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1 Introduction
According to NR SI progress on the HO and measurement mechanism in HF multi-beam scenario, it can be seen that some specific beam information within one cell can be provide in the measurement report and HO command, which could bring benefit on shortening HO latency and improving the resource utilization. 
This contribution gives further consideration on the beam info usage during the HO procedure. This discussion is also applicable in NR SCG change procedure in NSA. 
2 Discussion
2.1 Background 
During NR SI phase, there are some progress on beam and HO. 

1) For beam measurement, the following points can be learned in TR 38.804 (section 5.5.4). 
· About measurement report
· Measurement report contains at least cell level measurement results;
· Measurement report may contain the measurement results of the N best beams if the UE is configured to do so by the gNB;
· About measurement configuration and measured RS in connected mode
· A UE in RRC_CONNECTED should be able to perform RRM measurements on always on idle RS (e.g. NR-PSS/SSS) and/or CSI-RS;
· The event triggered reporting can be configured for NR-PSS/SSS and for CSI-RS for RRM measurements. 
· At least, Even A1 to A6 can be configured for NR-PSS/SSS.
· About measurement and HO
· In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure.
· The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells.
2) For HO, the following points can be learned from TR 38.804 (section 10.1.2):
· Handover signalling procedures adopt the same principle as Rel-13 LTE as specified in TS 36.300 [3]
· The access information to the target cell may include beam specific information, if any.
2.2 Further consideration

Based the NR SI progress, there are two points further discussion on the beam usage during mobility. 
· Point 1: How to use the beam info provided in measurement report for the configuration in target cell?
UE can provide beam info in the measurement report of neighbor cell to the source gNB, and following is the potential methods on the beam info in MR and usage in the target cell:
· Method 1: Measurement report triggered by event A3 (idle RS type), and beam info is derived from the idle RS measurement;
If UE can obtain the good beam info from idle RS measurement, then UE can piggyback the beam info with cell quality in measurement report. 
The beam info is for idle RS in the target cell, and the usage of the target gNB on it is that

· Select the beam specific RACH configuration for UE’s first access to the target cell,

· Select the beam specific dedicated configuration for data transmission, if there is some linkage (conversion) between the beam of CSI-RS and Idle RS. 
· Method 2: Measurement report triggered by event A3 (idle RS type), and beam info is derived from the CSI-RS which belongs to the cell;
In case of both measurement of idle RS and CSI-RS configured on the non serving cell, UE can include the beam info based on CSI-RS measurement in the measurement report triggered by event A3;
The beam info is for CSI-RS in the target cell, and how the info may be used by the target gNB.
· Select the beam specific dedicated configuration for data transmission;
· Select the beam specific RACH configuration for UE’s first access to the target cell, if there is some linkage (conversion) between the beam of CSI-RS and Idle RS. 
· Method 3: Measurement report triggered by event C1/C2 (CSI-RS type), and beam info is derived from the CSI-RS which belongs to the cell;
If the MR is triggered by C1/C2, then if the corresponding CSI-RS is from the non-serving cell, then UE can piggyback that cell’s cell quality in the measurement report (note: we assume the legacy LTE C1/C2 measurement report is reused in NR). 
The beam info is for CSI-RS in target cell, and the usage of the target gNB is that

· Select the beam specific dedicated configuration for data transmission;

· Select the beam specific RACH configuration for UE’s first access to the target cell, if there is some linkage (conversion) between the beam of CSI-RS and Idle RS. 

In general, whatever the beam info provided in measurement reports whether it is based on idle RS or CSI-RS, the target gNB could used the beam measurement information when configuring the UE specific configuration.  
Proposal 1: Take above three methods into account on measurement report design.
Proposal 2: Forward the beam info in the measurement report of the target cell in the HO request message to the target gNB. 
· Point 2: How to perform the beam based RA procedure in the target cell?

In [2], it was discussed on which beam is used for RA procedure in target cell and fallback mechanism on the RA failure in case of the select beam is unsuitable. Since there is no progress on this issue, here we further clarify our understanding on it. 
In case of dedicated RA configuration for one or more beam provided in HO command, there are two options for UE to perform the RA:
· Option 1: UE performs RA on all the beams simultaneously
UE transmits the same preamble on all the RACH resource provided in the HO command; and the procedure is same as that of multiple preamble transmission design, which is discussed in RAN1. 

· Option 2: UE performs RA on the best beam, and switch to another beam if it is failed
UE can perform RA on the best beam which is based on UE knowledge, and upon failure UE can switch the beam for preamble retransmission within one RA procedure. The model is similar as the CE level change during the RA procedure in LTE eMTC.  
Proposal 3: Take above two options of RA procedure into account on CFRA procedure design at least during HO. 
Since the HO failure is detected upon HO timer expiry, if HO timer is still running but CFRA reaches the max preamble retransmission number, UE should allow selecting the beam which is out of the RA beam set provided in HO command to trigger the CBRA. 
Proposal 4: In case of CFRA failure, UE can perform the CBRA if the current best beam is out of the dedicated RACH resource provided in HO command. 
In current SCG change case, if RA failure then the SCG change is failed. So for the NSA NR SCG change case, it is unnecessary to change this procedure. 
Proposal 5: In case of RA failure during SCG change, SCG change procedure is regarded as failure. 
3 Conclusion

According to the analysis in section 2, it is proposed that:
Proposal 1: Take above three methods into account on measurement report design.
Proposal 2: Forward the beam info in the measurement report of the target cell in the HO request message to the target gNB. 
Proposal 3: Take above two options of RA procedure into account on CFRA procedure design at least during HO. 
Proposal 4: In case of CFRA failure, UE can perform the CBRA if the current best beam is out of the dedicated RACH resource provided in HO command. 
Proposal 5: In case of RA failure during SCG change, SCG change procedure is regarded as failure. 
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5.5.4
Measurements

 For the cell level mobility driven by RRC described in sub-clause 10.1.2, the baseline of the RRM measurement framework for DL is the one specified for LTE (measurement object, measurement ID, reporting configuration) as specified in TS 36.331 [6]. The DL RRM measurement should be performed based on a common framework regardless of network and UE beam configurations (e.g. number of beams). As for the event triggered reporting, Event A1 to A6 like the ones specified for LTE are at least to be supported with potential modifications. Other events may also be studied for NR. Measurement report contains at least cell level measurement results.
A UE in RRC_CONNECTED should be able to perform RRM measurements on always on idle RS (e.g. NR-PSS/SSS) and/or CSI-RS. The gNB should be able to configure RRM measurements via dedicated signalling to be performed on CSI-RS and/or idle RS. The event triggered reporting can be configured for NR-PSS/SSS and for CSI-RS for RRM measurements. At least, Even A1 to A6 can be configured for NR-PSS/SSS.

NOTE 1:
It is FFS which events can be configured for CSI-RS.

In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure. The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells. The UE should be able to learn if a beam is coming from its serving cell. Cell level signalling quality for the DL RRM measurement can be derived from N best beams, if detected, where the value of N can be configured to 1 or more than 1. This does not preclude the DL RRM measurement on a single beam. Measurement report may contain the measurement results of the N best beams if the UE is configured to do so by the gNB.

NOTE 2:
It is FFS on details of filtering to be applied, and how the quality of the serving cell is determined (e.g. from serving beam only or cell quality).

NOTE 3:
It is FFS how to derive the cell level quality applies to both CSI-RS and idle RS and whether to only consider beams above a threshold (good beams).
5.1.1 10.1.2
Network controlled mobility

Network controlled mobility is applied for the UE in RRC_CONNECTED and is dealt with or without RRC. The RRC driven mobility is responsible for the cell level mobility, i.e. handover. Handover signalling procedures adopt the same principle as Rel-13 LTE as specified in TS 36.300 [3]. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 10.1.2-1:
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Figure 10.1.2-1:
Inter-gNB handover procedures

1
The source gNB initiates handover and issues a Handover Request over the Xn interface.
2
The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
3
The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.
4
The UE moves the RRC connection to the target gNB and replies the Handover Complete.
NOTE 1:
Further enhancements and modifications can be considered.
The handover mechanism driven by RRC requires the UE at least to reset the MAC entity if multi-connectivity is not configured for the UE. The handover with and without re-establishing the PDCP entity is supported, which is to be confirmed by SA3 whether handover without security key change is acceptable. In-sequence and lossless delivery without duplicates (from upper layer viewpoint) is supported for handover within NR.

NOTE 2:
It is FFS whether QoS flow can be remapped at handover and, if supported, whether the handover is lossless in this case.
For mobility without RRC, it is dealt with PHY and/or MAC on the beam or TRxP level. As such, intra-cell mobility can be handled by mobility without RRC. One gNB corresponds to one or many TRxPs.
NOTE 3:
It is FFS whether there may be cases for which intra-cell mobility needs to be handled by RRC.
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