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[bookmark: _GoBack]Introduction
An WI “NR mobility enhancements” was approved in [1] with the following objectives:
· 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 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 
· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]
Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies
This contribution presents our discussion on PHY aspects for supporting RACH-less HO. 
RACH-less HO
RACH procedure is used during traditional HO to obtain the Timing Advance (TA) value and the UL grant for PUSCH transmission (RRC Connection Reconfiguration Complete message) to the target cell. In LTE Rel.14, RACH-less HO was introduced to eliminate the RACH related latencies during HO and thus reduce the mobility Interruption time. For NR, RACH-less HO is also one of the techniques to reduce HO/SCG change latency. In particular, in RACH-less HO, the UE needs to obtain the target cell TA, UL grant information through other means. Hence, we shall discuss the following PHY aspects to enable RACH-less HO:
· Timing advance of the target cell
· Transmission of PUSCH containing handover command response to the target cell (UL grant allocation and PUSCH power control)
· Multi-beam considerations

Timing advance
[bookmark: _Hlk874793]In LTE, RACH-less HO was restricted to the synchronous deployments. Furthermore, it is limited to the following cases
· the target cell TA is the same as the source cell TA or
· the target cell TA is zero.
Although such restriction eliminates the need to obtain TA for the target cell, it might limit the use of RACH-less HO in more 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). Hence, for NR, it might be beneficial to investigate mechanisms to enable UE estimate timing advance of the target cell. 
Proposal 1: Study mechanism for UE to obtain timing advance of the target cell for supporting NR RACH-less HO. 

Uplink grant configuration
[bookmark: _Hlk877896]Another purpose of RACH procedure during HO is to obtain UL grant for the transmission of the handover command response (i.e., RRC Connection Reconfiguration Complete message). In absence of RACH procedure in target cell, allocation of UL grant is needed in the target cell. LTE RACH-less HO supports the below options for obtaining UL grant to transmit the RRC Reconfiguration complete on the target cell, when RACH is not performed during RACH-less HO:
· UE is provided with preconfigured UL grant information in the RRC Reconfiguration message sent to configure RACH-less HO; or
· UE monitors PDCCH of the target cell to obtain the UL grant, when preconfigured UL grant information is not provided.
Proposal 2: Consider reusing the same UL grant configuration mechanism in LTE RACH-less HO as a starting point for NR RACH-less HO.

PUSCH transmission
In RACH procedure, the initial value of Msg3/PUSCH transmission power (i.e.,  in PUSCH power control formula) is based on PRACH preamble power and total power ramp. 
	Section 7.1.1 of TS 38.213







If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
 [dBm]
where,




-	is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier  of serving cell  in PUSCH transmission occasion .




-	 is a parameter composed of the sum of a component  and a component  where . 








-	If a UE is not provided P0-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3, , , and , where the parameter preambleReceivedTargetPower [11, TS 38.321] (for ) and msg3-DeltaPreamble (for ) are provided by higher layers, or  dB if msg3-DeltaPreamble is not provided, for carrier  of serving cell 



Furthermore, TPC command for Msg3 is signalled in RAR:
	


If the UE receives a random access response message in response to a PRACH transmission on active UL BWP  of carrier  of serving cell  as desctibed in subcaluse 8


-	, where  and




-	 is a TPC command value indicated in the random access response grant of the random access response message corresponding to the PRACH transmission on active UL BWP  of carrier  in the serving cell , and 











-	 and  is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last random access preamble for carrier  in the serving cell ,  is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for the first PUSCH transmission on active UL BWP  of carrier  of serving cell , and [image: ] is the power adjustment of first PUSCH transmission on active UL BWP  of carrier  of serving cell . 



Since RACH procedure is removed, the PUSCH power control in RACH-less HO should be discussed.
Proposal 3: Study the power control for PUSCH carrying handover command response to the target cell in NR RACH-less HO.

Multi-beam considerations
NR RACH-less HO should be applicable to multi-beam systems, which is different from LTE RACH-less HO. One of the multi-beam considerations is on which Tx beam UE should use to transmit PUSCH. In Rel-15 RACH procedure during HO, source gNB sends a list of candidate beams for Msg1 transmission to the target cell. Similarly, for RACH-less HO, it would be beneficial that the target cell indicates a list of candidate beams to UE for sending PUSCH. Then, the UE selects a suitable beam among the included multiple candidate beams to send the PUSCH to the target cell.
Proposal 4: Study multi-beam aspects in supporting RACH-less HO e.g., a list of candidate beams might be provided to UE for PUSCH transmission to target cell.

Conclusion 
This contribution provides our discussion on some PHY aspects to support RACH-less HO. In particular, the following proposals have been made:
Proposal 1: Study mechanism for UE to obtain timing advance of the target cell for supporting NR RACH-less HO. 
Proposal 2: Consider reusing the same UL grant configuration mechanism in LTE RACH-less HO as a starting point for NR RACH-less HO.
Proposal 3: Study the power control for PUSCH carrying handover command response to the target cell in NR RACH-less HO.
Proposal 4: Study multi-beam aspects in supporting RACH-less HO e.g., a list of candidate beams might be provided to UE for PUSCH transmission to target cell.

Reference
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