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1      Introduction
During last meeting in RAN2 #93bis, both solution 1 and solution 2 have been discussed. After the discussion, RAN2 has sent an LS to RAN1,3 and 4 working groups for question regarding the feasibility of solution 1: RACH-less procedure on obtaining TA and power ramping and solution 2: simultaneously transmission and reception at the UE. In addition, RAN2 also started an email discussion for solution 2 so all options can be provided with limitation, UE protocol stack and benefit in the same format for further discussion and potential down selection. In this contribution, we provide more detail of different option 2 in the same format as in the email discussion and further evaluate a simpler option of combing solution 1 and 2.
2      Discussion

During last meeting RAN2#93bis, it has been agreed to use the 4 phases defined in [3] to compare different options. Below are the 4 phases with the interaction requirement of the legacy UE:

· Phase 1: from the UE sends the measurement report to source eNB to before the UE receives the handover command from source eNB.
· Phase 2: from the end of Phase 1 to the UE performing RACH procedure to target eNB.
· Phase 3: from the end of Phase 2 to the UE sends RRC Reconfiguration Complete message to target eNB.
· Phase 4: after RRC Reconfiguration Complete message onwards.
For interruption analysis, companies can use the table below for reference [2].

Table 1: Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5


Based on Intel contribution [4], there are 3 options (they are also listed in Figure 1):
Option 1:
The UE continues downlink and uplink with source eNB until the UE performs RACH to target eNB. This requires the UE perform downlink synchronization and tuning towards the target eNB (highlighted in red in Figure 1).   
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Figure 1: Signaling flow for handover option 1
The interruption time saving is 35ms (15ms (step 7) + 20ms (step 9.2)).

Limitation/ Requirement: Require simultaneous reception in phase II. 

This option can be applied to DC: Yes
Option 2:
Similar to option 1, however, the UE continues downlink and uplink with source eNB until the UE receives UL grant from target eNB. However, in this option, the source eNB has coordinated with target eNB and send a TDM pattern to the UE in which contains when the UE receive/transmit data to/from source eNB and when the UE should perform downlink synchronization and tuning towards the target eNB and when the UE should perform RACH and the RAR window. In this option, the UE does not require to have simultaneous access to both eNB at the same subframe. Highlighted in yellow in Figure 1 shows the changes from legacy procedure.
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Figure 2: Signaling flow for handover option 2
· Option2a: If the UE has simultaneous reception (source eNB: PDCCH/PDSCH and target eNB: PSS/SSS/CRS): 

· The interruption time saving is 35ms (15ms (step 7) + 20ms (step 9.2))

·  Limitation/ Requirement: Simultaneous reception is required

· Option2b: If the UE has no simultaneous reception: 
· The interruption time saving is 15ms (step 7) 
· Limitation/ Requirement: Since it is TDM, there is no simultaneous tx and rx requirement. Source eNB and target eNb will need to coordinate. 
This option can be applied to DC: Yes
Option 3:

In this option, the UE continues downlink and uplink with source eNB until the UE performs RACH to target eNB. This requires the UE performs downlink synchronization and tuning towards the target eNB same as option 1. In addition, the UE continue with source eNB in Phase III while performing RACH to target and monitor RAR window. This requires the UE be able to simultaneous transmit and receive to/from both eNBs which highlighted in red in Figure 1.
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Figure 3: Signaling flow for handover option 3
The interruption time saving is 43.5 ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10))

Limitation/ Requirement and drawbacks: 
· This option requires simultaneous tx and rx in phase II and III. 

· In this option, some security issue (source eNB key and target eNB key) will also need to be resolved.

· The UE will need to have two protocol stacks (one for source eNB and one for target eNB). Additional coordination will be needed between source PDCP and target PDCP layers.
This option can be applied to DC: Yes
Option 4:

This is an option where we combine solution 1 and solution 2. In this option, once the UE receives HO command in phase II, the UE continues downlink and uplink data with source eNB, the source eNB will indicate when the UE should perform downlink synchronization and tuning towards the target eNB (during this time, the source eNB does not transmit data to the UE). In phase III, the UE will not perform RACH but rather use the UL grant indicates from the source eNB within the HO command. The source eNB does not transmit data on these UL grants. Below shows an example of the UL grant schedule for the UE, when the UE is ready to send the RRC reconfiguration complete message, it can use the earliest UL grant shown in orange below. 
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Figure 4: Signaling flow for handover option 4
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Figure 5: example of a per-scheduled UL grant for option 4

· Option4a: If the UE has simultaneous reception (source eNB: PDCCH/PDSCH and target eNB: PSS/SSS/CRS): 

· The interruption time saving is 43.5ms minus the time for pre-scheduled UL grant (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) – time_for_pre-scheduled_UL_grant)
· Limitation/ Requirement: Simultaneous reception is required for phase II

· Option4b: If the UE has no simultaneous reception: 

· The interruption time saving is 23.5ms minus the time for pre-scheduled UL grant (15ms (step 7) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) – time_for_pre-scheduled_UL_grant)

·  Limitation/ Requirement: There is no simultaneous transmission or reception required in any phases since it used TDM like schedule between source eNB and target eNB.

This option can be applied to DC: Yes
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Figure 1: Comparison of different handover enhancements

Figure 1shows the comparison between 3 options of solution 2 and option 4 which combined RACH-less and solution 2. The red box indicates the requirement of the UE simultaneous transmission and reception. Yellow box indicates changes in procedure but does not require the UE simultaneous transmission and reception from/to two eNode Bs. The advantage of option 4 is not only feasible but simple procedure for the UE implementation.
Observation 1: Option 2 and 4 do not have the limitation requirement that the UE has to support simultaneously transmission and reception.

Observation 2: Option 4 has the least interruption time than option 2.

Proposal 1: RAN2 adopts option 4 as enhancement for handover to reduce interruption time if RACH-less is feasible. 
Proposal 2: RAN2 adopts option 2 as enhancement for handover to reduce interruption time if RACH-less is NOT feasible.
2.1     Data forwarding

In general, we think that data forwarding is independent of any of the solution. The earlier the data forwarding starts, the more data the target eNB has to buffer. Then when the UE send PDCP status report to the target after handover is completed, the target eNB can remove duplicate packets that the UE has already received. The later the forwarding happens there is a risk that the source eNB signal degrades and the UE has not received the packet and causes packet loss. Here are the different options:

· Option a: immediately after sending RRC connection Reconfiguration message to the UE

· Option b: the source eNB estimates when the UE has access to the target eNB

· Option c: at the next RACH occasion

· Option d: source eNB estimate when the UE receives RAR

Proposal 3: RAN2 to discuss which data forwarding option listed above to use for solution 2. 
3      Conclusion
During the email discussion, all options are categorized as follow: 
· Category A: No simultaneous Rx/Tx from another intra-frequency cell. Option 2b, Option 4b, Option 6(0)

· Category B: No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell. Option 1/2a/4a/Option 6(1)

· Category C: Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 6(2)

· Category D: Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 3/5/7/8/Option 6(3)

The complexity of each category is: A<B<C<D
Therefore, we propose to have simple and low complexity solution in Category A and B only.

Observation 1: Option 2 and 4 do not have the limitation requirement that the UE has to support simultaneously transmission and reception.

Observation 2: Option 4 has the least interruption time than option 2.

Proposal 1: RAN2 adopts option 4 as enhancement for handover to reduce interruption time if RACH-less is feasible. 

Proposal 2: RAN2 adopts option 2 as enhancement for handover to reduce interruption time if RACH-less is NOT feasible.
Proposal 3: RAN2 to discuss which data forwarding option listed above to use for solution 2. 
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