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1. Introduction 
In RAN2#105 meeting, the following agreements on the “non-split bearer” solution with regard to data forwarding were achieved [1]:
Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

(skipped)

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 

(skipped)

=>FFS whether there is single active protocol stack or two simultaneously active protocol stacks 

=>FFS how to detach from the source cell (seen from the NW’s side and UE’s side)

=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)

In addition, the following agreements on the baseline of the CHO with regard to data forwarding were achieved [1]:
Agreements

(skipped)

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 this contribution, we discuss on data forwarding options and interruption time in Rel-16 enhanced mobility solutions including enhanced Make-Before-Break (eMBB), conditional handover (CHO), and RACH-less HO. This is the revision of R2-1903911 to include the interruption time analysis.

2. Discussion
2.1. Data Forwarding in Enhanced MBB Handover

In [104#61][LTE/feMOB] Solution directions for minimizing user data interruption for UL/DL email discussion [2], following options to initiate data forwarding in eMBB HO are observed:

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 2: after receiving an explicit indication from the UE
Option 3: after receiving an explicit indication from the target eNB

Option 4: when the source eNB decides to stop exchanging data with the UE, and the timing is determined by implementation (as in Rel-14 MBB). 

The timing of each data forwarding option can be found in Figure 1 in [3]. In addition, there are some considerations with regard to data forwarding:

- We need to minimize the interruption time with consideration of X2 latency;

- We need to avoid large amount of data forwarding;

- We need to avoid duplicate data transmission in the target node.

In the email discussion, many companies prefer an explicit way (i.e., Option 0/1/2/3) to initiate data forwarding than an implicit way (i.e., Option 4). In Option 4, if the UE can support simultaneous transmission/reception, the source eNB’s decision is very unclear. If the UE stops UL transmission to the source eNB to access the target cell (e.g., 1 Rx/1 Tx or 2 Rx/1 Tx MBB), the source eNB may decide the timing. However, “early” decision can be a “false” decision where the UE does not perform an HO execution yet and if the source eNB stops DL transmission to the UE, it can lead to the increased interruption time in the source cell. On the contrary, “late” decision to avoid a “false” decision can also 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.

Observation 1: in an implicit way, Option 4 (i.e, the source decides when to initiate data forwarding as in Rel-14 MBB) is not accurate and can lead to the increased interruption time.
Proposal 1: RAN2 is requested to do not consider an implicit way (i.e., the source eNB’s decision) to initiate data forwarding for Rel-16 mobility enhancements.

In Option 0 and 1, “early” data forwarding can cause large amount of data forwarding and if the source eNB stops DL transmission to the UE, it can lead to the increased interruption time in the source cell. Furthermore, in the CHO, this can be “very early” data forwarding and the problem can be more severe as discussed later.

Observation 2: “early” data forwarding (i.e., legacy LTE) can cause large amount of data forwarding and lead to the increased interruption time in the source cell.
In Option 3, “late” data forwarding 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. Also, it can cause the waste of radio resources in the source cell if the UE already detached from the source cell. Moreover, in Further mobility enhancements in LTE WI, 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 [4].

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 eNB just before the UE accesses the target cell. As observed by some companies in the email discussion, 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 might 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 and triggers the handover execution procedure by sending a Uu HO execution indication message to the source eNB by using Option 2. If the target eNB has received RRCConnectionReconfigurationComplete message from the UE, but has not received an HO execution indication or any forwared data from the source eNB yet, the target eNB sends an X2 HO execution indication message to notify the source eNB 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 2: 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 enhanced MBB HO.

Furthermore, with Option 2, the UE may report the latest beam measurements to the target gNB via Uu HO execution indication through the source gNB for a faster beam alignment procedure [5]. In another optimization, the UE may report PDCP Status Report to the target eNB via Uu HO execution indication through the source eNB to avoid duplicate data transmission in the target cell earlier [6].
2.2. Data Forwarding Options and Interruption Time
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Figure 1. Data Forwarding Options and Interruption Time

MBB with no simultaneous transmission/reception + “early” data forwarding
<assumption> 

#1: as soon as the transmission of the handover command is initiated in the downlink, the source stops DL data transmission to the UE and UL scheduling for the UE.

#2: the target can begin sending data to the UE after receiving the handover complete in CBRA case or dedicated preamble in CFRA case.

#3: the UL grant in RAR is not enough to accommodate UL data or PDCP status report.

#4: the interruption in PDCP level can be assumed to be the interruption in PHY level plus PDCP status report from receiver side and non-duplicate data reception at receiver side.

DL PHY

CBRA: max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4), (Tx2+TDL) }

CFRA: max{ (Tbreak+Tproc+Tinterrupt+ TM1+TM2), (Tx2+TDL) }

DL PDCP
CBRA: max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4+TSR+TDL), (Tx2+TDL) }

CFRA: max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4+TSR+TDL), (Tx2+TDL) }

UL PHY

CBRA: (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4+TUL)

CFRA: (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4+TUL)

UL PDCP
CBRA: max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4), (Tx2+TDL) } + TUL
CFRA: max{ (Tbreak+Tproc+Tinterrupt+TM1+TM2+TM3+TM4), (Tx2+TDL) } + TUL
MBB with no simultaneous transmission/reception + X2 HO Ind

<assumption> 

#5: as soon as the reception of X2 HO Indication, the source stops DL data transmission to the UE and UL scheduling for the UE.

#6: the target can send X2 HO Ind to the source after receiving the handover complete in CBRA case or dedicated preamble in CFRA case.

DL PHY

CBRA: TM1+TM2+TM3 + max{ TM4, (2XTx2+TDL) }

CFRA: TM1 + max{ TM2, (2XTx2+TDL) }

DL PDCP
CBRA: TM1+TM2+TM3 + max{ (TM4+TSR), 2XTx2 } + TDL
CFRA: TM1 + max{ (TM2+TM3+TM4+TSR), 2XTx2 } + TDL
UL PHY

CBRA: (TM1+TM2+TM3+TM4+TUL)

CFRA: (TM1+TM2+TM3+TM4+TUL)

UL PDCP
CBRA: TM1+TM2+TM3 + max{ TM4, (2XTx2+TDL) } + TUL
CFRA: TM1 + max{ (TM2+TM3+TM4), (2XTx2+TDL) } + TUL
MBB with no simultaneous transmission/reception + Uu HO Ind

<assumption>  

#7: as soon as the reception of Uu HO Indication, the source stops DL data transmission to the UE and UL scheduling for the UE.

#8: UL PDCP status report can be multiplexed with Uu HO Ind.

DL PHY

CBRA: max{ (TM1+TM2+TM3+TM4), (Tx2+TDL) }

CFRA: max{ (TM1+TM2), (Tx2+TDL) }

DL PDCP
CBRA: max{ (TM1+TM2+TM3+TM4), (Tx2+TDL) }

CFRA: max{ (TM1+TM2), (Tx2+TDL) }

UL PHY

CBRA: (TM1+TM2+TM3+TM4+TUL)

CFRA: (TM1+TM2+TM3+TM4+TUL)

UL PDCP
CBRA: max{ (TM1+TM2+TM3+TM4), (Tx2+TDL) } + TUL
CFRA: max{ (TM1+TM2+TM3+TM4), (Tx2+TDL) } + TUL
Observation 5: In MBB HO with no simultaneous transmission/reception, “on time” data forwarding (i.e., an explicit indication from the UE) can provide the best interruption time in DL/UL PHY/PDCP level.

Proposal 3: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as baseline in MBB HO with no simultaneous transmission/reception.

MBB with simultaneous transmission/reception
<assumption> 

#8: the source can continue DL data transmission to the UE while perform data forwarding to the target.

In MBB HO with simultaneous transmission/reception, three options of data forwarding (i.e., “early” data forwarding, X2 HO Indication, and Uu HO Indication) might be almost the same interruption time in DL/UL PHY level by intuition. However, three options of data forwarding can be different interruption time in DL PDCP level. With “early” data forwarding, 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 X2 HO Indication, 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.
Observation 6: In MBB HO with simultaneous transmission/reception, “on time” data forwarding (i.e., an explicit indication from the UE) can provide the best interruption time in DL PDCP level.

Proposal 4: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as baseline in MBB HO with simultaneous transmission/reception.

2.3. Data Forwarding in Conditional Handover

There are two considerations in the data forwarding in the CHO. First, in the CHO, the time between the HO preparation and the HO execution can be usually quite long (, but may not sometimes and it depends on the condition). Second, multiple target cells can be configured to add more reliability. Therefore, “early” data forwarding (i.e., Option 0/1) can cause extremely large amount of data forwarding and the forwarded data can be discarded as useless if an HO execution condition is not met eventually. By this reasoning, in RAN2#105 meeting, the follow agreement was achieved: “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.” Furthermore, the CHO can be easily combined with MBB HO as discussed in [7]. Therefore, for the sake of consistency, Option 2 can be used as a first resort and Option 3 can recover as a last resort in the CHO as in eMBB. In our companion paper [7], we discuss data forwarding and service interruption in CHO in detail.

Observation 7: “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.
Proposal 5: 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.

2.4. Robustness in RACH-less Handover

In RAN2#104, some contributions pointed out failure cases in RACH-less HO. Most of all, the failure of UL grant can be the most serious problem because it leads to a large waste in resources [8], [9]. From [9], 
“In case of dynamic scheduling of the UL grants, there is also a risk that the UE only enters the cell when UL grants are no longer scheduled to it. When the UE is provided pre-allocated UL grants through the RRCConnectionReconfiguration message, these UL resources cannot be used for any other UE. There may then be even up to hundreds of UL grants that are wasted in case of a RACH-less HO failure, depending on the interval of UL grants and the setting of T304. 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. The target eNB does therefore 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”.”

Option 2 is also helpful to an efficient and reliable RACH-less HO procedure. With Option 2, 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 8: In RACH-less HO, the failure of UL grant or the waste of UL grants are inevitable because the target eNB does not know the HO execution timing.
Proposal 6: RAN2 is requested to consider Option 2 (i.e., an explicit indication from the UE) to improve the reliability of RACH-less HO.

2.5. Comparison Table

The comparison table is in below.
	
	Option 0
	Option 1
	Option 2
	Option 3
	Option 4

	Interruption time
	(
	(
	(
	(
	(

	Reliability
	(
	(
	(
	(
	(

	Resource waste
	(
	(
	(
	(
	(

	HO timing synchronization
	(
	(
	(
	(
	(

	CHO
	(
	(
	(
	(
	(

	RACH-less HO
	(
	(
	(
	(
	(


3. Conclusion
Observation 1: in an implicit way, Option 4 (i.e, the source decides when to initiate data forwarding as in Rel-14 MBB) is not accurate and can lead to the increased interruption time.
Observation 2: “early” data forwarding (i.e., legacy LTE) can cause large amount of data forwarding and lead to the increased interruption time in the source cell.
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: In MBB HO with no simultaneous transmission/reception, “on time” data forwarding (i.e., an explicit indication from the UE) can provide the best interruption time in DL/UL PHY/PDCP level.

Observation 6: In MBB HO with simultaneous transmission/reception, “on time” data forwarding (i.e., an explicit indication from the UE) can provide the best interruption time in DL PDCP level.

Observation 7: “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.
Observation 8: In RACH-less HO, the failure of UL grant or the waste of UL grants are inevitable because the target eNB does not know the HO execution timing.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to do not consider an implicit way (i.e., the source eNB’s decision) to initiate data forwarding for Rel-16 mobility enhancements.

Proposal 2: 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 enhanced MBB HO.

Proposal 3: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as baseline in MBB HO with no simultaneous transmission/reception.

Proposal 4: RAN2 is requested to consider “on time” data forwarding (i.e., an explicit indication from the UE) as baseline in MBB HO with simultaneous transmission/reception.

Proposal 5: 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 6: RAN2 is requested to consider Option 2 (i.e., an explicit indication from the UE) to improve the reliability of RACH-less HO.
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