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1	Introduction
In RAN1#96, the following conclusion was made:
Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

In this contribution, we discuss the physical layer aspects of RACH-less mobility.
[bookmark: _Ref178064866]2	Discussion
In normal handover, the network uses Msg1 for derive a new timing advance, and also to determine the Tx beam for Msg2 and subsequent downlink transmissions. Msg2 contains the UL grant for Msg3 and also a new timing advance value.
In RACH-less HO/SCG change, Msg1 and Msg2 in the target cell are skipped. Instead, the first transmission in the target cell is Msg3. The signalling diagram for RACH-less HO is depicted in Figure 1. RACH-less HO was standardized for LTE in Rel-14.
[image: ]
[bookmark: _Ref4485206]Figure 1: RACH-less handover. The first message in the target cell is Msg3.

2.1	Timing advance for target cell
In normal handover, the NW estimates the timing advance (TA) from Msg1. A suitable TA value is then conveyed to the UE in Msg2 and used for the subsequent UL transmissions.
With RACH-less handover, this is not possible: there is no Msg1 that can be used to determine the TA, and there is no Msg2 that can be used to convey a TA value that would be used for transmission of Msg3.
In LTE RACH-less HO, there are two possible values for TA in the new cell: either the TA is the same as in the source, or TA=0. Using either of these values provides limitations in the cell sizes that can be handled: if the same TA is used, then it is assumed that the propagation delay (i.e. the distance) is the same between the UE and the source and target cells. With TA=0, it is assumed that the target cell is small.
During the LTE RACH-less HO specification, there was a discussion to also allow autonomous update of the TA during HO. In the reply LS [2], RAN4 stated that the legacy accuracy requirements for uplink timing alignment, i.e. the accuracy of TA for initial uplink transmission would not suffice to handle the autonomous update of the TA. 
In the beam management context, the UE may be signalled a new TCI state to be used as QCL reference for the reception of, e.g., PDCCH. The TCI state contains one or two reference signals, where the first reference signal provides the synchronization information, i.e., QCL Type A/B/C. In case that the synchronization source changes, the propagation delay may also change. For this case, RAN4 recently agreed that the UE may autonomously perform a larger change of the TA [3]. The exact conditions for this change are still open. In this case, the accuracy was deemed acceptable. It would seem that at least in some cases, the RACH-less HO is very similar to a beam switch with respect to timing adjustments.
The relation between these two RAN4 statements are no fully clear to us. What is clear is that if RACH-less HO is limited to TA=0 or same TA as in the source cell, the situations where RACH-less handover is applicable would be quite scarce. Therefore, we propose
[bookmark: _Toc4766598]Further investigate the possibility for the UE to perform autonomous TA adjustment before transmitting Msg3 in the target cell.
2.2	UL grants configuration and Tx/Rx beam related aspects
Since there is no Msg2 transmitted in the target cell, the UE must be provided with the UL resources in another way. For LTE, two different ways have been specified:
· Preschedule UL resources in the RRC reconfiguration message.
· Dynamically schedule UL resources using PDCCH in target cell
[bookmark: _GoBack]So far, the only physical layer aspects are related to the beam formed reception and transmission. This is true for both allocation methods.
In normal handover, the UE selects the best DL beam based on measurements performed just before the transmission of Msg1. Based on the best DL beam, the UE determines the RACH resource, and its Tx beam. The selected DL reference signal (beam) may be different from the beam(s) that triggered the neighbour cell report. Hence, the NW may not know which RACH resource the UE selects. It was possible to allow this flexibility since there are typically many RACH opportunities in the target cell, each corresponding to a different beam. 
The gNB sweeps its Rx beam in a pattern that is determined by the sweeping of the DL signal, either SSB or CSI-RS. Based on the received Msg1, the gNB determines which DL RS (beam) the UE preferred, and uses that for subsequent transmission of all DL signals until TCI states are configured/activated. The UE uses the spatial properties of Msg1 also to transmit any UL signals until instructed otherwise. The spatial properties of all signals are thus derived from the properties of the Msg1 transmission.
However, Rx beam sweeping in the gNB is typically only performed for PRACH, since it results in a large overhead. For PRACH, this can still be acceptable since the PRACH transmissions can be short. However, Msg3 is transmitted during an entire slot, which would cause a large overhead. Thus, for RACH-less handover, sweeping of the gNB Rx beam to receive Msg3 should be avoided:
[bookmark: _Ref4499407][bookmark: _Toc4766597]Rx beam sweeping at the gNB should not be required to receive Msg3. 
Considering Observation 1, we realize that the UE cannot be allowed to freely choose its Tx beam for transmission of Msg3. Instead, the UE must be limited to using the Tx beam corresponding to the beam identified during the neighbour cell measurement. In the RAN1 specifications, the term ‘beam’ is not used. To specify the spatial characteristics of an UL transmission, the spatial relation concept is used. For RACH-less handover, we propose to reuse that concept also for Msg3:
[bookmark: _Hlk4574572][bookmark: _Toc4766599]To transmit Msg3, the UE shall use a spatial relation defined by a DL RS signalled by the NW.
The UE will use that spatial relation for all uplink transmissions until reconfigured/activated. Additionally, the UE may assume that any DL signals transmitted from the gNB are spatially QCL with that same DL RS:
[bookmark: _Hlk4574610][bookmark: _Toc4766600]Until reconfigured/activated, the UE may assume that all DL signals from the target gNB are quasi co-located with respect to QCL-TypeA, and QCL-TypeD properties with a DL RS signalled by the NW. 
Thus, the UE will use the signalled RS both for DL reception and UL transmission.
2.3	Other aspects
In the normal handover procedure, the UE determines the PRACH transmit power using the procedure described in section 7.4 in [1]. For Msg3, there is a special power control adjustment included in the UL grant transmitted in Msg2, as described in 8.2 in [1]. This field enables the NW to adjust the Msg3 Tx power relative to the Msg1 power.
For RACH-less handover, there is no Msg2 and no possibility to adjust the Msg3 Tx power relative to the Msg1 Tx power. Instead, the Msg3 transmission would have to rely on the default PUSCH power control.
[bookmark: _Hlk4574669][bookmark: _Toc4766601]The Msg3 Tx power is determined using the PUSCH power control rules specified in section 7.1.1. in [1] using the RS used for QCL assumptions and spatial relation determination as pathloss reference RS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Rx beam sweeping at the gNB should not be required to receive Msg3.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Further investigate the possibility for the UE to perform autonomous TA adjustment before transmitting Msg3 in the target cell.
Proposal 2	To transmit Msg3, the UE shall use a spatial relation defined by a DL RS signalled by the NW.
Proposal 3	Until reconfigured/activated, the UE may assume that all DL signals from the target gNB are quasi co-located with respect to QCL-TypeA, and QCL-TypeD properties with a DL RS signalled by the NW.
Proposal 4	The Msg3 Tx power is determined using the PUSCH power control rules specified in section 7.1.1. in [1] using the RS used for QCL assumptions and spatial relation determination as pathloss reference RS.
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