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Introduction
[bookmark: _Hlk492027000]In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-222332 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items:

	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



In the first RAN1 meeting on Rel-18 LTM, i.e., RAN1 #110-bis-e [2], several issues were agreed to study including measurements, reporting, target cell beam indication, cell switch command, and candidate cell procedures to be performed before cell switch. In this contribution, we discuss and provide our additional views on these items. 
Discussion
L1 Measurements of Candidate Cell(s)
Scenarios

 RAN1 #110-bis-e: Agreement [2]
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point

RAN1 #110-bis-e: Agreement [2]
· For Rel-18 L1/L2 mobility, further study the potential RAN1 spec impact of L1 inter-frequency measurement 
· The definition and scenarios of L1 inter-frequency measurement is determined by RAN4, and RAN1 assumes at least the following until receiving their confirmation
· The scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
· At least the following aspect is studied:
· Commonality with L1 intra-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 would like to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
· It is RAN1 understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue
· Note: this content is included in the LS agreed for intra-frequency L1 measurement

The following relevant agreement was made in RAN2 #119b [3]: 
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1. 


In the last RAN1 meeting, RAN1 has agreed to support SSB as measurement RS for intra-frequency L1-RSRP measurements for candidate cells. RAN4 has defined requirements for L1-RSRP intra-frequency measurements using SSB(s) of a non-serving cell (a cell with different PCI from serving cell) [section 9.13, TS 38.133]. Following those requirements, Rel-17 inter-cell mTRP and beam management framework enables the configuration of SSB(s) of non-serving cell for the L1-RSRP measurements. This can be reused for Rel-18 LTM to enable L1-RSRP intra-frequency measurements on SSB(s) of candidate cell(s). 
Proposal 1: Rel-17 based L1 CSI configuration framework can be reused for Rel-18 LTM L1-RSRP intra-frequency measurements on SSB(s) of candidate cell(s) if there is no change in the RAN4 requirements for L1-RSRP intra-frequency measurements using SSB(s) for a non-serving cell. 
In the last meeting, RAN1 asked RAN4 for any further relaxation to Rel-17 L1-RSRP intra-frequency measurements using SSBs of non-serving cell, e.g., BWP setting, different SCS, etc. Typically, the scenarios which are not covered by intra-frequency measurements, are considered as inter-frequency measurements. However, there can be some scenarios, for example, when SSB is not completely contained in the active BWP or active BWP is not an initial downlink BWP, can be still considered as intra-frequency scenarios. Although in the current CSI measurement framework, CSI-ResourceConfig allows to configure SSBs/CSI-RSs on any configured BWP using bwp-ID, measurement gaps would be required for the UE to make measurements in such scenarios. This would require measurements gaps configuration on top of Rel-17 L1 CSI measurement configuration framework. But this issue can be handled after RAN4 confirmation on L1-RSRP intra-frequency measurements. 
Proposal 2: Any changes to Rel-17 based L1 CSI configuration framework, e.g., measurement gap configuration, to facilitate any relaxation to intra-frequency measurements can be discussed after RAN4 confirmation on intra-frequency measurements.
For the L1-RSRP intra-frequency measurements of candidate cell(s), if RAN1 agrees to support CSI-RS as measurement RS, RAN4 would need to define the requirements (currently RAN4 has defined requirement for only SSB based inter-cell L1-RSRP). This would be also the case for L1-SINR intra-frequency measurements using SSB or/and CSI-RS of candidate cell(s) as currently there are no RAN4 requirements for such scenarios. So far, L1-SINR measurement requirements have only been defined for a serving cell, including PCell, PSCell, or SCell. 
Observation 1: For the intra-frequency measurements of candidate cell(s), depending on the RAN1 agreements on supporting L1-RSRP using CSI-RS, or/and L1-SINR using SSB or CSI-RS, RAN4 would need to define the relevant requirements. 
For the inter-frequency measurements, typically RAN4 considers all the measurements not defined as an intra-frequency measurement. For such measurements, carrier frequency information needs to be provided (e.g., ARFCN-ValueNR, FreqBandIndicatorNR) along with other resource config information of the RS. Additionally, measurement gaps would also be required. This would require additional configuration changes on top of Rel-17 L1 CSI measurement configuration framework. But this issue can also be handled after RAN4 confirmation on inter-frequency measurements. Note than based on RAN1 agreements on L1-RSRP or/and L1-SINR using SSBs or/and CSI-RSs, RAN4 would need to define inter-frequency measurements requirements for each of the supported RAN1 scenario (e.g., L1-RSRP using SSB, L1-RSRP using CSI-RS, L1-SINR using SSB, L1-SINR using CSI-RS). 
Proposal 3: Any changes to Rel-17 based L1 CSI configuration framework to support inter-frequency measurements can be discussed after RAN4 confirmation on intra-frequency measurements.
Observation 2: For the inter-frequency measurements of candidate cell(s), depending on the RAN1 agreements on L1-RSRP or/and L1-SINR using SSBs or/and CSI-RSs, RAN4 would need to define inter-frequency measurements requirements for each of the supported RAN1 scenario (e.g., L1-RSRP using SSB, L1-RSRP using CSI-RS, L1-SINR using SSB, L1-SINR using CSI-RS). 
Measurement RS
 RAN1 #110-bis-e: Agreement [2]
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 

As the CSI-RS measurements can be performed over larger bandwidth with shorter periodicity and narrower beams, it would be beneficial to support measurements using CSI-RS of candidate cell(s). In Rel-17, NZP-CSI-RSs from non-serving cells are allowed to be configured but are not explicitly provided with the associated PCIs. Instead, it is done using QCL chain, where the associated PCI of an NZP-CSI-RS is derived based on the QCL source RS indicated by the qcl-InfoPeriodicCSI-RS where the source RS (SSB) up in the QCL chain can provide information on the associated non-serving cell (PCI). Therefore, CSI-RS can be supported as measurement RS for both intra and inter-frequency for Rel-18 LTM, and Rel-17 based CSI configuration framework can be reused. CSI-RS for beam management can supported as the starting point. Other types of CSI-RS can be studied and supported based on the progress on other agreements. For example, if early TRS or/and CSI measurements for a candidate cell are supported, then CSI-RS for tracking, CSI can be supported as well. Similarly, CSI-IM can be discussed if L1-SINR is supported.  
Proposal 4: CSI-RS for beam management can be supported L1 measurement RS for candidate cell as the starting point. 
Proposal 5: To configure the NZP-CSI-RS measurements from candidate cell, reuse the Rel-17 principle of QCL chain for associating NZP-CSI-RSs with specific PCI.
One concern with CSI-RS measurements of a candidate cell can be the relevant configuration of CSI-RSs for the UE. As the CSI-RSs are not always-on signals like SSBs and are typically configured for the connected UEs. Without any additional information of the UE (e.g., location), after receiving the request from the serving cell (via CU), the candidate cell either provides the CSI-RS configuration which may have CSI-RS in the directions not relevant to the serving cell’s measuring UE or may configure CSI-RS in all possible directions which would incur unnecessary network overhead, and also UE may need to perform measurements on a larger set of CSI-RSs than needed. There can be multiple ways to handle this issue, 
1) Only the relevant CSI-RS indices are configured to the UE - the UE first can only be configured with SSB measurements, then based on the SSB measurement reporting, the serving cell can request the target cell to configure relevant CSI-RSs (e.g., associated with the strongest SSBs). After this, the UE can be configured to measure CSI-RSs received from the target cell, or
2) The UE can be configured with both SSBs and a larger set of CSI-RS of candidate cells, but it can select a subset of CSI-RSs to perform measurements based on its SSB measurements. For example, it can only perform measurements with CSI-RSs associated with the strongest measured SSB or only the CSI-RS that are associated with an SSBs, and the SSBs that UE has detected. 
Observation 3: Without any additional information of the UE (e.g., location), after receiving the request from the serving cell (via CU), candidate cell’s CSI-RS configuration may not contain CSI-RSs relevant for the measuring UE. 
Proposal 6: If CSI-RS measurements with a candidate cell are supported, RAN1 to study mechanism(s) to configure or/and measure CSI-RSs of candidate cell relevant to the measuring UE.
Measurement quantity
RAN1 #110-bis-e: Agreement [2]
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.

L1-RSRP should be supported for both intra and inter-frequency scenarios. For a L1-SINR measurement, it typically requires a RS (SSB/CSI-RS) configuration for the channel measurement resource (CMR) and a RS (SSB/CSI-RS) configuration for interference measurement resource (IMR). For example, to make a LI-SINR measurement for a candidate cell, channel measurement would be from this candidate cell, however, for interference measurement, it may require the knowledge of RS configuration of all other cells in the vicinity of the UE. In the Rel-18 LTM preparation phase, CU would have access to RS configurations of selected candidate cells and serving cell, hence it may configure appropriate resources to measure interference coming from all the candidate cells and serving cell which is associated with the channel measurement. This might be sufficient as the candidate cells would typically be selected with which the UE has a DL link with a minimum quality threshold. All other cells measured by the UE with which the UE does not have a DL link with a minimum quality may not create significant interference and can be ignored.
Observation 4: For a L1-SINR measurement, CU can make appropriate CMR and IMR configuration using serving and all the selected candidate cells’ s RS configuration information.
Proposal 7: L1-RSRP should be supported for both intra and inter-frequency scenarios.
Proposal 8: L1-SINR can also be supported as the CU can make appropriate CMR and IMR configuration using serving and all the selected candidate cells’ RS configuration information. 
For the UL measurements, we prefer to first focus and develop a framework based on the DL measurements. The UL measurement based LTM should be FFS as its advantage in comparison to DL measurement based LTM is not clear, and a parallel treatment of both DL and UL measurement based framework would not be possible because of the limited TUs assigned for this topic. 
Proposal 9: RAN1 should first focus only on DL measurement based LTM framework. UL measurement based LTM may be studied later. 
Filtering for L1 measurements
For filtering of L1 measurements, following aspects were discussed in RAN1#110-bis-e to further study [2]: 
· study the importance of mitigating the ping-pong issue for L1/L2 mobility
· If ping-pong is an important issue, further study at least the following mitigation aspects:
· UE-based filtering, e.g., time domain filtering, cell-level (spatial domain) filtering
· Applicability to L1-RSRP and L1-SINR (if supported)
· Applicability to intra-frequency and inter-frequency (if supported)
· Necessity to be specified in standard considering the presence of alternative implementation-based solutions, e.g. gNB-based filtering and/or L3 measurement (when involved)
The following relevant agreement was made in RAN2 #119b [3]: 
RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 

No agreement was made in RAN1 on this issue due to the ambiguity on which WG would perform the study to show the importance of avoiding ping-pong issue.
Given that L1 beam measurements follow more the channel variations than L3 measurements, i.e., L3 filtering introduces delay to L3 measurements, the network can react faster to serving cell signal strength degradations by handing over the UE to another cell. This ensures that the UE is served with the best radio link. However, this comes at the expense of an increase in the number of ping-pongs between cells (forth and back handovers due to fast reaction to temporal changes in the L1 measurements). 
As previously captured in our RAN2 contribution [5], LTM suffers from increased number of ping-pongs. In the following we compare the performance of LTM with and without filtering of L1 beam measurements. Specifically, we consider two cases: 
1) LTM without filtering (marked as L1 in Figure 1), where the decision to trigger the cell change is based on the L1 beam measurements, i.e., trigger the handover if L1 beam measurement of target cell is 3 dB better than that of serving cell, and, 
2) LTM with filtering (marked as L1-F in Figure 1), where the decision to trigger the cell change is based on filtered L1 beam measurements, i.e., trigger the handover if the filtered L1 beam measurement of the target cell is 3 dB better than that of the serving cell). In this case, additional filtering is applied by MAC to L1 beam measurements (similar to L3 filtering).
The simulations are generated for a network in FR1 with a 3GPP compliant three-sector Urban Macro scenario with 200 meters Inter-site distance (ISD). The network consists of 7 sites with three cells per each site. The users are dropped randomly with 20 UEs per cell and they are moving in a random direction along straight lines with constant speed of 60 km/h. The further details of the simulation scenarios and assumptions can be found in appendix.
As handover preparation delay, 40 ms has been used and the candidate cells are prepared early using L3 filtered measurements (IIR filter). The cell preparation is initiated if the L3 cell quality cell measurement of a candidate cell is weaker than the serving cell quality by at most 1 dB margin – TTT for the A3 preparation event is 160 ms. For LTM, UE can only report the L1-RSRP of the prepared candidate cells and the network can send a lower layer message to trigger the cell change to one of the prepared candidate cells. The interruption time for L1/L2 is set to 1 ms [4], assuming that UE has decoded all the RRC configurations of the target cell beforehand and UE does not need to perform TA acquisition after the cell switch command is received. Note that for the LTM no TTT is considered. 
The mobility performance of L1 LTM (without filtering) and L1-F LTM is presented in Figure 1 with respect to normalized number of a) ping-pongs (PPs), i.e., back-and-forth handovers to same cell within short time, b) radio link failures (RLFs), and c) radio link problems (RLPs), i.e., reception of out-of-sync indications from lower layer.  
As expected, L1 LTM (without filtering) has a high number of ping pongs due to the use of L1 measurements for mobility decisions. When IIR filtering is performed for L1 beam measurements, the number of ping pongs achieved by L1-F LTM is significantly reduced, i.e., almost a reduction of 36% compared to L1 LTM (without filtering) as shown in Figure 1-a. At the same time L1 LTM and L1-F LTM perform similarly in terms of RLF and RLP (Figure 1-b,c) 
Observation 5: Filtering the L1 beam measurements can decrease the number of ping-pongs substantially for LTM.
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[bookmark: _Ref118391743]Figure 1 Performance evaluation of L1 LTM and L1-F LTM with respect to (a) Ping pongs, (b) RLFs, and (c) RLPs
The higher number of ping-pongs increases the signalling overhead, specially when the target cell is controlled by a DU that is different from the one serving the UE. For instance, the source DU may need to communicate with the target DU (via the CU) before/upon cell switch, e.g., to obtain the RS measurement configuration, and the path needs to be switched from the source cell to the new target cell, etc. Further in case of inter-DU LTM, RLC/MAC need to be re-established and PDCP recovery shall be enabled to re-transmit the PDCP SDU that have not been acknowledged by the UE. As such, high number of inter-DU ping-pongs would increase the latency in re-transmitting the pending packets. This may not be issue for intra-DU where the same RLC/MAC are controlled by the same DU. Therefore, the cost of ping-pong is higher for inter-DU than intra-DU case in terms of signalling overhead and latency in re-transmitting the pending packets.
Observation 6: The cost of ping-pong is higher for inter-DU than intra-DU case in terms of signalling overhead and latency in re-transmitting the pending packets.
One way to solve the above issue is to use different filtering configurations for the measurements performed with candidate cells of different DU compared to the candidate cells of the serving DU. This may be performed either at the UE or at the network side as discussed above. In case of UE side filtering, multiple configurations can be given to the UE to apply for different groups of cells, i.e., candidate cells that are controlled by serving DU or different DU.  
Proposal 10: Different L1 filtering configurations are supported for different groups of cells, where one group can contain the candidate cells belong to serving DU and another group can contain the candidate cells belong to different DU than the serving DU.  

Configuration of L1 measurement
For the configuration of L1 measurements, following aspects were discussed in RAN1 #110-e to further study [2]:
· Whether to change the maximum number of additional cells (i.e., candidate cells), which is 7 for Rel-17 ICBM (Note: this includes the concept not to indicate any PCIs for L1 measurement)
· Whether to change the maximum number of RSs associated with each candidate cell that can be configured for L1 measurement, which is 64 for Rel-17 ICBM (Note: this includes the concept not to indicate any RSs for L1 measurement)
· Whether the RSs for the measurement per candidate cell is configured under the corresponding candidate cell, or under the serving cell configuring the L1 measurement/report
· Whether to introduce enhancements for L1 measurement to avoid a large amount of active measurement configurations or frequent reconfiguration, e.g. MAC CE to activate/deactivate beam(s)/cell(s) for L1 measurement
· How to accommodate L1 inter-frequency measurement (if agreed) 
· FFS until LS reply from RAN2 and 3 is received: Whether and how to ensure the commonality of the configuration between intra- and inter-DU case. 
· Information required for configuring the measurement RS.

The current L1 reporting framework has limitation regarding the number of configured reference signals, i.e., currently based on UE capability the maximum number of reference signals that can be configured for UE to measure is up to 64. In Rel-17 ICBM based framework up to 8 PCIs (each having potentially up to 64 SSBs ) may be configured for L1 measurements. If the same framework is used for Rel-18 LTM, further mechanisms may be needed to configure/update the UE with specific set of reported SSBs, e.g., remove/or add RS indices, due to UE mobility. Continuous update of the CSI resource set by means of RRC Reconfiguration is costly in terms of signalling overhead and delay. In one option, if the UE can be configured to use L1 reporting of DL RS that are not explicitly configured, new L1 reporting format would be needed. In any case, the UE capability limitation would still potentially apply, if the reporting is assumed be in beam management framework.
Observation 7: If the UE can be configured to report DL RS that are not explicitly configured, the L1 reporting format would need to include PCI(s) to associate the reported RS(s).
Alternatively, CSI measurement resources in all the candidate cells are configured towards UE as larger set for LTM. Only a subset of these resources is activated for measurements at given time for measurement reporting. This subset can be called an active set. DU/CU can modify the active set (e.g., via MAC-CE) for L1 measurement reporting based on, e.g., the latest L3 measurement events reported from UE.
Proposal 11: Consider mechanisms to activate subset of configured set of reference signals/reporting configurations to be active for L1 reporting of LTM candidate cells.
L1 Measurement Reporting
Legacy reporting
RAN1 #110-bis-e: Agreement [2]
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE\
· Both gNB scheduled and/or UE initiated (if supported) report are studied.

In our view, all the time types (aperiodic, semi-persistent, periodic) of CSI measurement/reporting should be supported for Rel-18 LTM, since it uses lower layer mechanism to determine whether to switch the UE to new target cell. It would be up to network implementation to determine which type to configure. 
Proposal 12: Support all the CSI reporting time types for Rel-18 LTM: aperiodic, semi-persistent, periodic.
In Rel-17, RAN1 had a lengthy discussion whether the max number of reported RS in a single reporting instance, should be increased due to the increase of number of PCIs associated with the measured RS but settled on 4 (candidate values being discussed was up to 16). In practice, the increase of maximum number of reported RS may not provide additional benefit since the network typically decides on cell switch/handover based on the highest reported RSs of a cell.
Proposal 13: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
For the inter-frequency measurement reporting, it may depend on the overall reporting configuration to include inter-frequency measurements. If a CSI report config is configured specially for a specific frequency, then another explicit identifier for the frequency may not be needed in the report. Alternatively, if a CSI report config is not configured for a specific frequency measurement or configured for more than one frequency then the L1 reporting format reporting format would need to include frequency identifier to associate the reported RS(s). 
Proposal 14: To support inter-frequency measurements, a frequency identifier is needed either in the CSI report config or in the L1 reporting. 
L1 event triggered reporting
In RAN1 #110bis-e, the following proposal on L1 event triggered reporting was almost agreed by most of the companies but was not agreed due to the lack of review time [2]. 

· For L1 measurement report for Rel-18 L1/L2 mobility, interested companies are encouraged to further study whether UE/event triggered report for L1 measurement results is supported, and the detailed design if supported 
· At least the following aspects may be considered in the companies’ proposal
· Exact definition of events, e.g. events defined for L3 event triggered report as a starting point, or new event(s)
· Report container i.e. UCI transmitted on PUCCH or PUSCH and/or MAC CE etc.
· Resource allocation/assignment for UE/event triggered report e.g. resource is allocated in advance, requested when the condition is met, and/or activated when the condition is met, resource acquired through random access etc. 
· Necessity of indication to gNB when the condition is met, and how
· Necessity to define the condition to start/stop the reporting, e.g. timer, time to trigger, the number of times the condition is met, and/or threshold to judge whether to start/stop reporting 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc. 
· The interaction with filtered L1 measurement results (if supported) , e.g., whether the UE/event triggered report is configured for filtered L1 measurement, or legacy L1 measurement without filtering.
· Support of simultaneous configuration of both UE/event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to a candidate cell.
· FFS: Benefit when L3 measurement is involved 
The following relevant agreement was made in RAN2 #119b [3]: 
· RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 

For the event-based reporting, the threshold-based mechanisms could be used. Firstly, whether or not UE performs (is required to perform) candidate cell L1 measurements, could be tied to the serving cell quality (as currently the L3 measurements). The candidate cell L1 measurement reporting could be configured with individual serving cell quality threshold and the threshold value is up for network to configure.
Proposal 15: UE is not required to perform L1 measurements on candidate cell(s) if the serving cell quality is above a threshold value. FFS same or separate threshold as for the L3 measurements.
Secondly, even though UE is configured to perform measurements (i.e. the reporting threshold condition based on the serving cell quality) it may not be feasible to perform measurements and periodic reporting on all the configured candidate cells. For this UE could be configured with an event. This way UE could indicate to network (directly or indirectly) which reporting configurations could be activated by the network. As a condition for the L1 measurement reporting configurations, a candidate cell beam threshold may be used, e.g., if at least one of the RSs listed in the measurement configuration is above a threshold, a condition is fulfilled.
Proposal 16: Condition to trigger for event-based reporting could be based on the candidate cell RS threshold. FFS whether the threshold is cell quality or based on at least one RS.
Proposal 17: In event-based reporting, UE provides an indication to network on which reporting configurations should be activated.
For Reporting format, as an example, one way to report the candidate cell beams could be to use combined serving and candidate cell beam report, e.g. when the UE is configured to report up to N=4 best beams in a reporting instance and it receives a network indication to report candidate cell beams, the UE may be configured to report up to N=2 beams for the serving cell and up to N=2 beams for associated candidate cell resource setting.
Proposal 18: Consider a reporting format/rule where serving cell and at least one candidate cell beams are reported in specific limits in the report.
As for provisioning of the event-based measurement report, the MAC CE should be used as other containers are not suitable for UE event based report generation, (PUCCH/PUSCH) and are more suitable for periodic or S/P reporting.
Proposal 19: For carrying payload for event-based report, MAC CE is used.
For the event triggered reporting, another study items brought up in the last meeting was the NW destination node of such report(s). Based on the common understanding in RAN2, L1 measurement reports are sent to the serving cell and based on those reports, the serving cell makes cell the decision of cell switch. Therefore, irrespective of reporting type, reports should be sent to the serving cell, unless the UE is in Rel-17 ICBM operation where UE-dedicated signals/channels are transmitted/received via a non-serving cell. Reporting to a Rel-18 LTM candidate cell when it is not an ICBM non-serving cell would require reservation of UL resources at the candidate cell for the reports to be sent by the UE, UE to disconnect from the serving cell to send the reports to the candidate cell, and inter-cell/DU coordination to make the measurement results available at the serving cell.    
Observation 8: Reporting to a LTM candidate cell when it is not an ICBM non-serving cell would require inter-cell/DU coordination to make the measurement results available at the serving cell and also reservation of UL resources at the candidate cell for the reports to be sent by the UE.
Proposal 20: L1 measurement reports for Rel-18 LTM are sent to the serving cell unless the UE is in Rel-17 ICBM operation where UE-dedicated signals/channels are transmitted/received via a non-serving cell. 
If the RAN1 agrees to support both legacy (periodic/semi-persistent/aperiodic) and event triggered reporting, then in case of simultaneous configuration of event triggered reporting and any of legacy reporting types (periodic/semi-persistent/aperiodic), priority rules of CSI reports (Section 5.2.5, TS 38.214) need to be updated to take the event triggered reporting in account. 
Proposal 21: RAN1 to update the priority rules for CSI reports for Rel-18 LTM event triggered reporting if supported.
Beam Indication of Candidate Cell(s)
RAN1 #110bis-e Agreement [2]
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact.
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms

RAN1 #110bis-e Agreement [2]
· From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command
· Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.
The following relevant agreements were made in RAN2 #119b [3]:
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases).
A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index.
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.

It may be common to configure different cells with different TCI state framework (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use a different TCI state framework. One single TCI framework may not be able to be used for beam indication, e.g., in case the target cell (i.e., selected candidate cell for handover) tries to interpret the indicated TCI state based on its own (target cell) configured TCI state pools/lists. This should be taken into account while designing the Rel-18 LTM beam indication of candidate cell(s). 
Observation 9: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use a different TCI state framework.
Proposal 22: Beam indication for candidate cell(s) in Rel-18 LTM should be designed such that it can work for any TCI state framework – Option C is supported.
To enable that one of the potential simple approaches is to provide the UE before the cell switch at least a TCI state associated with the target cell which the UE can use to determine the DL RS indicated by the TCI state or the QCL source (i.e., SSB) of the RS indicated by the TCI state, without interpreting/mapping the TCI state ID to the target cell’s beam management configuration. This TCI state ID may refer to any TCI state framework (Rel-15 or Rel-17) associated with the target cell which may be configured to the UE in the handover pre-configuration phase. Alternatively, simply a QCL source RS associated with the target cell can be provided as a beam indication directly to the UE. 
The determined RS (e.g., DL RS), via the provided TCI state or QCL source RS, can be used by the UE after the cell switch for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell. The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell (BWP), but it can keep using the determined QCL assumption for monitoring/transmitting the DL/UL channels until it receives a new activation/beam indication from the new target cell. In one option, the UE could carry out the cell change related signalling using the QCL assumption associated with the mobility trigger. With this UE may be able to assume the QCL information of a TCI State for a target cell, before the target cell actually indicates UE to apply a TCI state. In other words, the UE does not need to be pre-activated with TCI States that it applies upon handover/cell switch, i.e., the beam indication does not have to refer to a candidate RRC configuration that is not yet active (before the handover). This could relax UE implementation requirements and simplify network signalling.
Proposal 23: In Rel-18 LTM, at least a TCI state or a QCL source RS associated with the target cell can be provided as a beam indication before the cell switch.
Proposal 24: UE can determine a DL RS via the provided TCI state or the QCL source RS for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell after the cell switch until it receives a new activation/beam indication from the new target cell. 
Proposal 25: The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell.
In terms of timing of the beam indication, a TCI state or a QCL source RS associated with the target cell can be provided in the same message as the cell switch command (LTM trigger command) along with other parameters (e.g., candidate configuration index). Depending on the decision on cell switch command (e.g., MAC-CE, or MAC-CE + DCI) the UE may receive beam indication, e.g., via MAC CE or MAC CE + DCI, and it may consider the beam indication as the cell switch command. For example, in MAC CE + DCI, MAC-CE may contain at least a configuration index, and DCI may contain a TCI state ID/QCL source RS.
In terms of other timing scenarios, the issue with scenario 1 can be UE mobility where the beam indication may not be valid anymore to communicate with the target cell after the cell switch if the beam indication was sent much earlier before the actual cell switch. The scenario 3 looks like current L3 based handover mechanism where after the cell switch, the UE performs RACH to acquire the beam (and the timing advance); this can be supported when there no beam indication given in the cell switch command as discussed more below in this section. Based on this, and also assuming that timing advance (TA) would be acquired before the cell switch command is received (agreed in the last RAN1 meeting in agenda 9.12.2), most efficient option would be scenario 2. 
Proposal 26: In Rel-18 LTM, a beam indication, i.e., a TCI state or a QCL source RS associated with the target cell, can be provided to the UE within the cell switch (LTM trigger) command. 
· Note: Depending on the RAN2 decision on cell switch command (e.g., MAC-CE, or MAC-CE + DCI) the UE may receive beam indication, e.g., via MAC CE or MAC CE + DCI.
In scenarios, when cell switch command does not contain any TCI state (or DL RS) associated with the target cell, the UE can be configured to trigger a RACH procedure with the target cell to obtain the initial QCL assumption for the target cell’s DL/UL signals/channels. However, if the UE is in a Rel-17 ICBM scenario before cell switch communicating with a non-serving cell for UE-dedicated signals/channels, and if cell switch occurs where the target cell is same as the ICBM non-serving cell, the UE can be configured use the indicated TCI state of non-serving cell used in the ICBM operation also for the QCL assumption for the target cell (and assume that it has not been indicated to apply a TCI State for the target cell) after the cell switch until it receives it receives a new activation/beam indication from the target cell.
Also the cell switch command could include an indication whether there is a TCI state or a DL RS is present or not in the command. 
Proposal 27: If the cell switch command does not contain any TCI state (or DL RS) associated with the target cell, the UE can be configured to trigger a RACH procedure with the target cell. 
Proposal 28: If the cell switch command does not contain any TCI state (or DL RS) associated with the target cell when the UE is in a Rel-17 ICBM scenario before cell switch, and the target cell is same as the ICBM non-serving cell, the UE can be configured use the indicated TCI state of non-serving cell used in the ICBM operation also for the QCL assumption for the target cell after the cell switch until it receives it receives a new activation/beam indication from the target cell.
Proposal 29: The UE can be indicated whether there a TCI state or a DL RS is present or not in the cell switch command.
Candidate Cell Procedures before Cell Switch
RAN1 #110bis-e Agreement[2]
· RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
· DL synchronization for candidate cell(s)
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Note: Uplink synchronization aspect will not be discussed under this A.I.
· FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2)
· Detailed discussion will be commenced after receiving RAN2 LS.

The following relevant agreements were made in RAN2 #119b [3]:
R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
- Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.
- Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command

Given that the UE would make L1 measurement using SSBs or/and CSI-RSs of a candidate cell, the UE should have DL timing/synchronization information of the candidate cell. In legacy handover mechanism, the UE discards this timing information when it does measurements and reacquires this after processing the handover command. If the UE could keep the DL timing information of the candidate cell based on the measurements, then DL synchronization related interruption can be avoided. 
Proposal 30: UE can be configured to store the DL timing information acquired via L1 measurements performed for a candidate cell.
In terms of TRS measurement(s), since the QCL-type A source reference signal for PDCCH/PDSCH is typically a TRS, support of early TRS tracking for candidate cell(s) would be beneficial. Besides that, it is also useful for fine time-frequency tracking of the candidate cell(s) (as compared to via SSB measurements). Similarly, since one of the motivations of Rel-18 LTM is to maintain high data transmission efficiency and reliability in the process of fast cell switch, early CSI acquisition for the candidate cell(s) would be beneficial so that the UE would be able to use high data link with the target cell immediately after the cell switch. 
Proposal 31: Support early TRS tracking and CSI acquisition of candidate cell(s). 
As discussed in the section 2.1.2 for the configurations of CSI-RSs for BM of candidate cells, similarly RAN1 can study mechanisms to efficiently configure the TRS and CSI-RS for CSI of candidate cell(s) relevant to the UE; otherwise, TRS and CSI-RS configuration given by the candidate cell may be in the directions not relevant to the UE or may be configured in all possible directions which would incur unnecessary network overhead, and also UE may need to perform measurements on a larger set of TRSs and CSI-RSs than needed. As mentioned in the section 2.1.2, similar mechanism(s) using SSB measurements for configuring the appropriate TRS can be used. 
Proposal 32: For the early TRS and CSI acquisition, RAN1 to study mechanism(s) to configure or/and measure TRSs or/and CSI-RS for CSI of candidate cell in the relevant directions of the UE.
Conclusion
In this contribution, we discuss the details of different components of Rel-18 LTM including L1 measurement and reporting configuration, beam indication of target cell, and candidate cell procedures which can be performed before cell switch. The following observations and proposal have been made:
Observation 1: For the intra-frequency measurements of candidate cell(s), depending on the RAN1 agreements on supporting L1-RSRP using CSI-RS, or/and L1-SINR using SSB or CSI-RS, RAN4 would need to define the relevant requirements. 
Observation 2: For the inter-frequency measurements of candidate cell(s), depending on the RAN1 agreements on L1-RSRP or/and L1-SINR using SSBs or/and CSI-RSs, RAN4 would need to define inter-frequency measurements requirements for each of the supported RAN1 scenario (e.g., L1-RSRP using SSB, L1-RSRP using CSI-RS, L1-SINR using SSB, L1-SINR using CSI-RS). 
Observation 3: Without any additional information of the UE (e.g., location), after receiving the request from the serving cell (via CU), candidate cell’s CSI-RS configuration may not contain CSI-RSs relevant for the measuring UE. 
Observation 4: For a L1-SINR measurement, CU can make appropriate CMR and IMR configuration using serving and all the selected candidate cells’ s RS configuration information.
Observation 5: Filtering the L1 beam measurements can decrease the number of ping-pongs substantially for LTM.
Observation 6: The cost of ping-pong is higher for inter-DU than intra-DU case in terms of signalling overhead and latency in re-transmitting the pending packets.
Observation 7: If the UE can be configured to report DL RS that are not explicitly configured, the L1 reporting format would need to include PCI(s) to associate the reported RS(s).
Observation 8: Reporting to a LTM candidate cell when it is not an ICBM non-serving cell would require inter-cell/DU coordination to make the measurement results available at the serving cell and also reservation of UL resources at the candidate cell for the reports to be sent by the UE.
Observation 9: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use a different TCI state framework.

Proposal 1: Rel-17 based L1 CSI configuration framework can be reused for Rel-18 LTM L1-RSRP intra-frequency measurements on SSB(s) of candidate cell(s) if there is no change in the RAN4 requirements for L1-RSRP intra-frequency measurements using SSB(s) for a non-serving cell . 
Proposal 2: Any changes to Rel-17 based L1 CSI configuration framework, e.g., measurement gap configuration, to facilitate any relaxation to intra-frequency measurements can be discussed after RAN4 confirmation on intra-frequency measurements.
Proposal 3: Any changes to Rel-17 based L1 CSI configuration framework to support inter-frequency measurements can be discussed after RAN4 confirmation on intra-frequency measurements.
Proposal 4: CSI-RS for beam management can be supported L1 measurement RS for candidate cell as the starting point. 
Proposal 5: To configure the NZP-CSI-RS measurements from candidate cell, reuse the Rel-17 principle of QCL chain for associating NZP-CSI-RSs with specific PCI.
Proposal 6: If CSI-RS measurements with a candidate cell are supported, RAN1 to study mechanism(s) to configure or/and measure CSI-RSs of candidate cell relevant to the measuring UE.
Proposal 7: L1-RSRP should be supported for both intra and inter-frequency scenarios.
Proposal 8: L1-SINR can also be supported as the CU can make appropriate CMR and IMR configuration using serving and all the selected candidate cells’ RS configuration information.
Proposal 9: RAN1 should first focus only on DL measurement based LTM framework. UL measurement based LTM may be studied later. 
Proposal 10: Different L1 filtering configurations are supported for different groups of cells, where one group can contain the candidate cells belong to serving DU and another group can contain the candidate cells belong to different DU than the serving DU.  
Proposal 11: Consider mechanisms to activate subset of configured set of reference signals/reporting configurations to be active for L1 reporting of LTM candidate cells.
Proposal 12: Support all the CSI reporting time types for Rel-18 LTM: aperiodic, semi-persistent, periodic.
Proposal 13: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
Proposal 14: To support inter-frequency measurements, a frequency identifier is needed either in the CSI report config or in the L1 reporting.
Proposal 15: UE is not required to perform L1 measurements on candidate cell(s) if the serving cell quality is above a threshold value. FFS same or separate threshold as for the L3 measurements.
Proposal 16: Condition to trigger for event-based reporting could be based on the candidate cell RS threshold. FFS whether the threshold is cell quality or based on at least one RS.
Proposal 17: In event-based reporting, UE provides an indication to network on which reporting configurations should be activated.
Proposal 18: Consider a reporting format/rule where serving cell and at least one candidate cell beams are reported in specific limits in the report.
Proposal 19: For carrying payload for event-based report, MAC CE is used.
Proposal 20: L1 measurement reports for Rel-18 LTM are sent to the serving cell unless the UE is in Rel-17 ICBM operation where UE-dedicated signals/channels are transmitted/received via a non-serving cell. 
Proposal 21: RAN1 to update the priority rules for CSI reports for Rel-18 LTM event triggered reporting if supported.
Proposal 22: Beam indication for candidate cell(s) in Rel-18 LTM should be designed such that it can work for any TCI state framework – Option C is supported.
Proposal 23: In Rel-18 LTM, at least a TCI state or a QCL source RS associated with the target cell can be provided as a beam indication before the cell switch.
Proposal 24: UE can determine a DL RS via the provided TCI state or the QCL source RS for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell after the cell switch until it receives a new activation/beam indication from the new target cell. 
Proposal 25: The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell.
Proposal 26: In Rel-18 LTM, a beam indication, i.e., a TCI state or a QCL source RS associated with the target cell, can be provided to the UE within the cell switch (LTM trigger) command. 
· Note: Depending on the RAN2 decision on cell switch command (e.g., MAC-CE, or MAC-CE + DCI) the UE may receive beam indication, e.g., via MAC CE or MAC CE + DCI.
Proposal 27: If the cell switch command does not contain any TCI state (or DL RS) associated with the target cell, the UE can be configured to trigger a RACH procedure with the target cell. 
Proposal 28: If the cell switch command does not contain any TCI state (or DL RS) associated with the target cell when the UE is in a Rel-17 ICBM scenario before cell switch, and the target cell is same as the ICBM non-serving cell, the UE can be configured use the indicated TCI state of non-serving cell used in the ICBM operation also for the QCL assumption for the target cell after the cell switch until it receives it receives a new activation/beam indication from the target cell.
Proposal 29: The UE can be indicated whether there a TCI state or a DL RS is present or not in the cell switch command.
Proposal 30: UE can be configured to store the DL timing information acquired via L1 measurements performed for a candidate cell.
Proposal 31: Support early TRS tracking and CSI acquisition of candidate cell(s).
Proposal 32: For the early TRS and CSI acquisition, RAN1 to study mechanism(s) to configure or/and measure TRSs or/and CSI-RS for CSI of candidate cell in the relevant directions of the UE.
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Appendix
In the following, we describe the simulation scenario and parameters that are used in the evaluation of LTM for without L1 filtering and with L1 filtering scenarios.

[bookmark: _Ref61867148][bookmark: _Ref61867130]Table 1 Simulation parameters for inter-cell mobility scenario
	Parameters
	Values

	Frequency Range
	FR1 @ 4 GHz, SCS: 15 kHz, BW: 10 MHz

	BS Antenna Configuration
	2x2 MIMO, 2x4x4 antenna panel config with 8-beams. 1 panel, slant 45, TR 36.814
Azimuth Angles = {40, 60, 80, 100, 120, 140, 65, 115}
Elevation Angles = {-20, -20, -20, -20, -20, -20, -35, -35}

	UE Antenna Configuration
	Isotropic antenna with max Tx power of 23 dBm

	Traffic Model
	Full buffer traffic model. UL traffic is disabled


	Link Adaptation
	Outer loop adaptation + CQI based link adaptation (CSI-RS based measurements)

	Control and RS overhead
	~21% (3/14 symbol overhead)

	Control channel decoding
	Ideal

	Other simulation assumptions
	Round robin scheduling in time and even resources for frequency scheduling with TTI size of one subframe. 20 users can scheduled each TTI.
RLM Qout averaging window: 400 ms
RLM Qin averaging window: 200 ms
RLQ Out (for beam failure detection) averaging window: 200 ms
Bandwidth efficiency: 90%
Default is no DRX

	Intra-cell beam management
	Beam metric: L1-RSRP 
Ideal measurement reporting and evaluation every 40 ms.
L1-RSRP averaging 120ms (3 samples) 
Beam switching decision: L1-RSRP(best serving cell beam)> L1-RSRP(current serving cell beam) + Offset
Offset: 3 dB

	Inter-cell handover procedure
	L1/L2 centric Intercell Mobility
Intra-cell beam management procedure is extended to include the beams of non-serving cells. Ideal and periodical reporting with 40 ms periodicity.
The strongest beams of the serving and prepared non-serving cells are reported periodically.
Handover decision is based on (filtered) L1-RSRP beam measurements i.e. L1-RSRP (best non-serving cell beam) > L1-RSRP (best serving cell beam) + Offset
Offset i.e. HO margin: 3 dB 
Handover interruption time (no data transfer): 1 ms 

	Other potential impairments
	Not modelled (assumed ideal)

	Scenario
	3GPP compliant 3-sector Urban Macro cellular with 200 meters ISD.  3D UMa channel model TR 38.901

	Channel model
	UMa 5G (TR 38.901)

	UE mobility and trajectory
	20 UEs per cell and UEs are moving in a random direction in straight lines with constant speed.
[image: ]
UE velocity of 60 km/h is considered for simulations.

	Simulation time 
	140000 steps (14000 steps per sec) with 2 sec warm-up period and 10 drops.
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