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1
Introduction
In RAN4#80bis meeting in Ljubljana RAN4 agreed a Way Forward on Enhanced mobility Requirements in [6]. In the WF RAN4 agreed to introduce new handover delay requirements for intra-frequency and inter-frequency RACH-less, make-before-break and the combined RACH-less make-before-break solutions. Inter-f support for make-before-break is FFS in RAN2. Additionally RAN2 sent LS to RAN3 (CC’ed RAN1 and RAN4) in [8]. In this paper, we discuss the final details of the RACH-less solution, ‘make-before-break’ solution and the combined solution. 
2
Discussion
In RAN2#95 following was already agreed and gives the baseline for the RAN4 work as also discussed in last RAN4 meeting: 
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According to the discussion in RAN4#80bis meeting, following agreements were made:

	· Introduce new intra-frequency and inter-frequency handover delay requirements for RACH-less solution
· Introduce new intra-frequency handover delay requirements for make-before-break solution
· FFS inter-frequency  per RAN2 conclusion
· Introduce new intra-frequency handover delay requirements for combination of RACH-less and make-before-break solution
· FFS inter-frequency  per RAN2 conclusion
· Introduce initial transmission timing error requirements for RACH-less solution.



Additionally RAN2 made some further agreements in RAN2#95bis [8] for RACH-less handover:
Agreements:

1
The UE should release the UL grant indicated by RRC when T304 stops. The trigger condition to stop T304 should be identified via email discussion.

2
Agree to the existing scheduling intervals in the running CR.

=>
UL grant can be provided by RRC signalling. If UE doesn’t get the UL grant from RRC signalling from source eNB, UE should monitor the PDCCH of target eNB for getting UL grant.

=>
In the running CR discussion, to figure out the condition for UL grant starting offset and scheduling interval such that the grant occasions across all frames shall be same.

=>
If the initial PUSCH power offset is not sufficient, may consider to introduce TPC in RRC UL grant similar to RACH Response UL grant. Whether initial PUSCH power offset is sufficient can be discussed in email discussion.
What remains to be discussed and decided in RAN4 are the detailed interrupt delays in [6] as well as the initial transmission timing error requirements for RACH-less solution.
2.2 Discussion related to handover interruption time 
Next, we look at the agreements made in RAN2, as included in the LS [5] and the agreed WF [6], in order to analyse the UE requirements impacts. The agreements made in RAN2 effectively introduce three new procedures:

1. RACH-less handover

2. Make-before-break handover

3. RACH-less Make-before-break handover

In the following we assume that network will use this procedure only when target cell is known and therefore Tsearch will be 0ms.

2.1.1 RACH-less Handover
RAN2 has decided that RACH-less solution only applies in the synchronous deployment. Only solutions where the TA value of the source cell is reused for the targeted cell, or where the TA=0 is used in target cell, will be further considered. 
In general, the RACH-less approach removes the need for RACH procedure in the target cell. Otherwise, the handover procedure is unchanged – i.e. once the UE receives the handover command it will change to the target cell. The removal of the RACH procedure affects the expected UE handover interruption time as currently defined in section 5.
Currently the TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell and can be up to 30 ms. In RACH-less handover it can be expected that the uncertainty time will be shorter.

Observation 1: In RACH-less handover the handover interruption time will be shorter as TIU uncertainty is shorter.
In the WF [6] RAN4 agreed following regarding RACH-less handover:

Tinterrupt = Tsearch + TIU + 20 ms

1. Option 1: TIU = 0 ms

2. Option 2: 

· TIU = [10] ms if UL grant is included in RRC message

· FFS TIU if  UL grant is not included in RRC message 

3. Other options are not precluded
RAN2 has decided that the subframe allocation and uplink grant format can be configured by RRC message, and if the subframe allocation and uplink grant format is configured, the starting subframe of the configured uplink grant is provided by the target eNB in RRC message.
The UL grant includes the starting sub-frame (SF) and scheduling interval. The scheduling interval can have values (TBC) 1,2, 5 or 10 SFs. The worst case delay on the side UE for waiting for the indicated subframe depends on the configured interval and can be up to 10ms. 
Observation 2: For RACH-less handover with UL grant configured TIU depends on the configured scheduling interval (1,2,5 or 10SF) and can be up to 10ms.

If the UE does not receive UL grant in RRC message, it will monitor PDCCH of the target eNB for UL grant. This is also now agreed in RAN2.

Observation 3: If UE receives subframe allocation without UL grant UE need to monitor PDCCH of target eNB for getting UL grant.
If the UE is monitoring the DL of the target cell, it can be assumed that overall interruption time would be the scheduling period – i.e. 1,2,5 or 10ms.
Finally regarding the RACH-less handover solution RAN2 decided that the RACH-less solution can be used for SCG change and handover scenarios. Change of PsCell is thus possible using RACH-less solution. Additionally RACH-less solution can be applied for both intra-frequency and inter-frequency handovers.

Observation 5: UE requirements for RACH-less solution are applicable for intra-frequency and inter-frequency handovers.
Based on the analysis we propose to update the UE intra-frequency and inter-frequency handover requirements to reflect the expected reduction in the handover interruption time in the total handover delay.
Proposal 1: update the UE intra-frequency and inter-frequency handover requirements to reflect the reduced handover interruption time to TIU=1,2,5 or 10ms for RACH-less handover depending on the configured scheduling interval.

Proposal 2: update the UE intra-frequency and inter-frequency handover requirements to reflect the reduced handover interruption time to TIU=1,2,5 or 10ms for RACH-less handover depending on the configured scheduling interval.
2.1.2 Make-Before-Break Handover
With regard to the make-before-break handover solution RAN2 has decided that the “make before break handover solution” means that the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PRACH to the target eNB.
Different from current handover and RACH-less solution, the UE will continue the UL/DL transmission/reception in the source cell after the HO command. Connection to the source cell can continue until the UE sends the ‘first transmission through PRACH to the target eNB’. 
As the connection to source cell is maintained until the 1st transmission to the target cell, the interruption uncertainty time, TIU, would be reduced. I.e. at the point of transmission in UL on the allocation in the target cell, the UE will break the connection on the source cell.
Observation 6: For Make-before-break handover the interruption uncertainty TIU=[1]ms.

Proposal 3: Update the UE intra-frequency handover requirements to reflect the handover interruption uncertainty time TIU to [1]ms for Make-Before-Break handover.
2.1.3 RACH-less Make-before-break handover 
RAN2 also decided that RACH-less solution and "maintaining a connection to the source eNB" are two independent mechanisms, activation of which is up to the network decision. Additionally, the two solutions can be activated simultaneously.
The combined solution of RACH-less Handover and Make-Before-Break basically means that the UE continues downlink and uplink with the source cell until the UE performs the first UL transmission through PUSCH to the target eNB.

If there is no UL grant in the HO command, the UE will start monitoring the PDCCH of the target cell for UL allocations while the UE continues downlink and uplink with the source cell. If the HO command included UL grant, the source cell connection is dropped when the 1st UL transmission occurs on the allocated PUSCH.
When no UL grant in the HO command, the UE monitors the PDCCH of the target cell for UE UL grant while maintaining connection to the source cell, Hence, the interruption of the data transmission can be in theory be down to TIU = 0ms. 
As the UE is decoding DL on the target cell, we also expect that no additional 20ms delay would be needed in Tinterrupt. I.e. for the combined RACH-less make-before-break handover the total handover interruption time can in theory be down to Tinterrupt=[0]ms

Observation 7: For RACH-less Make-Before-Break handover TIU can be as low as [0]ms.
Observation 8: For RACH-less Make-Before-Break handover UE is decoding DL in the target while maintaining the connection to the source cell and no additional 20ms delay is needed.

Observation 9: For RACH-less Make-Before-Break handover the minimum of the total handover interruption time Tinterrupt=[0]ms

As make-before-break support in inter-frequency scenario is still FFS in RAN2 we propose following:
Proposal 4: update the UE intra-frequency handover requirements to reflect the minimum of the total handover interruption time Tinterrupt=[0]ms for RACH-Less Make-Before-Break handover
2.3 Discussion related to initial timing error
UE transmit timing requirements should stay unchanged independently of the used handover. I.e. the UE will need to fulfil the existing UE transmit timing requirements as stated in section 7. Looking at the proposals given in section 2.2, proposals 1, 2 and 3 only discuss reducing the interruption uncertainty time, TIU, of the interruption time Tinterrupt.
The Tinterrupt includes, in addition to the TIU, also search time and an additional 20ms delay:

Tinterrupt = Tsearch + TIU + 20 ms
When discussing the initial transmit timing requirements for the UE we have following different cases:

1. For both RACH-less solution with UL grant configured and the make-before-break solution the UE will switch to target cell in a timely manner to ensure UL transmission is possible at the indicated allocation. For this case, the UE will need some additional time to do fine synchronization to the DL signal and ensure UL transmit timing accuracy. 

2. In RACH-less HO without UL grant the UE will monitor the target cell prior to UL transmission. Prior to being able to monitor the target cell the UE will need time for fine synchronization and channel estimation in order to enable decoding of the DL in the target cell.
3. Similarly to case 2, in the combined RACH-less and Make-Before-Break HO without UL grant the UE monitoring the target cell prior to UL transmission. Prior to being able to monitor the DL of the target cell the UE will need time to fine tuning and perform channel estimation in the target cell.

When discussing initial UE transmit timing accuracy we need to discuss about the time it would take for the UE to perform the DL synchronisation. RAN4 would need to discuss and decide on a feasible time requirements allowing the UE time to do target cell fine-tuning and channel estimation. Looking at CA activation requirement and the interrupts requirements for ‘Interruptions at SCell addition/release for inter-band CA for intra-band’ one would assume that similar delay can be expected also for these discussed handover solutions. The requirements for the UE when an intra-band SCell is activated or deactivated is an allowed interruption of up to 5 subframes. As the cell in these situations can be expected to be known and it can also be assumed that the receiver in UE side is already active – the additional delay needed on UE side would be very similar as the delay for known intra-band SCell activation. Based on this we propose to re-use and add a 5ms fixed time delay for all discussed handover solutions. This delay will substitute the existing 20ms delay.
Proposal 5: A 5ms delay is included in Tinterrupt to allow fine tuning and channel estimation
This would lead to following equation for Tinterrupt:

Tinterrupt = Tsearch + TIU + 5 ms
In [x] we have provided a CR capturing the proposal.
3
Conclusion
In this paper, we discuss the RACH-less solution and ‘make-before-break’ solutions in latest LS [5]. 

On the further discussions related to new LS from RAN2 we observe:
Observation 1: In RACH-less handover the handover interruption time will be shorter as TIU uncertainty is shorter.

Observation 2: For RACH-less handover with UL grant configured TIU depends on the configured scheduling interval (1,2,5 or 10SF) and can be up to 10ms.

Observation 3: If UE receives subframe allocation without UL grant UE need to monitor PDCCH of target eNB for getting UL grant.

Observation 5: UE requirements for RACH-less solution are applicable for intra-frequency and inter-frequency handovers.

And propose following regarding the RACH-Less handover:

Proposal 1: update the UE intra-frequency and inter-frequency handover requirements to reflect the reduced handover interruption time to TIU=1,2,5 or 10ms for RACH-less handover depending on the configured scheduling interval.

Proposal 2: update the UE intra-frequency and inter-frequency handover requirements to reflect the reduced handover interruption time to TIU=1,2,5 or 10ms for RACH-less handover depending on the configured scheduling interval.

On the Make-Before-Break topic we observe and propose:

Observation 6: For Make-before-break handover the interruption uncertainty TIU=[1]ms.

Proposal 3: Update the UE intra-frequency handover requirements to reflect the handover interruption uncertainty time TIU to [1]ms for Make-Before-Break handover.

Finally regarding the combined RACH-Less Make-Before-Break we observe and propose:

Observation 7: For RACH-less Make-Before-Break handover TIU can be as low as [0]ms.

Observation 8: For RACH-less Make-Before-Break handover UE is decoding DL in the target while maintaining the connection to the source cell and no additional 20ms delay is needed.

Observation 9: For RACH-less Make-Before-Break handover the minimum of the total handover interruption time Tinterrupt=[0]ms

Proposal 4: update the UE intra-frequency handover requirements to reflect the minimum of the total handover interruption time Tinterrupt=[0]ms for RACH-Less Make-Before-Break handover

Related to the discussion on initial timing error we propose:

Proposal 5: A 5ms delay is included in Tinterrupt to allow fine tuning and channel estimation
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Regarding the RACH-less solution:


The asynchronous RACH-less solution is excluded.


Only the RACH-less solution that the TA value of the source cell is reused for the targeted cell, or TA=0 will be further considered.


The subframe allocation and uplink grant format can be configured by RRC message.


 If the subframe allocation and uplink grant format is configured, the starting subframe of the configured uplink grant is provided by the target eNB in RRC message.


 If UE doesn’t receive UL grant in RRC message, it will monitor PDCCH of the target eNB for UL grant. UE doesn’t need to know the SFN of the target eNB.


RACH-less solution can be used for SCG change and handover scenarios.





Regarding the make-before-break solution:


The “make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.


The solution is applicable for intra frequency handover and SCG change. Inter frequency case is FFS.


Consider RACH-less solution and "maintaining a connection to the source eNB" as two independent mechanisms, activation of which is up to the network decision. Two solutions can be activated simultaneously.








