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1. Introduction
A new WI [1] was agreed at RAN#80 for NR mobility enhancement. RACH-less handover is listed as one possible solution to reduce the handover interruption time:
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
In this contribution, we provide some analysis for the RACH-less handover in NR.
2. Discussion
[bookmark: OLE_LINK2]RACH-less handover was introduced in LTE Rel-14 and is limited only for the scenarios where the uplink transmission timing does not change (i.e. intra-site) or equals to "0" (i.e. small cell). Per the scenarios specified in 38.913[2], indoor hotspot is an important scenario in NR. The indoor hotspot scenario focuses on small coverage per site/TRP. So RACH-less handover can be applied at least for the indoor hotspot case in NR. The interruption time can be reduced both for the standalone intra-NR mobility and the SgNB change in MR-DC (EN-DC, NGEN-DC and NR-DC).
Observation 1: RACH-less handover can be applied at least for the indoor hotspot in NR and it is beneficial both for the standalone intra-NR mobility and the SgNB change in MR-DC.
Taking the EUTRA FDD-FDD handover as an example, the handover interruption time is defined as follows in 36.133:
Tinterrupt = Tsearch + TIU + 20 ms
Per the evaluation in RAN4 [3], for normal handover:
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms. 
For RACH-less handover:
TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
-	TIU can be up to 10 ms if UL grant is configured in RRC command.
NOTE:	The actual value of TIU shall depend upon the UL grant configuration in RRC command.
-	TIU can be up to TUL_grant if UL grant is not configured in RRC command.
NOTE:	TUL_grant is the time required to acquire and process uplink grant from the target Pcell.
It can be seen that the interruption time reduction is mainly achieved by skipping of the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
Considering the NR FR2- NR FR2 handover, the interruption time is defined as follows:
Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms
For normal handover, the TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of 38.211 with the maximum value 16. In other words, the maximum TIU can be as large as 170ms. So it’s obvious that with the adoption of RACH-less handover, the interruption time can be largely reduced. 
It should be noted that the interruption time defined by RAN4 is the time between the end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. The time to finish the remaining steps of the RACH procedure is not considered. If taking all of the RACH steps into consideration, the reduced amount would be even larger.
[bookmark: OLE_LINK3]Observation 2: TIU in NR can be as large as 170ms. It is beneficial to support RACH-less handover to reduce the interruption time.
Given the above, it’s beneficial to support RACH-less handover in NR. And a LS should be sent to RAN4 to ask for the evaluation of interruption time.
Proposal 1: It’s beneficial to support RACH-less handover in NR.
Proposal 2: Send a LS to RAN4 to ask for the evaluation of the interruption time.
In LTE, if RACH-less HO is configured, the UE accesses the target via the preallocated UL-grant configured in the RRC message. Alternatively, if no preallocated UL-grant is configured in the RRC message, the UE monitors the PDCCH of the target cell. Generally speaking, the same mechanism can be reused in NR. However, the difference is that besides the time and frequency domain, an additional dimension (beam) is introduced in NR. So in NR, the PRACH resources are configured associated with beams, e.g. SS blocks or CSI-RS resources. Based on the beam associated PRACH resources, the UE acquires TA while the gNB performs beam training (i.e. identifies the DL beam for transmission) via the random access procedure. Given that, solutions should be identified to achieve beam training during the RACH-less handover.
Proposal 3: RACH-less handover in NR can be performed with or without preallocated UL-grant (e.g. same as in LTE). And solutions should be identified to achieve beam training during the RACH-less handover.
As analyzed above, for the RACH based handover, the gNB performs initial beam training (i.e. identifies the DL beam) via the configuration of beam (SSB or CSI-RS) associated PRACH resources. A similar methodology can be adopted for the RACH-less handover. For example, configuring SSB or CSI-RS based preallocated UL-grant or assigning beam specific UL grants. 
RACH-less HO with preallocated UL-grant:
[bookmark: OLE_LINK1]For RACH based handover, the UE includes beam specific measurement results in the measurement report per network request. With the beam specific measurement results forwarded from the source, the target can configure CFRA PRACH resources associated with beams, e.g. either CFRA PRACH resource associated with SSB or CFRA PRACH resources associated with CSI-RS resources. The same methodology can be adopted for the configuration of preallocated UL-grant. That is, the target can configure SSB or CSI-RS associated UL-grant(s) in the HO CMD. The UE selects a qualified beam (e.g. SSB/CSI-RS with RSRP above the configured threshold) and accesses the target via the associated UL grant. The target gNB can identify the DL beam (SSB or CSI-RS) according to the received PUSCH and the association between the UL grant and SSB/CSI-RS.
RACH-less HO without preallocated UL-grant:
In this case, the UE monitors all the CORESETs configured in the HO CMD. The target gNB can issue beam specific UL grants to the UE, i.e. issue different UL grants on different DL beams. The UE accesses the target via one of the received UL grants. The target gNB can identify the DL beam according to the received PUSCH and the mapping between UL grants and beams.
Given the above analysis, beam training can be achieved during RACH-less handover at least by configuring beam specific (SSB or CSI-RS specific) preallocated UL-grant or assigning beam specific UL grants. However, configuring or assigning beam specific UL grant is somehow resource consuming. So a LS should then be sent to RAN1 to ask their opinion.
Proposal 4: Beam training can be achieved during RACH-less handover at least by configuring beam specific (SSB or CSI-RS specific) preallocated UL-grant or assigning beam specific UL grants.
Proposal 5: Send a LS to RAN1 to ask whether the beam specific UL-grant based solutions are acceptable or not.
3. Conclusion and proposals
In this contribution, we provided some analysis for RACH-less handover in NR with the following observations and proposals:
Observations:
Observation 1: RACH-less handover can be applied at least for the indoor hotspot in NR and it is beneficial both for the standalone intra-NR mobility and the SgNB change in MR-DC.
Observation 2: TIU in NR can be as large as 170ms. It is beneficial to support RACH-less handover to reduce the interruption time.
Proposals:
Proposal 1: It’s beneficial to support RACH-less handover in NR.
Proposal 2: Send a LS to RAN4 to ask for the evaluation of the interruption time.
Proposal 3: RACH-less handover in NR can be performed with or without preallocated UL-grant (e.g. same as in LTE). And solutions should be identified to achieve beam training during the RACH-less handover.
Proposal 4: Beam training can be achieved during RACH-less handover at least by configuring beam specific (SSB or CSI-RS specific) preallocated UL-grant or assigning beam specific UL grants.
Proposal 5: Send a LS to RAN1 to ask whether the beam specific UL-grant based solutions are acceptable or not.
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