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Introduction
Recently, a RAN2 LS on NR mobility enhancement was approved in [2] to RAN4, with the following question:
	In Rel-16 WI “NR mobility enhancements”, multiple solutions are proposed to reduce the handover interruption time, such as: 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Handover/SCG change involving simultaneous connectivity with source cell and target cell:
In LTE_feMob WI, RAN2 received the feedback from RAN1 and RAN4 in R1-1814411 (R2-1900020) and R4-1902030 (R2-1902601).

For RACH-less handover:
In LTE_eMob WI, RAN2 received the feedback from RAN4 in R4-166817 (R2-166016).

With respect to the above liaison statements for LTE_feMob and LTE_eMob WI, RAN2 would like to further ask the following:
Question: RAN2 would like RAN1 and RAN4 to provide their feedback on whether the replies to the LTE LSs mentioned above are also applicable to NR for inter and intra frequency (both FR1 and FR2), synchronous, and asynchronous scenarios.


In this contribution, analysis and potential feedback to the above question are provided.
Discussion
RAN2 question covers two enhanced handover/SCG change procedure, respectively, handover/SCG change involving simultaneous connectivity with source cell and target cell (so called DC-based handover/SCG change) and RACH-less handover.
DC-based handover/SCG change

For DC-based handover/SCG change, UE needs to maintain dual connectivity to source cell and target cell in some part of handover procedure. The fact is that for different scenario, this operation would require different UE capability in terms of power control, baseband performance, RF architecture etc. Overall there are numbers of scenarios on the table, covering intra/inter-frequency, synchronous/asynchronous network deployment and FR1 and/or FR2, etc. Fortunately, there was similar discussion in LTE work item (LTE_feMob) in all the related working group, i.e. RAN1/2/4. The latest outcome of such discussion in LTE WI was captured in [3], where RAN4 confirmed the feasibility of simultaneous Tx/Rx for certain scenarios while keep FFS for the other ones. However, it is unclear to RAN2 if the answers to questions for LTE also apply for NR. 
In last RAN4 #90, a way forward was approved in [4], with agreements with respect to DC-based handover as follow:
	· RAN4 to study the feasibility of simultaneous connectivity to both serving and target NR cells in different scenarios.
· the RAN4 response in LS (R4-1902030) in R16 LTE FeMobility WI can be used as starting point.
· On top of response in LS (R4-1902030) at least the following additional aspects shall be considered:
· Same or different SCS between the source and target cells.
· Handover involving cell(s) in FR2, where Tx/Rx beamforming is used.


As can be seen, RAN4 agreed that the response in [3] can be used as starting point when discussing the feasibility of such DC-based handover in NR. The reason is that the factors on which the feasibility of DC-based handover in LTE was confirmed are also there for NR, i.e. analysis on UE timing, ACG, supported band combinations and etc applies for both LTE and NR. However, people cannot expect exactly the same answers in NR, given that on top of the analysis which was done in LTE there are several additional aspects that need to be considered in NR, e.g. potential different SCS between source and target cell, handover involving FR2, where Tx/Rx beamforming is used and so on.
1) Same or different SCS between the source and target cells
Unlike LTE, NR can support different sub-carrier spacing. For instance, in serving cells the SCS between SSB and PDCCH/PDSCH can be different. Besides, the SCS could also be different for different DL/UL in CA, UL and SUL, and etc. Some of these scenarios are mandatory but some are optional, depending on UE capability. If the DC-based handover involving cells with different SCS, the situation becomes more complicated. For instance, UE that supports simultaneousRxDataSSB-DiffNumerology is only expected to supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology. It doesn’t mean it can also support the concurrent measurement and data reception for neighbour cells. An extreme example is handover from cell 1, with 15KHz SSB and 30KHz data, to cell 2, with 240KHz SSB and 120KHz data. For DC-based handover in this scenario, UE may need to perform simultaneous 1) measurement with 15KHz and data reception with 30KHz in FR1 and 2) measurement with 240KHz and data reception with 120KHz. This operation requires high UE complexity (note that we have to consider some other factors e.g. beamforming, asynchronous or non-ideal synchronous deployment).
Since there are quite a lot of scenarios with regarding to different SCS between the source cell and target cell, we suggest to provide response with focus on same SCS case first and keep on studying in RAN4. 
[bookmark: _Ref4407527]Proposal 1: RAN4 can reply RAN2 with focus on same SCS, i.e. the SCS is the same for SSB and data in both serving and target cell.
[bookmark: _Ref4407530]Proposal 2: RAN4 shall study the feasibility and corresponding condition of DC-based handover involving different SCS. 

2) Handover involving cell(s) in FR2, where Tx/Rx beamforming is used
[bookmark: OLE_LINK5]Another important aspect needs to be considered is related to Tx/Rx beamforming. Currently in RAN4 we assume that UE cannot hold multiple Tx/Rx beams simultaneously. At least for now, we don’t intent to revise this assumption in this work item, since the change of this assumption will bring significant update on our RRM requirement and we don’t expect this can be done in a handover enhancement work item. 
[bookmark: _Ref4407533]Proposal 3: simultaneous Tx/Rx in DC-based handover between cells in different directions is not considered in this work item.
However, if the handover occurs between FR2 cells that are collocated, then the situation could be quite similar with the case where beamforming is utilized.
[bookmark: _Ref4407535]Proposal 4: RAN4 can reply RAN2 with focus on the scenario where UE can use the same Tx/Rx beam for both source and target cells.

In summary of proposal 1 and 4, we can reply RAN2 with respect to DC-based handover with:
[bookmark: _Ref4407538]Proposal 5: the replies in R4-1902030 regarding DC-based handover/SCG change is also applicable for NR on conditions that 1) SCS is the same for SSB and data in both serving and target cell and 2) UE can use the same Tx/Rx beam for both source and target cells if they are in FR2.

RACH-less handover
Another handover mentioned in the RAN2 LS is regarding RACH-less handover. Informatively, here we duplicate the content in the [3], which was discussed early LTE handover enhancement work item.
	Questions related to the RACH-less solution(s) as described in the attachment:
Q1: Would the accuracy of the TA value calculated according to the schemes in the attachment be sufficient for transmitting PUSCH/PUCCH/SRS at the target cell in either synchronous or asynchronous network?  (RAN1/RAN4)

Reply to Q1: The legacy accuracy requirements for uplink timing alignment, i.e. the accuracy of TA for initial uplink transmission, cannot be met by UE calculated TA scheme in either synchronous or asynchronous network. The TA calculation error comes from TA error of source cell, UE reception time difference, BS transmission time alignment error, and uplink/downlink imbalance.

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)

Reply to Q2: If it is feasible to start PUCCH/PUSCH/SRS transmission directly is up to RAN1. RAN4 would like to point out that without PRACH power ramping step the transmission power accuracy could be impacted.

Q3: In the UE based TA calculation, would the timing offset between source and target eNBs in asynchronous case be acquired by the target eNB and would this estimation be accurate for the calculation of TA? (RAN3/RAN4)

Reply to Q3: The feasibility and accuracy of network based timing offset estimation in asynchronous case is within the domain of RAN3 to evaluate. From a RAN4 perspective, any error in the estimated timing offset between source and target eNBs will cause doubled error in the calculated TA value.


In above LS, there are two methods mentioned to get the TA for target cell, i.e. UE based TA calculation and network based TA calculation, respectively. The methods were elaborated in [6]. Here we only highlight the fundamental ideas of these methods. 
1) UE based TA calculation
For UE based TA calculation, the TA for target cell is calculated at UE side, based on the downlink timing and TA in the source cell and the propagation delay difference between source and target cells.


Figure-1 Obtain the TA in network
In the figure, T1 and T2 denote the propagation delay from source eNB and target eNB to UE, respectively. Assuming the UL propagation delay is the same as the DL propagation delay, the relationship between the TAsource and T1 is:
TAsource =2*T1
Similarly, the relationship between the TAtarget and T2 is:
TAtarget = 2*T2
Then one UE can derive the target cell TA from the source cell TA by:
TAtarget = TAsource– 2 *ΔT
Where, ΔT =  T1 - T2.
2) Network based TA calculation
Network based TA calculation is based on estimating TA using uplink control signal transmissions by the UE which are configured during the handover. The source cell will configure the UE to transmit signals on the uplink and inform target cell of this configuration. The target cell calculates the TA which is signalled to the UE in the HO command. The HO command will also include scheduling information for PUSCH which the UE uses to transmit handover completion message.
As mentioned in answer to Q1, the TA calculation error comes from TA error of source cell, UE reception time difference, BS transmission time alignment error, and uplink/downlink imbalance. Note that when we come to NR, these uncertainties are still there, even the corresponding requirements in NR is in the same order as that in LTE. Besides, the uplink transmission timing requirement in NR is more stringent in large SCS, which is more difficult to meet the requirement in NR.
[bookmark: _Ref4407541]Proposal 6: the replies in R4-166817 regarding RACH-less handover is also applicable for NR.
Conclusion
In this contribution, we discuss the replies in previous RAN4 LS to RAN2 regarding DC-based and RACH-less handover. After discussion the following conclusions are made:
Proposal 1: RAN4 can reply RAN2 with focus on same SCS, i.e. the SCS is the same for SSB and data in both serving and target cell.
Proposal 2: RAN4 shall study the feasibility and corresponding condition of DC-based handover involving different SCS.
Proposal 3: simultaneous Tx/Rx in DC-based handover between cells in different directions is not considered in this work item.
Proposal 4: RAN4 can reply RAN2 with focus on the scenario where UE can use the same Tx/Rx beam for both source and target cells.
Proposal 5: the replies in R4-1902030 regarding DC-based handover/SCG change is also applicable for NR on conditions that 1) SCS is the same for SSB and data in both serving and target cell and 2) UE can use the same Tx/Rx beam for both source and target cells if they are in FR2.
Proposal 6: the replies in R4-166817 regarding RACH-less handover is also applicable for NR.

References
[1] RP-190489, New WID: NR mobility enhancements, Intel Corporation
[2] R2-1902745, LS on NR mobility enhancements, Intel Corporation
[3] R4-166817, Reply LS on the feasibility of mobility enhancement solutions, Ericsson, ZTE
[4] R4-1902547, Way forward on R16 NR mobility enhancement, Intel
[5] R4-1902030, Reply LS on the interruption time during mobility in LTE, Huawei, HiSilicon
[6] R2-164565, RACH-less solutions, ZTE Corporation, Nokia, CATT, Qualcomm Incorporated






1/5
image1.emf
Source eNB Target eNB

T

1

T

2


Microsoft_Visio_2003-2010_Drawing1.vsd
Source eNB


Target eNB


T1


T2



