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1
Introduction
In RAN4#80 meeting in Göteborg RAN4 received an LS from RAN2 in [5] which was a follow up LS from [1]. The LS [1] was updated in another LS from RAN2 in [2] and the questions 4 and 5 from the original LS were no longer to be considered. In this paper, we discuss the RACH-less solution and ‘make-before-break’ solutions in latest LS [5] and the remaining question 2 in the original LS [1]. 
2
Discussion
According to the discussion in the RAN2#95 meeting, RAN2 made the following agreements:

	Regarding the RACH-less solution:

1. The asynchronous RACH-less solution is excluded.

2. 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.

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

4.  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.

5.  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.

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

Regarding the make-before-break solution:

1. 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.

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

3. 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.




The remaining questions in the LS to be discussed in RAN4 are:

Questions related to the RACH-less solution(s):

· Q2: Assuming the TA value can be calculated accurately, would starting PUCCH/PUSCH/SRS transmission directly (i.e. without power ramping step) be feasible? (RAN1/RAN4)

2.1 Discussion related to question 2

· Q2: Assuming the TA value can be calculated accurately, would starting PUCCH/PUSCH/SRS transmission directly (i.e. without power ramping step) be feasible? (RAN1/RAN4)

Currently PRACH based power ramping is not always used before PUCCH/PUSCH/SRS transmission. E.g. in case of UL CA without multiple TA, when new UL SCell is configured for the UE, PUSCH/PUCCH/SRS transmissions in that cell start directly without power ramping step. 
The first PUSCH/PUCCH/SRS in the target cell can be configured to use power control parameters and pathloss of the target cell. Low MCS can be used in the first transmissions to the target cell. If the first transmission from the UE is not received at the target cell, eNB can request UE to increase TX power when scheduling retransmissions.
Considering the restrictions for RACH-less operation agreed by RAN2, i.e. limitation to cases where TA is unchanged or equal to zero, it can be concluded that the power ramping is not going to be critical. In the former case (TA remains but can be non-zero), the network can limit the RACH-less operation to HOs between cells of a single eNB (e.g. between sectors) where the path loss can be assumed to of the same order. The latter case (TA=0) refers to small cell scenario where the used transmission powers are low.

Observation 1: It is feasible to start PUCCH/PUSCH/SRS transmission directly based on the calculated TA value.

2.2 Discussion related to RAN2 agreements
Next, we look at the agreements made in RAN2, as included in the latest LS, in order to analyse the potential 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

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 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 this uncertainty is shorter.

Observation 2: In RACH-less handover the handover interruption time will be shorter as TIU uncertainty is shorter.
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 3: 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. Our view is that the UE may in fact receive the subframe allocation alone without UL grant. For this case UE would only need to monitor that indicated subframe in target cell for UL grants.

Observation 4: If UE receives subframe allocation without UL grant UE only need to monitor the indicated subframe.
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.
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 DL operation of the source cell after the HO command has been received. And 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, it can be assumed that interruption time 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.

Different from current handover and RACH-less solution, 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 in the target cell until UL grant is included while maintaining connection to source, Hence, the interruption of the data transmission can be down to TIU = 0ms. Additionally Tsearch will have 0ms impact on the data connection break. 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 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
3
Conclusion
In this paper, we discuss the RACH-less solution and ‘make-before-break’ solutions in latest LS [5] and the remaining question 2 in the original LS [1]. 

Based on the discussion we observe regarding question 2:

Observation 1: It is feasible to start PUCCH/PUSCH/SRS transmission directly based on the calculated TA value.

On the further discussions related to new LS from RAN2 we observe:
Observation 2: In RACH-less handover the handover interruption time will be shorter as TIU uncertainty is shorter.

Observation 3: 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 4: If UE receives subframe allocation without UL grant UE only need to monitor the indicated subframe.

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
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