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1. Introduction 
In RAN2#107 meeting, RAN2 agreed to not introduce “Bye” message from UE to the source cell for CHO [1], based on [106#41][NR and LTE CHO] - CHO execution details email discussion [2]. In the email discussion, 18 out of 26 companies have put “No” on “Q2. Whether need “bye” message from UE to the source cell for CHO?” without consideration of the interruption time. Excluding the interruption time from consideration, we also agree that “Bye” message is not a mandatory component in the CHO and can be an optimization.
In this contribution, we discuss on “Bye” message for DAPS handover. With the help of “Bye” message, we can get the best interruption time and support the exact UL data switching in DAPS HO. This is the revision of R2-1913797 to use the agreed feature name (i.e., “DAPS HO”) and reflect agreements in RAN2#107bis.
2. Discussion
UL Interruption Time and “Bye” Message

In [107#44][LTE and NR /feMOB] Discussion on PDCP details for DAPS HO email discussion [3], RAN2 discussed three options for UL data forwarding in DAPS HO as follows,
•
Option 1: The source eNB/gNB continues to send UL PDCP SDUs to the SGW (Serving Gateway)/UPF (User Plane Function) on the old S1-U/NG-U path until the “end marker” packet is received from the SGW/UPF;

•
Option 2: the source eNB/gNB starts forwarding UL PDCP SDUs to the target eNB/gNB for further transmission to the SGW/UPF on the new S1-U/NG-U path;

•
Option 3: the source eNB/gNB stops UL data scheduling for the UE and starts ‘SN status transfer’ when receives an indication from the target eNB/gNB. It sends the PDCP SDUs received in-sequence to the SGW/UPF through the old S1-U/NG-U path and forwards out-of-order PDCP SDUs to the target eNB/gNB.  Based on the ‘SN status transfer’ and PDCP SDUs forwarded from the source eNB/gNB, the target eNB/gNB sends PDCP status report and triggers UL PDCP retransmission.
In conclusion, out of 14 companies, 3 companies preferred ‘option 2 or option 3’, 3 companies preferred ‘option 2’, 7 companies preferred ‘option3 or modified option3’ and 1 company thought it’s up to network implementation. In summary, an LS to RAN3 is proposed as follows,

Proposal 20
Send LS to RAN3 with the above issues and options and ask them to provide feedback for DAPS HO with DAPS:

•
How the source eNB/gNB performs UL data forwarding;

•
How the source eNB/gNB delivers the SN and HFN information;

•
How to initialize the COUNT value between UE and target eNB/gNB;
However, this issue has a significant impact on the interruption time and RAN2 should consider and discuss on that perspective more to achieve much better interruption time performance. We proposed another option during email discussion as follows,

Option 4 (i.e., modified Option 3): the source eNB/gNB starts ‘SN status transfer’ when receives an indication from the UE. It sends the PDCP SDUs received in-sequence to the SGW/UPF through the old S1-U/NG-U path and forwards out-of-order PDCP SDUs to the target eNB/gNB.  Based on the ‘SN status transfer’ and PDCP SDUs forwarded from the source eNB/gNB, the target eNB/gNB sends PDCP status report and triggers UL PDCP retransmission.
As analyzed by a company and agreed by many companies in the email discussion, with option 2, the UL packets forwarded from the source node to the target will be delayed by half a X2/Xn round trip delay. but the UL packets sent from UE to the target can be forwarded to the SGW/UPF directly. With option 3, the first UL packets sent by the UE to the target node will be delayed by at least one Xn/X2 round trip delay as the target node needs to wait for the SN status transfer.
The analysis in the above is almost identical to our analysis in the big picture. In RAN2#107bis, RAN2 agreed that UE switches the UL PDCP data transmission upon successful RACH procedure [4]. Based on the analysis in our paper [5] with some update to reflect the above agreements, the UL interruption time in application or service level,  

with option 2, 
at least max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4), (Tx2+TDL) } + TUL, because the UL is interrupted from the start of data forwarding by the source to the first transmission of data by the target to the SGW/UPF;  

with option 3, 
at least TM3 + max{ TM4, (2XTx2+TDL) } + TUL;

with option 4, 
at least max{ (TM3+TM4), (Tx2+TDL) } + TUL.

Therefore, it can be said that with option 4, we can get the best UL interruption time in DAPS HO. In addition, option 2 shows the worst of the three with regard to the UL interruption time performance, assuming Tproc of 15 ms, Tinterrupt of 20 ms, and Tx2 of 10 ms, as the typical time.
Observation 1: With the help of “Bye” message, we can get the best UL interruption time in DAPS HO.
Observation 2: For UL, with legacy early data forwarding, the UL interruption time performance is the worst.

DL Interruption Time and “Bye” Message

For DL data forwarding, option 2 can be considered as early data forwarding, option 3 as late data forwarding, and option 4 as on-time data forwarding. As ananlyzed in our paper [5], in MBB HO with no simultaneous transmission/reception, the DL interruption time in PDCP level,

with option 2,
max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4+TSR+TDL), (Tx2+TDL) }; 

with option 3, 
TM1+TM2+TM3 + max{ (TM4+TSR), 2XTx2 } + TDL;

with option 4, 
max{ (TM1+TM2+TM3+TM4), (Tx2+TDL) }.

In DAPS HO (i.e., MBB HO with simultaneous transmission/reception), three options of data forwarding might be almost the same interruption time in DL PHY level by intuition. However, three options of data forwarding can be different interruption time in DL PDCP level. With option 2, the problem of duplicate transmissions from the target (i.e., the first packets received from the target are most probably the duplicates of the ones which have been successfully received from the source) is more severe. This can lead to increased interruption time in DL PDCP level. With option 3, DL data is not available when the UE arrives at the target cell. In general, the link from the target cell is much better than the link with the source cell at the HO execution time. Therefore, the late start of DL transmission from the target cell can increase the interruption time in DL PDCP level significantly. In other words, there is a trade-off between signaling costs and the interruption time. With option 4, we can solve the trade-off between signaling costs and the interruption time and provide the best DL interruption time in PDCP level.
Observation 3: With the help of “Bye” message, we can get the best DL interruption time in DAPS HO.
In [107#44][LTE and NR /feMOB] Discussion on PDCP details for DAPS HO email discussion [3], RAN2 discussed the potential ROHC failure issues. In conclusion, out of 14 companies, 7 companies said ‘Yes’ and 7 companies said ‘No’. There is no consensus on whether the potential ROHC failure issues in DL and UL are valid. However, majority of the companies (5 out of 7 companies) saying ‘Yes’ think the issue can be addressed by UE/network implementation and nothing need to be specified.
ROHC can handle several consecutive packet losses while maintaining the same compression efficiency [6], [7]. If the number of consecutive packet losses exceeds the limit of ROHC robustness, the decompressor moves to lower states. So the potential ROHC failure issues in DL when early data forwarding is applied can be severe due to the problem of many discards in the target. One solution for this issue is that the target just performs duplicate transmissions but this increases the interruption time in PDCP level. With option 4, the potential ROHC failure issues is negligible or trivial comparing with option 2. It is because option 4 is the best solution to balance the interruption time and the amount of data forwarding.
Observation 4: With the help of “Bye” message, we may resolve or mitigate the potential ROHC failure issues in DAPS HO.
PUSCH Switch and “Bye” Message

The UE can send “Bye” message to the source eNB/gNB just before PUSCH switching [8]. Therefore, the network can know the timing of the exact PUSCH switching. Moreover, by the help of the “Bye” message, “on time” data forwarding can be performed for DL as well as UL. The “Bye” message can help the source node to start DL and UL data forwarding exactly when needed. 
Observation 5: “Bye” message can be sent just before PUSCH switching and support exact UL PUSCH switching in the network.

For DAPS HO, we see no reason why not to support the “Bye” message, given that RAN2 agreed [4] that 

-
When the DAPS handover fails, the UE report the DAPS handover failure via the source link without triggering RRC connection re-establishment if the source link is still available (i.e. RLF is not declared);

-
 the UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB. 
In addition, we have the same view as a company commented in [107#29][NR/Mob-enh] CP for DAPS email discussion [9] that “for eMBB to work efficiently, the NWs may need to be more aggressive in triggering handovers earlier than legacy ones”. Therefore, when the UE sends the “Bye” message to the source, the source link can be good enough for the source to receive it successfully.

Observation 6: There is no reason why not to support the “Bye” message for DAPS HO, given that RAN2 agreed that if the source link is still available, the UE keeps the UL HARQ (re)transmission of the source link during DAPS HO.
3. Conclusion
Observation 1: With the help of “Bye” message, we can get the best UL interruption time in DAPS HO.
Observation 2: For UL, with legacy early data forwarding, the UL interruption time performance is the worst.

Observation 3: With the help of “Bye” message, we can get the best DL interruption time in DAPS HO.
Observation 4: With the help of “Bye” message, we may resolve or mitigate the potential ROHC failure issues in DAPS HO.
Observation 5: “Bye” message can be sent just before PUSCH switching and support exact UL PUSCH switching in the network.

Observation 6: There is no reason why not to support the “Bye” message for DAPS HO, given that RAN2 agreed that if the source link is still available, the UE keeps the UL HARQ (re)transmission of the source link during 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 “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.
In our companion paper [10], we discuss these options in detail. 
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