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1. Introduction

In the last RAN4 meeting, the way forward on LTE mobility enhancement [1] was approved. 

	· eMBB LTE handover delay definition:
· The legacy handover delay definition may not be suitable for simultaneous connectivity handover.

· The starting point of handover delay is defined as the time when UE receives RRC indicating handover. The ending point of handover delay is FFS.

· RAN4 needs to discuss if delay and interruption requirement is needed for source cell release.

· Company input concerning each delay and interruption requirement 




The contribution continues to discuss the RRM requirements for reduction of user data interruption in Femoblity (which is also called as enhanced make-before-break in RAN2).
2. Discussion
2.1. Interruption
In RAN2, it was agreed to introduce the dual active protocol stack (DAPS) based handover solution for reducing HO interruption time. In previous meeting, RAN4 sent an LS reply to RAN2 [2]. The LS confirms the feasibility to perform simultaneous transmission/reception of various UL & DL physical channels/signals to/from two cells. In the following, we discuss the interruption requirement for the each scenario in the LS.
· Intra-frequency synchronous deployment

Since the source cell and target cell are intra-frequency, they can share the same RF chain. When the bandwidth of the source and target cell are the same, no RF retuning action is needed. Moreover the baseband implementation can guarantee the simultaneous reception and transmission which is confirmed in the LS reply. Then there is no interruption for intra-frequency synchronous deployment when the bandwidth of target and source cell is the same.

Proposal 1: There is no interruption for intra-frequency synchronous deployment when the bandwidth of target and source cell is the same.

If the bandwidth of target cell is larger than that of the source cell, the bandwidth adjustment shall be performed during handover procedure. Then the interruption happens. For the case that the bandwidth of target cell is less than that of the source cell, if the bandwidth adjustment is performed after handover (not during the handover procedure), the interruption will happen in the target cell latter. However there is no such interruption requirements after handover, in other words such interruption is not allowed in the current specification. Thus the general scheme is that UE performs bandwidth adjustment during handover if the bandwidth of target and source cell is different. The interruption caused by bandwidth adjustment is 5ms due to AGC settling.

Proposal 2: The interruption is 5ms for intra-frequency synchronous deployment when the bandwidth of target and source is different.

· Intra-frequency asynchronous deployment

There is timing misalignment between target cell and source cell. Although it may take some time for timing synchronization in the target cell, UE still exchanges user plane packets with the source cell. According to the agreements in RAN2, there is no interruption if UE is able to exchange user plane packets with any base station during transitions. Thus if the bandwidth of target cell and source cell is the same, there is no interruption for intra-frequency asynchronous scenario. If the bandwidth is different, 5ms interruption is foreseen.

Proposal 3: There is no interruption for intra-frequency asynchronous deployment when the bandwidth of target and source cell is the same.

Proposal 4: The interruption is 5ms for intra-frequency asynchronous deployment when the bandwidth of target and source cell is different.

· Inter-frequency deployment

If the target cell and source cell is inter-frequency, in order to support simultaneous reception and transmission the typical implementation is to use independent RF chain. The interruption for inter-frequency deployment is 1ms. Similar as discussed above, there is no difference for synchronous and asynchronous scenario
Proposal 5: The interruption is 1ms for both synchronous and asynchronous inter-frequency deployment. 
2.2. Handover delay 
As we know the handover delay equals RRC procedure delay plus Tinterrupt in legacy handover requirements. For eMBB handover, the starting point is determined as the time when UE receives handover command. For the ending point, there is concern on the simulations UL transmissions. The same discussion are ongoing in RAN1 NR mobility enhancement [RAN1#98 chairman notes].

	Conclusion:

· Companies are encouraged to provide views and proposals to complete the physical layer specification in the next meeting for dual active protocol stack (DAPS) based HO solution agreed in RAN2.

· The following are list of potential physical layer aspects that may be relevant for discussion:
· How to leverage features supported by Multi-TRP WI

· Procedures related to DL/UL operation

· PDCCH monitoring, CORESET, and Search Space configuration for source and target cells

· PDSCH resource allocation and transmission for source and target cells

· How the simultaneous reception is performed, e.g. TDM

· PUSCH resource allocation and transmission

· How the simultaneous transmission is performed, e.g. TDM

· Multi-beam PUSCH transmission (e.g. repetition of PUSCH)

· Physical layer functionality needed to support RAN2 agreement, “Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution.”.

· HARQ-ACK, CSI, SR feedback

· Uplink TA adjustments

· Power control for PUSCH/PUCCH/SRS 

· Any other Tx/Rx beam related aspects

· Physical layer aspects required to support DAPS based HO solution in FR2 (including determining feasibility and whether or not support feature for FR2)

· UE capability aspects




In our understanding, RAN1 has mechanism to perform simultaneous UL transmission and is working on it. Thus in RAN4 we can based on the assumption and determine the ending point as the transmission of the new uplink PUSCH channel on the target cell. 
Then the handover delay for eMBB handover can be defined as below,

Dhandover= RRC procedure delay+ Tsearch+Tiu+20ms+ Tuncertainty

Where Tuncertainty is the uncertainty time for acquiring the first PUSCH transmission occasion.
The following interruption is allowed during the time between end of the last TTI containing the RRC command on the old PDSCH and the UE shall be ready to start the transmission of the new uplink PUSCH channel on the target cell 

· No interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source cell is the same.

· 5ms interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source is different.

· 1ms interruption is allowed for both synchronous and asynchronous inter-frequency deployment.

Proposal 6: For eMBB handover,

Dhandover= RRC procedure delay+ Tsearch+Tiu+20ms+ Tuncertainty

Where Tuncertainty is the uncertainty time for acquiring the first PUSCH transmission occasion.
The following interruption is allowed during the time between end of the last TTI containing the RRC command on the old PDSCH and the UE shall be ready to start the transmission of the new uplink PUSCH channel on the target cell 

· No interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source cell is the same.

· 5ms interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source is different.

· 1ms interruption is allowed for both synchronous and asynchronous inter-frequency deployment.

3. Conclusions

This contribution provides the discussion on even further mobility enhancement in LTE. The following proposals are provided: 
Proposal 1: There is no interruption for intra-frequency synchronous deployment when the bandwidth of target and serving cell is the same.
Proposal 2: The interruption is 5ms for intra-frequency synchronous deployment when the bandwidth of target and serving is different.

Proposal 3: There is no interruption for intra-frequency asynchronous deployment when the bandwidth of target and serving cell is the same.

Proposal 4: The interruption is 5ms for intra-frequency asynchronous deployment when the bandwidth of target and serving is different.

Proposal 5: The interruption is 1ms for both synchronous and asynchronous inter-frequency deployment.
Proposal 6: For eMBB handover,

Dhandover= RRC procedure delay+ Tsearch+Tiu+20ms+ Tuncertainty

Where Tuncertainty is the uncertainty time for acquiring the first PUSCH transmission occasion.
The following interruption is allowed during the time between end of the last TTI containing the RRC command on the old PDSCH and the UE shall be ready to start the transmission of the new uplink PUSCH channel on the target cell 

· No interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source cell is the same.

· 5ms interruption is allowed for both intra-frequency synchronous and asynchronous deployment when the bandwidth of target and source is different.

· 1ms interruption is allowed for both synchronous and asynchronous inter-frequency deployment.
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