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Introduction
In RAN#80 in June 2018, a new WI was approved [1] to further enhance NR mobility, targeting 0 ms interruption time during handover as well as improved mobility robustness. One of the objectives of the Work Item is to study solution(s) to reduce interruption time during HO/SCG change with a focus on the following solutions:
· Handover/SCG change with simultaneous connectivity with source cell and target cell;
· Make-before-break;
· RACH-less handover.
RACH-less handover/SCG change was introduced as part of the mobility enhancements in LTE Rel-14 and consists of that Msg1 and Msg2 are skipped in the target cell. The UE’s first transmission in the target cell is instead the message confirming the completion of the handover, i.e. what is normally transmitted as Msg3 in a regular RACH-based handover. In LTE Rel-14, the UL grants for the Msg3 transmission are either pre-allocated in the RRCConnectionReconfiguration message or configured using PDCCH scheduling in the target cell. It is not possible to achieve a 0 ms interruption time through a RACH-less handover (or SCG change) on its own, but it can be used to decrease the interruption time in some scenarios. 
In a normal access procedure (and handover) in NR, the UE selects a DL beam and uses the RACH resources that correspond to that DL beam for the Msg1 transmission. In this contribution we discuss aspects related to beams for RACH-less handover, for the case it is to be introduced in NR.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
Contention Free Random Access at normal handover
For a normal handover in NR (reconfiguration with sync), the network may configure Contention Free Random Access resources for the target cell in the HO Command. This is done by inclusion of CFRA resources for one or some of the beams (SSBs or CSI-RSs) in RACH-ConfigDedicated. The UE then performs CFRA to the target cell using any of the SSBs or CSI-RSs with CFRA resources that has SS-RSRP above rsrp-ThresholdSSB or CSI-RSRP above rsrp-ThresholdCSI-RS, respectively. If none of the beams for which CFRA has been configured fulfill the signal strength criteria, the UE instead performs a CBRA on another beam that fulfills the signal strength criteria.
This can e.g. be seen in 38.321, sub-clause 5.1.2:
[bookmark: _Toc5722085]5.1.2	Random Access Resource selection
…
1>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>	else (i.e. for the contention-based Random Access preamble selection):
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
…
NOTE:	When the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement.

1. [bookmark: _Toc16684406]At a normal handover in NR, the UE may be configured with CFRA for one or some beams. If none of those beams fulfill the configured signal strength criteria, the UE uses CBRA on a different beam.

Beam aspects for RACH-less HO configuration
At a normal RACH procedure, the UE selects a DL beam and transmits Msg1 using the corresponding PRACH resources. The network may then, based on the resources used for Msg1, determine the selected DL beam and transmit Msg2 correspondingly. The gNB thus typically performs RX beam sweeping for the PRACH, which can be short. However, to perform RX beam sweeping for other transmissions, such as Msg3 which is transmitted during an entire slot, would cause a large overhead.
For a RACH-less handover, to separate UL grants per DL beam would lead to an additional overhead since it means that there then would be configured UL grants that the UE would simply not use since they are mapped to a different DL beam than the one selected by the UE. It would also increase the interruption time since the UE would need to wait for the “correct” UL grant before transmitting in the target cell and it may have a negative impact on the success rate for the Msg3 transmission compared to if the UE is transmitting in each allocated UL grant.
If a RACH-less handover is configured with pre-allocated UL grants, the UE should transmit in those UL grants using a TX beam that is directed towards the gNB (using e.g. beam correspondence). The possibility for the network to receive the Msg3 transmission depends on the characteristics of the gNB and the possible locations of the UE. If the gNB only supports analogue RX beamforming, it would need to perform RX sweeping in the pre-allocated resources in order to receive the transmission if the UE may use the pre-allocated UL grants independent on its position (i.e. selected DL beam). This would then cause longer interruptions and repetitions of the first message transmission from the UE in the target cell.
[bookmark: _GoBack]In case RACH-less handover is configured using PDCCH scheduling of UL grants, the target gNB will instead need to transmit the corresponding PDCCH in the direction where the UE is located, in order to reach the UE. If the position of the UE is not known on single DL beam level, the gNB would then need to perform sweeping of those transmissions in different DL beams, with a resulting increase in interruption time during the handover.
It should thus be possible to limit the RACH-less configuration to a single (or a few) DL beams. In a case where the UE ends up in a different DL beam, without RACH-less HO configuration, it should then use the RACH procedure instead. This is similar to the CFRA configuration in a normal HO, as described above. Since the best DL beam can be determined from the UE’s measurement results from the target cell (before the handover decision), and this can be indicated to the target gNB in the XnAP Handover Request message, it is possible for the target gNB to determine what beam(s) to include in the RACH-less configuration. All the pre-allocated UL grants should then be valid for transmission of the Msg3 as long as the RACH-less configuration is valid for the selected DL beam. The pre-allocated UL grants are thus not configured separately for different DL beams.
Just as for normal RACH, we think that it then should be possible to map several DL beams to the same pre-allocated UL grant at RACH-less HO. In order for the gNB to determine the selected DL beam and perform the corresponding DL transmissions accordingly, information about the selected DL beam should then be included in the Msg3. The inclusion of such information in Msg3 should then be based on the configuration that the UE receives from the target gNB.
1. [bookmark: _Toc16684407]A gNB supporting only analogue RX beamforming may need to perform RX beam sweeping in the pre-allocated UL grants to receive the transmission of the RRCReconfigurationComplete message from the different directions where the UE may be located.
1. [bookmark: _Toc16684408]PDCCH scheduling of UL grants will need to be transmitted in each direction (beam) where the UE may be located.
[bookmark: _Toc536602830][bookmark: _Toc536621059][bookmark: _Toc536621995][bookmark: _Toc275964][bookmark: _Toc423998][bookmark: _Toc429833][bookmark: _Toc796362][bookmark: _Toc799828][bookmark: _Toc964534][bookmark: _Toc970856][bookmark: _Toc976081][bookmark: _Toc976569][bookmark: _Toc1033760][bookmark: _Toc7018652][bookmark: _Toc7093242][bookmark: _Toc7093681][bookmark: _Toc7268135][bookmark: _Toc7280110][bookmark: _Toc7281621][bookmark: _Toc7698752][bookmark: _Toc7703773][bookmark: _Toc7704663][bookmark: _Toc16084892][bookmark: _Toc16670289][bookmark: _Toc16670552][bookmark: _Toc16672866][bookmark: _Toc16684378][bookmark: _Toc16684409][bookmark: _Toc16684458]If RACH-less HO is introduced in NR, it should be possible to limit the validity of the RACH-less HO configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO configuration, it uses the RACH-procedure there.
[bookmark: _Toc7281622][bookmark: _Toc7698753][bookmark: _Toc7703774][bookmark: _Toc7704664][bookmark: _Toc16084893][bookmark: _Toc16670290][bookmark: _Toc16670553][bookmark: _Toc16672867][bookmark: _Toc16684379][bookmark: _Toc16684410][bookmark: _Toc16684459]If RACH-less HO is introduced in NR, all the pre-allocated UL grants should be valid for the Msg3 transmission (as long as the RACH-less configuration is valid for the selected DL beam).
[bookmark: _Toc16084894][bookmark: _Toc16670291][bookmark: _Toc16670554][bookmark: _Toc16672868][bookmark: _Toc16684380][bookmark: _Toc16684411][bookmark: _Toc16684460]The UE should include information about the selected DL beam in Msg3, if so configured by the target gNB.

Conclusion
In the previous sections we have made the following observations:
Observation 1	At a normal handover in NR, the UE may be configured with CFRA for one or some beams. If none of those beams fulfill the configured signal strength criteria, the UE uses CBRA on a different beam.
Observation 2	A gNB supporting only analogue RX beamforming may need to perform RX beam sweeping in the pre-allocated UL grants to receive the transmission of the RRCReconfigurationComplete message from the different directions where the UE may be located.
Observation 3	PDCCH scheduling of UL grants will need to be transmitted in each direction (beam) where the UE may be located.
Based on the discussion in the previous sections we propose the following:
Proposal 1	If RACH-less HO is introduced in NR, it should be possible to limit the validity of the RACH-less HO configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO configuration, it uses the RACH-procedure there.
Proposal 2	If RACH-less HO is introduced in NR, all the pre-allocated UL grants should be valid for the Msg3 transmission (as long as the RACH-less configuration is valid for the selected DL beam).
Proposal 3	The UE should include information about the selected DL beam in Msg3, if so configured by the target gNB.
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