analysis, in CFRA case, DAPS HO without PDCP status report outperforms with PDCP status report in most cases, but in CBRA case, DAPS HO with PDCP status report outperforms without PDCP status report.
Observation 3: Based on our analysis, in both CFRA and CBRA cases, DAPS HO with Bye outperforms with PDCP status report and without PDCP status report, in almost cases.

Observation 4: An intermediate SN status transfer triggered by “Bye” is a good compromise between the redundancy and the latency in DAPS HO.

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

Proposal 1: RAN2 is requested to introduce the “Bye” message in DAPS HO and consider that if the source link is still available, the UE sends the “Bye” message to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the “Bye” message to the source and performs the RA procedure towards the target is not defined.
Proposal 2: If the “Bye” is introduced, RAN2 is requested to send LS to RAN3 informing of this decision to take into account the decision in developing an intermediate SN STATUS TRANSFER.

Proposal 3: With regard to PDCP status report for RLC AM in DAPS HO, 
- if the latency is more important than the redundancy, PDCP status report for RLC AM is triggered only when upper layer requests a PDCP reconfiguration with RLC entity release;
- else, PDCP status report for RLC AM is triggered when upper layer requests an uplink data switching.

Proposal 4: With regard to PDCP status report for RLC UM in DAPS HO, 
- if the latency is more important than the redundancy, RAN2 is requested not to consider PDCP status report for RLC UM;
- else, PDCP status report for RLC UM is triggered when upper layer requests an uplink data switching.
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