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Introduction
[bookmark: _GoBack]This contribution discusses our view on NR RACH-less handover during handover.
[bookmark: _Ref4441587]RACH-less handover
RACH-less HO might be introduced to eliminate the RACH related latencies during HO. Although RACH-less HO does not provide 0ms HO interruption, it is still useful when source cell connection is deteriorating quickly. 
Timing advance
[bookmark: _Hlk874793]The timing advance (TA) for Msg3 transmission or for PUSCH transmission (RRC Connection Reconfiguration Complete message) to the target cell is estimated based on PRACH in RACH-based HO and signaled to UE via RAR. With removal of RACH during HO, how should UE get target cell TA? For LTE, RACH-less HO was restricted to the synchronous intra-frequency deployments. Furthermore, it is limited to the cases that the target cell TA is the same as the source cell TA (e.g., collocated cells) or the target cell TA is zero (e.g., small cell). We believe that NR RACH-less HO should support at least scenarios where target cell TA is zero or same as source cell TA for both FR1 and FR2.
Proposal 1: NR RACH-less HO supports at least scenarios where target cell TA is zero or same as source cell TA for both FR1 and FR2.
Although the restriction on TA and synchronous deployment could eliminate the need to obtain TA for the target cell, it limits the usage of RACH-less HO in more practical deployment scenarios e.g., when target cell TA is non-zero or when the target cell TA is not the same as the source cell TA (e.g., non-collocated cells). Hence, for NR, it might be beneficial to investigate mechanisms to enable UE estimate timing advance of the target cell.
Proposal 2: RAN1 should investigate additional TA estimation techniques to extend use cases of NR RACH-less HO.
As noted in [1], the TA calculation error comes from TA error of source cell, UE reception time difference, BS transmission time alignment error, and uplink/downlink imbalance. We could consider these error sources to aid UE with more accurate target cell TA estimation. In particular, the UE might be able to estimate target cell TA based on source cell TA, RSTD, timing differencebetween DL Tx and UL Rx, and inherent timing offset between source and target cells () which should be zero in synchronous deployments. Assume DL/UL timing imbalance for a cell can be expressed as

where  represents the DL/UL timing imbalance in the cell. 
The TA of target cell can be expressed as:

where 
 
is the reference signal time difference between target and source cell. Here,  is the time when the UE receives the start of one subframe from target cell and  is the time when the UE receives the corresponding start of one subframe from source cell that is closest in time to the subframe received from target cell.

where  representing uplink/downlink imbalance and async between source and target cells.
Proposal 3: For intra-frequency handover, network indicates a timing refinement factor () to UE that can derive the target cell TA by adjusting the source cell TA based on at least the indicated refinement factor.
· The timing refinement factor should represent aspects such as source-target cell timing synchronization and uplink/downlink imbalance at source/target cells.
Another option is to enable target cell to estimate timing advance based on existing uplink RS e.g., SRS that UE transmits to the source cell. Here, the uplink RS configuration is configured to UE and known to the target cell. This option should be at least feasible for FR1 intra-frequency handover.
Proposal 4: At least for FR1 intra-frequency handover, the target cell can estimate the timing advance based on SRS transmitted to the source cell. SRS configuration is configured to UE and known to the target cell.

PUSCH transmission
Since NR supports multi-beam deployment, it would be necessary to define PUSCH occasion (time-frequency resources) for PUSCH transmission.
Proposal 5: Define PUSCH occasion for PUSCH transmission in multi-beam deployments.
The goal of RACH-less HO is to reduce HO interruption time. It should be noted that the latency of PUSCH transmission might be long. Hence, if NR can support PUSCH repetition, which is expected to be supported for eURLLC, PUSCH transmission latency should be reasonably reduced. 
Proposal 6: RACH-less HO supports PUSCH repetition.
Furthermore, NR supports flexible numerology, two uplink waveforms for PUSCH, and different versions of pi/2 BPSK. Hence, it would be necessary to discuss which configuration should be supported for PUSCH in RACH-less HO.
Proposal 7: Discuss PUSCH configuration on numerology, waveform and MCS.

Conclusion 
This contribution provides our discussion on PHY aspects of RACH-less HO. In particular, we make the following observations:
Proposal 1: NR RACH-less HO supports at least scenarios where target cell TA is zero or same as source cell TA for both FR1 and FR2.
Proposal 2: RAN1 should investigate additional TA estimation techniques to extend use cases of NR RACH-less HO.
Proposal 3: For intra-frequency handover, network indicates a timing refinement factor () to UE that can derive the target cell TA by adjusting the source cell TA based on at least the indicated refinement factor.
· The timing refinement factor should represent aspects such as source-target cell timing synchronization and uplink/downlink imbalance at source/target cells.
Proposal 4: At least for FR1 intra-frequency handover, the target cell can estimate the timing advance based on SRS transmitted to the source cell. SRS configuration is configured to UE and known to the target cell.
Proposal 5: Define PUSCH occasion for PUSCH transmission in multi-beam deployments.
Proposal 6: RACH-less HO supports PUSCH repetition.
Proposal 7: Discuss PUSCH configuration on numerology, waveform and MCS.

Reference
1. [bookmark: _Ref4750095][bookmark: _Ref7515897]R4-166817, Reply LS on the feasibility of mobility enhancement solutions, RAN4 #80

3GPP TSG


-


RAN WG1 Meeting 


#9


7


 


R1


-


190


7302


 


Reno


, 


USA


, 


May 


13


th 


–


 


1


7


th, 2019


 


 


Agenda item:


 


7.2.12.1


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


On


 


m


obility 


e


nhancements


 


Document for:


 


Discussion/Decision


 


1


 


Introduction


 


This 


contribution discusses our 


view on 


NR 


RACH


-


less handover during handover.


 


2


 


RACH


-


less 


handover


 


RACH


-


l


ess HO 


might be


 


introduced to eliminate the RACH related latencies during HO


. 


Although 


RACH


-


less HO


 


does not provide 0ms HO interruption,


 


it is


 


still useful when source cell connection is


 


deteriorating quickly


.


 


 


2.1


 


Timing 


a


dvance


 


The timing advance (TA) for Msg3


 


transmission or 


for PUSCH transmission (


RRC Connection Reconfiguration 


Complete message


) to the target cell 


is 


estimated 


based on PRACH in RACH


-


based HO


 


and signaled to UE via 


RAR. 


With removal of RACH during HO, 


how should UE get target cell TA? 


For


 


LTE


,


 


RACH


-


less HO was 


restricted to the synchronous 


intra


-


frequency 


deployments. Furthermore, it is limited to the cases


 


that 


t


he target cell 


TA is the same 


as the source cell TA 


(


e.g., co


l


located cells


) 


or


 


the target cell TA is zero


 


(e.g., small cell)


.


 


We believe 


that 


NR RACH


-


less HO 


should 


support at least scenarios where target cell TA is zero or same as source cell TA for 


both FR1 and FR2


.


 


Proposal 


1


: 


NR


 


RACH


-


less HO


 


supports 


at least 


scenarios 


w


here


 


target cell 


TA


 


is zero 


or


 


same as source cell 


TA


 


for both FR1 and FR2


.


 


Although 


the


 


restriction


 


on TA


 


and synchronous deployment could


 


eliminate the need to obtain TA for the target 


cell, it limits the us


age


 


of RACH


-


less HO in more practical deployment scenarios e.g., when target cell TA is non


-


zero or when the target cell TA is not the same as the source cell TA


 


(


e.g., non


-


co


l


located


 


cells


)


. Hence, for NR, it 


might be beneficial to investigate mechanisms to e


nable UE estimate timing advance of the target cell.


 


Proposal 2


: RAN1


 


should 


investigate 


additional


 


TA


 


estimation techniques to extend 


use cases 


of NR RACH


-


less HO.


 


As noted in


 


[1]


,


 


t


he TA calculation error comes from TA error of source cell, UE reception time difference, BS 


transmission time alignment error, and uplink/downlink imbalance


. 


W


e could consider these error so


urces to aid UE 


with more accurate target cell TA estimation. 


In particular, 


the 


UE 


might be able to 


estimate target cell TA based on 


source cell TA, RSTD, timing 


difference


 


between DL Tx and UL Rx, and inherent timing offset between source and 


target cell


s (


?


t


)


 


which


 


should be


 


zero in synchronous 


deployments


.


 


Assume DL/UL timing imbalance for a cell can 


be expressed as


 


??


????


=


??


????


+


?


??


 


where 


?


??


 


represents the DL/UL timing imbalance


 


in the cell


. 


 


T


he TA of target cell can be expressed as:


 


TA


target


=


TA


source


+


 


2


?


RSTD


-


?


t


?


+


 


?


??


target


-


?


??


source


 




3GPP TSG - RAN WG1 Meeting  #9 7   R1 - 190 7302   Reno ,  USA ,  May  13 th  –   1 7 th, 2019     Agenda item:   7.2.12.1   Source:    Qualcomm Incorporated   Title:     On   m obility  e nhancements   Document for:   Discussion/Decision   1   Introduction   This  contribution discusses our  view on  NR  RACH - less handover during handover.   2   RACH - less  handover   RACH - l ess HO  might be   introduced to eliminate the RACH related latencies during HO .  Although  RACH - less HO   does not provide 0ms HO interruption,   it is   still useful when source cell connection is   deteriorating quickly .     2.1   Timing  a dvance   The timing advance (TA) for Msg3   transmission or  for PUSCH transmission ( RRC Connection Reconfiguration  Complete message ) to the target cell  is  estimated  based on PRACH in RACH - based HO   and signaled to UE via  RAR.  With removal of RACH during HO,  how should UE get target cell TA?  For   LTE ,   RACH - less HO was  restricted to the synchronous  intra - frequency  deployments. Furthermore, it is limited to the cases   that  t he target cell  TA is the same  as the source cell TA  ( e.g., co l located cells )  or   the target cell TA is zero   (e.g., small cell) .   We believe  that  NR RACH - less HO  should  support at least scenarios where target cell TA is zero or same as source cell TA for  both FR1 and FR2 .   Proposal  1 :  NR   RACH - less HO   supports  at least  scenarios  w here   target cell  TA   is zero  or   same as source cell  TA   for both FR1 and FR2 .   Although  the   restriction   on TA   and synchronous deployment could   eliminate the need to obtain TA for the target  cell, it limits the us age   of RACH - less HO in more practical deployment scenarios e.g., when target cell TA is non - zero or when the target cell TA is not the same as the source cell TA   ( e.g., non - co l located   cells ) . Hence, for NR, it  might be beneficial to investigate mechanisms to e nable UE estimate timing advance of the target cell.   Proposal 2 : RAN1   should  investigate  additional   TA   estimation techniques to extend  use cases  of NR RACH - less HO.   As noted in   [1] ,   t he TA calculation error comes from TA error of source cell, UE reception time difference, BS  transmission time alignment error, and uplink/downlink imbalance .  W e could consider these error so urces to aid UE  with more accurate target cell TA estimation.  In particular,  the  UE  might be able to  estimate target cell TA based on  source cell TA, RSTD, timing  difference   between DL Tx and UL Rx, and inherent timing offset between source and  target cell s ( ? t )   which   should be   zero in synchronous  deployments .   Assume DL/UL timing imbalance for a cell can  be expressed as   ?? ???? = ?? ???? + ? ??   where  ? ??   represents the DL/UL timing imbalance   in the cell .    T he TA of target cell can be expressed as:   TA target = TA source +   2 RSTD - ? t +   ? ?? target - ? ?? source  

