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Introduction
This contribution discusses our view on simultaneous transmission/reception for simultaneous connectivity with the source and target cells during NR handover in Section 2. Furthermore, NR RACH-less handover during handover is also discussed in Section 3.
[bookmark: _Ref16500573]Simultaneous Connectivity in Handover 
RAN1#97 made the following conclusion on simultaneous transmission/reception for simultaneous connectivity with the source and target cells during NR handover:
	Conclusion:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 
· For both DC-based and MBB based HO that is feasible in scenarios identified in R1-1905780, 
· it is expected that UE can receive: 
· PDCCH from both source and target cells. 
· PDSCH from both source and target cells. 
· FFS: BWP and CORESET configurations, semi-static PDCCH configuration for source and target cells, PDCCH blind decoding budgets, etc. 
· it is expected that UE can transmit: 
· Multiple PUCCH for HARQ-ACK to both source and target cells. 
· FFS: whether the transmission is TDM or other manners. 
· FFS: multiple PUSCH to both source and target cells.
· FFS: Power Control related aspects.
· Further study dependence of simultaneous transmission and/or reception on UE capability, if any.
· Continue to discuss the feasibility of DC/MBB-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 




This section discusses some FFS points in the conclusion. In particular, on PDCCH configuration in feasible scenarios where UE can receive PDCCH from the source and target cells during HO, the PDCCH configuration including CORESET, search space and the number of blind decoding should follow the same design as agreed or under discussion for multi-TRP due to the similarity between multi-TRP and HO scenarios.
Proposal 1: Configuration on CORESET, search space and the maximum number of PDCCH blind decoding for simultaneous PDCCH reception from source and target cells follows the agreements in multi-TRP.
On the feasibility of simultaneous Tx/Rx, RAN1 has not concluded the feasibility for FR1-FR1 intra-frequency asynchronous scenarios and FR1-FR1 inter-frequency intra-band asynchronous scenarios. From our perspectives, in these scenarios, the UEs can simultaneously receive the downlink channels/signals from both source and target cell as long as they have separate Rx chains. On the other hand, supporting simultaneous Tx is not possible with single Tx and is FFS for UE with uplink carrier aggregation capability (e.g., MTTD might need to be relaxed which impacts inter-mod IM impairment). 
Proposal 2:  For FR1-FR1 intra-frequency asynchronous scenario and FR1-FR1 inter-frequency intra-band asynchronous scenario,
· Simultaneous Rx is feasible for UEs with separate Rx chains.
· Simultaneous Tx is not feasible for UEs with single Tx chain and is FFS for UEs with ULCA capability.

For scenarios where simultaneous Tx/Rx is feasible, the simultaneous Tx/Rx is UE capability for a source/target band combination.
Proposal 3: Simultaneous Tx/Rx is UE capability for a source/target band combination.
[bookmark: _Ref4441587][bookmark: _Ref16500599]RACH-less handover
Timing advance
[bookmark: _Hlk874793]The timing advance (TA) for Msg3 transmission or for PUSCH transmission with RRC Connection Reconfiguration Complete to the target cell is estimated based on PRACH in RACH-based HO and signaled to UE via RAR in RACH procedure. 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). In RAN1#97, the following conclusion on target cell TA for RACH-less HO was made:
	Conclusion:
· [bookmark: _Hlk8987425]RACH-less HO in NR can at least support TA scenarios where target cell TA is zero or same as one of serving cell TAs in FR1
· FFS: RACH-less HO in FR2 including feasibility
· FFS: whether to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource
· For FR1 intra-frequency HO, further study whether any enhancement on determining TA compared to LTE RACH-less HO is needed and feasible. The following options can be used as a starting point:
· Option 1: Network indicates a timing refinement factor to UE so that UE can use at least the indicated timing refinement factor to adjust the target cell TA from the source cell TA.
· Option 2: UE performs an autonomous TA adjustment
· Option 3: Network indicates the target cell TA that is estimated by the target cell based on SRS transmission to the source cell
· FFS the case of FR1 inter-frequency HO & FR2
· Note: RACH-less alone is not able to achieve 0ms handover interruption time. RAN2 is expected to make the decision whether RACH-less HO is supported in NR.



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 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 for estimating timing advance of the target cell in additional deployment scenarios.
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 
 
[bookmark: _GoBack]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 a timing refinement factor  represents uplink/downlink imbalance and async between source and target cells.
Proposal 4: 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 5: 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 6: 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 7: 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 8: Discuss PUSCH configuration on numerology, waveform and MCS.

Conclusion 
This contribution provides our discussion on simultaneous connectivity with source and target cells as well as PHY aspects of RACH-less HO during NR handover. In particular, we have made the following proposals on simultaneous Tx/Rx:
Proposal 1: Configuration on CORESET, search space and the maximum number of PDCCH blind decoding for simultaneous PDCCH reception from source and target cells follows the agreements in multi-TRP.
Proposal 2:  For FR1-FR1 intra-frequency asynchronous scenario and FR1-FR1 inter-frequency intra-band asynchronous scenario,
· Simultaneous Rx is possible for UEs with separate Rx chains.
· Simultaneous Tx is not possible for UEs with single Tx chain and is FFS for UEs with ULCA capability.
Proposal 3: Simultaneous Tx/Rx is UE capability for a source/target band combination.

On RACH-less HO, the following proposals have been made:
Proposal 4: 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 5: 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 6: Define PUSCH occasion for PUSCH transmission in multi-beam deployments.
Proposal 7: RACH-less HO supports PUSCH repetition.
Proposal 8: Discuss PUSCH configuration on numerology, waveform and MCS.
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