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1	Introduction
[bookmark: _GoBack]In [1], a work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to multi-beam operation:
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

In this contribution, we explain how to fulfil this objective. Additionally, one of the objectives is related to inter-cell mTRP:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. ....

[bookmark: _Ref178064866]2	Discussion
Beam management was introduced in NR to facilitate operation in FR2. In FR2, UEs will typically be equipped with directional panel antennas, and analog beamforming is performed on the received signal. Once delivered to baseband, signals arriving at the UE from directions other than the main beam direction will be attenuated, and it is typically not possible for the UE to recover such a signal. Hence, it is critical to make it possible for the UE to adjust its analog beamformer before receiving any data or control signal. The same is true, at least to some extent, for the gNB: the gNB should know from which direction the signal will arrive. To achieve this, it is necessary to control in which direction the UE transmits its signal(s). 
Key components of the multi-beam objective are:
· More efficient UL/DL beam management with a large number of configured TCI states
· L1/L2 centric inter-cell mobility
· A unified TCI framework and optimized common beam operation
We will discuss improvements in these three areas in the coming subsections. 
At the end, we will also address the upcoming evaluations on feMIMO improvements.
2.1	More efficient: lower latency and overhead
The beam management procedures will need to cope with higher UE speeds, e.g., for high speed trains. Also, when the gNB antennas are equipped with more antenna elements, the beam will become narrower. These two factors will lead to the procedures to update the gNB and UE beams will have to execute faster, as the beams need to be updated faster.
As beam correspondence is a mandatory capability, improvements on efficiency should target beam management based on DL RSs. UL beam management is a performance optimization, which makes it possible for the UE to fine tune its Tx beam.
Updating the Tx beam on the gNB has two parts: collecting measurements and signaling updated QCL assumptions to the UE. 
To select the Tx beam, the gNB collects measurements from periodic or aperiodic reference signals. Once the gNB has selected a new Tx beam, it may also need to update the TCI state for the PDCCH and PDSCH reception. The main signaling mechanism for this is MAC CE. The new TCI state is applied after a certain delay. This delay is described differently in RAN1 and RAN4 specifications. In the RAN1 specifications, the new TCI state is applied 3ms after the PDSCH that contains the MAC CE is acknowledged, but in the RAN4 specifications, there is an additional delay which depends on the period of the reference signal in the new TCI state. 
[bookmark: _Toc40478786][bookmark: _Toc47708493]The description of the activation delay for a new TCI state is different in RAN1 and RAN4 specifications.
Taking the RAN4 description as an example and using realistic assumptions for the delays of the various processes, we end up with a total delay of some 14ms to change the gNB Tx beam. The time distribution among the components are illustrated in Figure 1.
[image: ]
[bookmark: _Ref40345383]Figure 1: Time distribution among the components of beam switch.
Based on the estimates shown in Figure 1, we conclude that to speed up the Tx beam switch, the focus should be on reducing the activation time, and speeding up the signaling:
[bookmark: _Toc40478796][bookmark: _Toc47708505]Focus on reducing the activation delay and speeding up the signaling. 
It would seem that the activation delay resides in the RAN4 domain. This implies that RAN4 should be involved in the discussion early in the process, to ensure that we see an actual improvement in the beam switching delay.
In RAN1, it would seem appropriate to investigate what signaling improvements would be relevant. As previously noted, the gNB collects measurements from periodic or aperiodic reference signals, potentially followed by a TCI state update. The gNB never updates a TCI state without any measurement. It would thus seem attractive to have a way to integrate the measurement and a TCI state update:
[bookmark: _Toc47708494]Since the gNB never updates a TCI state without any measurement, it is attractive to include the TCI state update as part of the measurement procedure.
Measurements on aperiodic CSI-RS provides a way to provide the UE with QCL sources in the TCI state, in the aperiodic trigger state:
CSI-AssociatedReportConfigInfo ::=  SEQUENCE {
    reportConfigId                      CSI-ReportConfigId,
    resourcesForChannel                 CHOICE {
        nzp-CSI-RS                          SEQUENCE {
            resourceSet                         INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig),
            qcl-info                            SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId
                                                                                        
        },
        csi-SSB-ResourceSet                 INTEGER (1..maxNrofCSI-SSB-ResourceSetsPerConfig)
    },
    csi-IM-ResourcesForInterference     INTEGER(1..maxNrofCSI-IM-ResourceSetsPerConfig)
                                                                                        
    nzp-CSI-RS-ResourcesForInterference INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)
                                                                                        
    ...
}
In Release-16, the UE uses the RSs in the corresponding TCI state when performing the measurement, but only for the measurement. The measurement is then followed by a TCI state update using MAC CE. In the overwhelming majority of cases, the gNB would follow the recommendation the UE provided in the measurement report:
[bookmark: _Toc47708495]In the overwhelming majority of cases, the gNB would follow the recommendation the UE provided in the measurement report. 
To streamline the procedure, a UE that performed a measurement on an aperiodic CSI-RS where a QCL reference is included could perform a TCI state update without any additional signaling from the gNB. In other words, the UE can be configured to interpret a measurement on an aperiodic CSI-RS also as an implicit TCI state update. After performing the measurement, the UE would update the TCI state for subsequent demodulation of PDCCH and PDSCH. Hence, we propose
[bookmark: _Toc47708506]After performing a measurement on an aperiodic CSI-RS, the UE would update the TCI state used as QCL source for the PDCCH/PDSCH DMRS to the QCL source corresponding to the best CSI-RS.
The updated TCI state is applied after a delay, to make sure that the gNB will have time to stop the update (in rare cases). The delay will also ensure that the gNB can discover signaling errors, i.e., that the UE missed the measurement trigger, or that the gNB missed the measurement report. If the gNB discovers a signaling error, it would have to send another aperiodic measurement trigger.
2.2	L1/L2-centric inter-cell mobility
In current cellular systems, a handover is performed when the UE moves from the coverage area of one cell to another. Typically, the UE is configured to perform event-triggered reporting of the quality of its serving cell as well as the potential target cells: the UE filters the L1 measurements, and only if the filtered measurement is above a certain threshold, the UE decides to send a measurement report. To send the measurement report, the UE requests UL resources using a normal scheduling request, and after being granted resources, the UE sends an RRC measurement report.
When the network receives the measurement report, it transmits an RRC reconfiguration with sync message to the UE. Upon reception of the message, the UE initiates a random access procedure with the target cell. Once the handover procedure is complete, the target cell confirms that the handover is complete.
The handover procedure is completely general: it applies to essentially any configuration for serving and target cells. However, it relies on transmission of rather large data packet to carry the messages at the cell edge, where the channel conditions are bad, and getting worse. The procedure also leads to noticeable interrupts in the transmission when the UE access the target cell. During Rel-16, RAN2 specified two concepts to reduce these issues, conditional handover (CHO) and dual active protocol stack (DAPS). Both solutions have limitations: CHO reduces the network control of the handover procedure, and DAPS leads to complex UE implementations in particular for the most common scenario (intra-frequency handover). 
The beam management procedures specified in Rel-15 and Rel-16 involve performing RSRP measurements on RSs, and also to signal TCI states, spatial relations and pathloss reference RSs to the UE. In Release-16, all these RSs are implicitly related to a serving cell: there is no possibility to include a reference to an RS in a non-serving cell in a TCI state. As the TCI states are used also when performing measurements on CSI-RS, performing measurements on CSI-RS for beam management from a non-serving cell is not supported either.
[bookmark: _Toc47708496]The Release-16 beam management procedures can only refer to RSs that are related to a serving cell.
This limitation is somewhat artificial: the UE already today synchronizes and performs measurements on SSBs in non-serving cells, as part of handover procedure. Since the UE synchronizes to an SSB from a non-serving cell, the UE derives the QCL-TypeC properties of that SSB and could use these QCL-TypeC properties to receive other reference signals. In fact, the UE already performs measurements of L1-RSRP also for non-serving cells, but the specification does not provide any possibility for the UE to report these measurements:
[bookmark: _Toc47708497]The limitation that the beam management procedures only refer to RS related to a serving cell is artificial, and UEs already today have support for at least some of the functionality related to inter-cell beam management.
Note that beam management relies on two abstractions:
· CSI report configurations, which includes descriptions of the reference signals that are used as targets for the measurements
· TCI states, which contains information about the reference signals to simplify their reception at the UE.
Both the CSI report configurations and the TCI states are configured via RRC. 
To facilitate inter-cell beam management, we can make use of these two abstractions, by simply modifying the configuration of the CSI reports and the TCI states:
[bookmark: _Toc47708498]To facilitate inter-cell beam management, the CSI report configurations and the TCI needs to be updated.
However, there is no need to introduce any fundamentally new procedure: we simply use the existing beam management procedures. We also foresee that we will define UE features starting from the UE features defined for beam management, regarding, e.g., on how many SSBs the UE can perform L1-RSRP measurements.
To provide a reference to a non-serving cell, the physical cell identity (PCI) should be included in the relevant RRC configurations. Regarding the TCI states, it would seem natural to include the PCI in the TCI state:
[bookmark: _Toc47708507]Include a PCI in the TCI state to facilitate the use of reference signals from non-serving cells as QCL sources.
The PCI state could be included in the TCI state itself, meaning that it would apply to the one or two QCL-info(s) that are part of the TCI state, or it can be part of the separate QCL-info. Both options would provide the required functionality. 
By extending the TCI states with a PCI, it becomes possible to use SSBs from non-serving cells as QCL sources. This includes performing measurements on CSI-RS: any CSI-RS resource has a QCL source, and by allowing that QCL source to point to an SSB in a non-serving cell, it becomes possible to perform measurements on a CSI-RS, even when the CSI-RS is transmitted from a non-serving cell:
[bookmark: _Toc47708499]By introducing a PCI in a TCI state, the UE may be configured to perform measurements on CSI-RS transmitted from a non-serving cell.
However, another important beam management measurement is measurements on SSBs. To be able to configure the UE to perform L1-RSRP measurements on SSBs from non-serving cells, some additions to the CSI reporting framework needs to be introduced.
The NW configures the UE to perform measurements on SSBs by using the RRC IE CSI-SSB-ResourceSet. In Rel-16, an CSI-SSB-ResourceSet contains a list of SSB indices, implicitly pointing to the current serving cell. The CSI-SSB-ResourceSet is then referenced from the CSI-AssociatedReportConfigInfo (for aperiodic reporting) or from CSI-ResourceConfig (for periodic and semi-persistent reporting).
It would thus seem appropriate to include a PCI in the CSI-SSB-ResourceSet. With this addition, the UE can be configured to report using periodic, semi-persistent and aperiodic reporting. Also here, there are two options: 
1. The PCI is included directly in the CSI-SSB-ResourceSet, meaning that all SSBs in one CSI-SSB-ResourceSet belongs to the same non-serving cell. 
2. The PCI is included in the field csi-SSB-ResourceList, inside the CSI-SSB-ResourceSet. This means that one CSI-SSB-ResourceSet can contain SSBs from different cells.              
Here it would seem that the second option is preferable: requesting measurements from individual non-serving cells may be prohibitively complicated. Thus, we propose
[bookmark: _Toc47708508]Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
It is our understanding that we would reuse much of the functionality already implemented in the UE, in particular regarding measurements. Thus, the extension should not imply any significant increase in the UE complexity:
[bookmark: _Toc47708500]The inter-cell measurements would reuse the measurements the UE is already performing – only the reporting would change.
In addition, there would be a need to consider the properties of the UL transmissions. This may be performed as part of the unified TCI/common beam work in Release-17. In any case, there would be a need to introduce the PCI in the configuration that relates to
· Spatial relations. 
· Pathloss reference RS for UL power control
[bookmark: _Toc47708509]Introduce a PCI in the configurations related to UL transmissions: spatial relations and pathloss reference RS. 
The handover functionality included in NR release 16 is quite general. It is possible to perform handover irrespective of the configuration of the source and target cell. In contrast, the L1/L2 centric inter-cell mobility solution sketched above is associated with significant restrictions: the configuration of the serving and non-serving cells needs to be similar: for example, the frequency allocation and subcarrier spacing of the SSBs must be the same, and the same is true for CSI-RS reception. Thus,
[bookmark: _Toc47708501]The above solution puts some restrictions on the configuration of serving and non-serving cells. 
In our understanding, these limitations are acceptable, and would provide gains in the most important scenarios for inter-cell beam management. Although it is completely feasible to introduce configuration support for, e.g., inter-frequency measurements on non-serving cells, such measurements may require measurements gaps, which would significantly reduce the gains of inter-cell beam management as compared to L3 mobility.
The beam management solutions were specified for application in FR2. However, the multi-TRP scenario is as applicable – or perhaps even more applicable – to FR1. The inter-cell beam management solutions must thus be equally applicable to FR1:
[bookmark: _Toc40478788][bookmark: _Toc47708502]The inter-cell beam management procedures are equally, or more, applicable to FR1, and it is important to consider the UE capabilities related to TCI states and L1-RSRP measurements also for FR1. 
This also means that the UE capabilities must allow that the solutions can be applied in practice also for FR1. For instance, the value of the solutions would be reduced if a UE supports a small number of TCI states.
2.3	A unified TCI framework and optimized common beam
DL beam management builds on the concept of TCI states, as the single tool to convey the QCL TypeD information used by the UE to adjust its Rx beam. All DL reference signals (CSI-RS, PDCCH/PDSCH DMRS) make direct use of the same set of TCI states.
The DL TCI framework is quite flexible: it is possible to operate the DL using different TCI states for PDCCH, PDSCH and the different types of CSI-RS. In the most common case however, the same TCI state is used for PDCCH and PDSCH, and also for CSI-RS for CSI acquisition. The specification defines several defaults regarding QCL TypeD assumptions, but the defaults are not fully aligned, and not implemented for all cases. For instance, there is no default beam for aperiodic CSI-RS in general. The rules for the default beam are also unnecessarily complicated:
[bookmark: _Toc47708503]The rules for the default beam are not fully aligned, and not implemented for all cases.
As common beam operation is the by far most common deployment, one of the focus points for the Rel-17 should be to implement a complete common beam solution, with aligned and simple rules. Such a common beam operation should also take into account restrictions in the UE that occurs due to the use of common hardware for intra-band and in some cases inter-band carrier aggregation
[bookmark: _Toc47708510]Implement complete support for common beam operation that considers restrictions in the UE hardware relevant for intra-band and inter-band carrier aggregation. 
UL beam management builds on the concept of spatial relations, but its usage varies for different UL signals: SRS and PUCCH uses different types of spatial relations, configured in different RRC IEs, and signaled in different ways. Having different RRC IEs is particularly strange, since the content is essentially the same: it is a reference signal. PUSCH does not use spatial relations explicitly at all – the PUSCH transmissions are handled using an associated SRS. 
One of the targets of the Rel-17 multi-beam enhancements is to streamline the control of the spatial properties of the UL transmissions. This would mean that we introduce an UL TCI, which is a direct counterpart to the DL TCI. Such an UL TCI would be used as the direct source for the spatial properties of all transmitted UL signals: SRS, PUCCH and PUSCH:
[bookmark: _Toc47708511]Introduce an UL TCI which could serve as a direct source for the spatial properties of all UL signals: SRS, PUCCH and PUSCH.
It is important that common beam operation is efficiently supported also across UL and DL. The configuration and application of the UL TCI is thus an add-on that can be configured if needed:
[bookmark: _Toc47708512]UL TCI is optionally configured.
Such an UL TCI would need to contain a (pointer to a) reference signal, an SSB, a CSI-RS or an SRS. Since CSI-RS and SRS are configured per BWP, a reference to the correct BWP must also be included. Since RSs in other serving cells can be used as spatial references, there must be a reference to the correct serving cell as well.
In case the UL TCI is a DL RS, it makes a lot of sense that the UE uses that same RS as pathloss reference RS for UL power control. But if the UL TCI is an SRS, a separate DL RS needs to be provided. 
To support inter-cell beam management, the UL TCI must also include a PCI.
The contents are summarized in Table 1. 
[bookmark: _Ref47361901]Table 1: The contents of an UL TCI.
	Field
	Possible values
	

	RS
	SSB, DL BWP+CSI-RS, UL BWP+SRS
	Mandatory

	Serving cell
	0-31
	Optional

	DL RS
	SSB, DL BWP+CSI-RS
	Optional

	PCI
	0-1007
	Optional



One option would be to introduce UL TCI as a new RRC IE. This would then contain the fields in Table 1. 
Another option would be to introduce one TCI to be used both for UL and DL. If the fields listed in Table 1 are compared to the contents of the DL TCI, there are some similarities and some differences:
· The DL TCI does not include SRS (or a reference to an UL BWP)
· The DL TCI does not include any separate definition of a pathloss reference RS
 A unified TCI would then have to contain the field in a DL TCI and the information related to an SRS listed above. On one hand it is nice to use the same quantity for two purposes. On the other hand, this would require a significant extension of the Rel-16 TCI state, which would only be useful if the separate UL TCI is actually used.
The prime use case for UL TCI is to alleviate the issues related to maximum permissible emission (MPE). In some cases, the UE may be required to reduce its transmit power on some of its antennas. If the gNB is aware of this reduction, it may choose to schedule an UL transmission on another antenna, where the full transmit power can be used.
2.4 	Considerations on evaluations for multi-beam
During the summer, there has been an email discussion on evaluation assumptions for the feMIMO WID. The outcome of the email discussion is summarized in the appendix. Here we provide some proposals on the EVMs.
2.4.1	UE and panel orientation
The UE will have three antenna panels, located on the left, right and back side of the UE. It is interesting to note that the layout is not symmetric with respect to UE orientation – the UE orientation will impact the result. In particular, it would not seem appropriate to put the UE on the back, since the back panel would be useless. Since it is relevant to assume that the assumption on the UE orientation will impact the results significantly (especially for the evaluations related to panel blockage), we propose the following simple model for UE orientation:
[bookmark: _Toc47708513]The UE orientation is vertical, with a random orientation in azimuth.
In other words, there is no downtilt for any of the UE panels.
We also note that in the baseline assumption, the layout for all the panels are identical. This would mean that the panels are all “tall”. Perhaps a more reasonable assumption for the back panel is to have a “wide” panel. We propose to clarify this during the meeting:
[bookmark: _Toc47708514]Confirm the orientation for each UE antenna panel once the UE orientation is clarified.
2.4.2	Number of UEs 
The evaluation methodology for the intra-cell mobility evaluations were purposely designed to stress the beam management functionality. In order to do that, a somewhat unrealistic model for UE movement was introduced: the UE would move along a pre-determined trajectory, perpendicular to the base station, and rather close. This setup is well-motivated, and different solutions for beam management should provide different performance, to facilitate comparison of different proposals.
However, in the current EVM proposal, the suggestion is that there should be two UEs in each cell, and these UEs will be quite close to each other at some point in time. With such a setup, it becomes important to ensure good MU-MIMO performance, by an optimization of scheduling and link adaptation. The beam management solutions will be less important, and improvements in this area will be hidden in MU-MIMO algorithm optimizations. 

Therefore, we propose that the baseline should be a single UE per cell, rather than 2 UEs:
[bookmark: _Toc47708515]One UE per cell is baseline for the intra-cell mobility evaluations.  
The same is true for the MPE evaluations: if we have multiple UEs per cell, there is a risk that the performance is determined by the chosen scheduler design, rather than the coverage loss that we are trying to mitigate. Therefore, we propose to drop one UE randomly per cell:
[bookmark: _Toc47708516]One UE is dropped randomly per cell for the MPE evaluations.
2.4.3	Inter-cell mobility
One of the topics in the WID is to introduce L1/L2-centric inter-cell mobility. In the email discussion leading up to the baseline assumptions in the appendix, there has been a discussion on evaluations of inter-cell mobility. Extending the intra-cell mobility described in the appendix to inter-cell is relatively straightforward: the trajectory would simply be allowed to cross the cell borders. The performance metrics could also be reused.
However, in contrast to intra-cell mobility, the Rel-15 baseline is quite complicated. The inter-cell mobility in Rel-15 involves the following steps:
· UE performs L1+L3 filtering of RSRP values
· The UE triggers a measurement report once the filtered RSRP value of a target is ~3dB better than the serving 
· The UE asks for UL resources using SR
· The UE sends the measurement report 
· The NW sends a HO command to the UE
· The UE performs RACH in the target
Overall, implementing this procedure explicitly is beyond the scope of the feMIMO WI. However, by simple inspection of the steps required, it is clear that the beam management procedures are far simpler.
An alternative to the explicit implementation could be to model the procedure, e.g., by including an additional latency. But it would seem clear that such a model would not be a good representation of the actual procedure. In particular, the L3 filtering combined with the hysteresis would seem quite hard to model. Thus, we observe
[bookmark: _Toc47708504]Implementing the actual Rel-15 handover procedure would be beyond the scope of the feMIMO WI, as would designing a simple model of the procedure.
Therefore, any evaluation of inter-cell mobility in the feMIMO WID would be performed without any accurate Rel-15 baseline. This reduces the value of such evaluations. Therefore, we propose
[bookmark: _Toc47708517]Do not evaluate inter-cell mobility using SLS in the feMIMO WI.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The description of the activation delay for a new TCI state is different in RAN1 and RAN4 specifications.
Observation 2	Since the gNB never updates a TCI state without any measurement, it is attractive to include the TCI state update as part of the measurement procedure.
Observation 3	In the overwhelming majority of cases, the gNB would follow the recommendation the UE provided in the measurement report.
Observation 4	The Release-16 beam management procedures can only refer to RSs that are related to a serving cell.
Observation 5	The limitation that the beam management procedures only refer to RS related to a serving cell is artificial, and UEs already today have support for at least some of the functionality related to inter-cell beam management.
Observation 6	To facilitate inter-cell beam management, the CSI report configurations and the TCI needs to be updated.
Observation 7	By introducing a PCI in a TCI state, the UE may be configured to perform measurements on CSI-RS transmitted from a non-serving cell.
Observation 8	The inter-cell measurements would reuse the measurements the UE is already performing – only the reporting would change.
Observation 9	The above solution puts some restrictions on the configuration of serving and non-serving cells.
Observation 10	The inter-cell beam management procedures are equally, or more, applicable to FR1, and it is important to consider the UE capabilities related to TCI states and L1-RSRP measurements also for FR1.
Observation 11	The rules for the default beam are not fully aligned, and not implemented for all cases.
Observation 12	Implementing the actual Rel-15 handover procedure would be beyond the scope of the feMIMO WI, as would designing a simple model of the procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Focus on reducing the activation delay and speeding up the signaling.
Proposal 2	After performing a measurement on an aperiodic CSI-RS, the UE would update the TCI state used as QCL source for the PDCCH/PDSCH DMRS to the QCL source corresponding to the best CSI-RS.
Proposal 3	Include a PCI in the TCI state to facilitate the use of reference signals from non-serving cells as QCL sources.
Proposal 4	Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
Proposal 5	Introduce a PCI in the configurations related to UL transmissions: spatial relations and pathloss reference RS.
Proposal 6	Implement complete support for common beam operation that considers restrictions in the UE hardware relevant for intra-band and inter-band carrier aggregation.
Proposal 7	Introduce an UL TCI which could serve as a direct source for the spatial properties of all UL signals: SRS, PUCCH and PUSCH.
Proposal 8	UL TCI is optionally configured.
Proposal 9	The UE orientation is vertical, with a random orientation in azimuth.
Proposal 10	Confirm the orientation for each UE antenna panel once the UE orientation is clarified.
Proposal 11	One UE per cell is baseline for the intra-cell mobility evaluations.
Proposal 12	One UE is dropped randomly per cell for the MPE evaluations.
Proposal 13	Do not evaluate inter-cell mobility using SLS in the feMIMO WI.
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[bookmark: _Ref47619148]Appendix: Baseline EVM assumptions
Proposal 1: SLS is the baseline tool for evaluation.
· Two separate SLS EVMs are used for: 1) intra-cell mobility scenarios, 2) MPE mitigation (UL coverage loss due to meeting MPE regulation) and multi-panel UE
· Note: Baseline is interpreted as follows: when simulation is needed and/or justified, the agreed baseline constitutes the required minimum to be simulated
· This does not preclude companies from providing additional simulation results with other set(s) of assumptions (e.g. # panels, traffic models, deployment scenarios) and/or types (e.g. LLS)

Proposal 2: The simulation assumptions are given below. Items that are the same as what has been agreed in Rel.16 are in green 

Table 2 Baseline assumptions for SLS: common for intra-cell mobility and MPE/MP-UE
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Transmission Power
	Maximum Power and Maximum EIRP for base station and UE as given by corresponding scenario in 38.802 (Table A.2.1-1 and Table A.2.1-2)

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Companies to explain TXRU weights mapping.
Companies to explain beam selection.
Companies to explain number of BS beams

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of panels: 3 panels (left, right, and back) 
Panel structure: 1x4x2 or (M, N, P) = (1, 4, 2), dH = 0.5 λ 
Companies to explain TXRU weights mapping.
Companies to explain beam and panel selection.
Companies to explain number of UE beams

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Companies to explain beam correspondence assumptions (in accordance to the two types agreed in RAN4)

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	Inter-panel calibration for UE
	Ideal, non-ideal following 38.802 (optional) – Explain any errors

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how it is modelled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	Other simulation assumptions
	Companies to explain serving TRP selection
Companies to explain scheduling algorithm

	Algorithm details (when applicable)
	Companies to report:
· Beam reporting mechanism
· Beam metric L1-RSRP; L1-SINR is optional
· Number of active panels



Table 3 Baseline assumptions for SLS: Intra-cell mobility scenarios
	Parameters
	Values

	Scenarios
	High speed @FR2:
· Dense Urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor
· 2 UEs are dropped for each of the 7 sites (see mobility description below)
· High speed train (TR 38.802/38.913) @FR2
· Companies explain the number of dropped UEs 

	UE Speed
	For Dense Urban:  60 km/hr and 120 km/hr  
For HST: 256 km/hr 

	UE Mobility and trajectory handling 
	Linear trajectory, intra-cell mobility (constrained within one cell)

Dense Urban:


  

For each of the 21 cells: Two UEs (UE1 and UE2) are dropped as follows:
There are four possible starting locations P, Q, R, and S as illustrated above for the upper right sector/cell (can be extended analogously to the upper left and lower sectors/cells, see Appendix) where d=30m and x=4m.

There are two possible randomly selected trajectory lines for each of the UE1 and UE2:
· Tr1: A UE starts at either P or S, and moves along the 120-deg line downward
· Tr2: A UE starts at either R or Q, and moves along the 120-deg line upward

The two trajectories are selected such that UE1 and UE2 do not collide. 

HST (based on TS38.802/913): 



The origin (0,0) is assumed to be at RRH2 and between the 2 tracks
· Only one UE is simulated (representing one CPE in the train)
· Distance between two adjacent RRHs is drrh = 200 m
· Distance between the tracks is dtrack = 6 m
· Distance between RRH and nearest track is drrh_track = 5 m
· RRH has a bearing angle  or  where =20 degrees
· The UE starts near RRH2 and moves towards RRH5, or starts near RRH5 and moves towards RRH2
· Possible starting points are near , , ,  
· There are two possible randomly selected travel directions for the UE, each with two possible starting locations (a total of four trajectories):
· Direction 1: The UE starts near RRH2 (at either P or S) and moves on a horizontal line to the right
· Direction 2: The UE starts near RRH5 (at either R or Q) and moves on a horizontal line to the left


	Performance metrics
	· CDF of UE throughput, avg. and 5% UE throughput, cf. Appendix
· TCI state update (beam indication) signaling overhead (separate analysis from SLS)
· Beam switching latency
· RSRP distribution 



Table 4 Baseline assumptions for SLS: MPE/Multi-panel UE
	Parameters
	Values

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
· Companies explain the number of dropped UEs 
· Indoor (TR 38.901/802)

	UE speed
	3 km/hr for indoor UEs, 30km/hr for outdoor UEs 

	Panel Blockage Modeling for MPE
	Only one panel is blocked. The blocked panel is randomly selected at each drop  
· Blocking entails an additional pathloss of 10dB applied to both DL and UL

For simulation with full buffer traffic, a blocking event is determined, started at the beginning of each drop, and sustained throughout the entire drop.


	MPE Modeling
	When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. That is, the actual maximum TX transmit power = maximum EIRP (22dBm) – P-MPR (10dB)


	UE-side panel switching latency
	0 ms for active panels
Companies explain the assumed switching latency for inactive panels

	Performance metrics
	· CDF of UE throughput, avg. and 5% UE throughput (representing cell-edge coverage), cf. Appendix
· RSRP distribution 



Table 5 Baseline assumptions for SLS: Additional simulation assumptions for HST scenario (FR2), mainly from TR 38.802, e.g. Table A.2.1-2
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Scenario
	UMa LOS

	System BW
	80 MHz

	BS and RRH Tx Power
	30 dBm, max EIRP 69 dBm

	UE Tx Power
	21 dBm, max EIRP 43 dBm

	BS receiver Noise Figure
	7 dB

	UE receiver Noise Figure
	13 dB

	Distance between cell and nearest lane
	5m

	Inter site distance
	200m

	BS Antenna height
	2.5m

	UE Antenna height
	1.5 m

	Train penetration Loss
	38.901, sec 7.4.3.2: μ = 9 dB, σp = 5 dB

	RRH and cell association
	For intra-cell mobility simulation, all RRHs are assumed to be associated with one cell (for simplicity)




Proposal 3:  Further discuss and decide in RAN1#102-e the need for baseline EVM for inter-cell mobility and, if needed, all the pertinent details including:
· Simulation type
· Simulation parameters and scenarios
· Performance metric
· Comparison with Rel.15/16 L3-based inter-cell mobility
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