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Introduction
This paper is related to the new WID on further enhancements to MIMO in 5G NR Release 17 [1]. In the WID, the following objectives are outlined for beam management enhancements for feMIMO. 
	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 signalling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signalling (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 paper, we present discussion on each objective as well as detailed inputs to SLS evaluation assumptions including initial results for mobility evaluations. 
Beam Management for Intra/Inter-Cell Mobility
Identifying Performance Bottlenecks
In order to efficiently support low latency beam management with reduce overhear in Rel-17 NR, especially with a large number of configured TCI states, the first goal should be to identify the major performance bottlenecks in the current beam management framework. To this end, two main areas are identified i.e., beam indication and beam acquisition. 
Beam Indication and Tracking
The beam indication mechanism currently supports a combination of semi-static RRC signaling in conjunction with MAC-CE indication and finally further down selection via DCI. While the framework is flexible and the gNB is able to fully control the beam indication and configuration at the UE for both DL and UL, there is also a cost paid in terms of latency. The overall signaling overhead and latency due to MAC-CE based activation is shown in Figure 1.
[bookmark: _Ref47692306][image: ]
Figure 1: Static TX beam mapping for beam indication with MAC-CE based TCI update
From the figure it is evident the static beam mapping to resources requires TCI state update based on MAC-CE activation for change in TX beam or spatial relation information update of uplink beam changes. In RAN1, signaling latency due to MAC-CE is 3ms. However, in RAN4, the defined delay for TCI state switching is more conservatively defined [1] based on a concept of known and unknown TCI states. If the target TCI state is known, the delay is defined as


	
and if the TCI state is unknown it is defined as




where is the time to first SSB transmission after the MAC-CE is decoded by the UE and = 2ms and the additional processing times are required if the TCI state being activated is not in the active TCI state list. For the case of unknown TCI state additional time is required for L1-RSRP measurement and reporting. Therefore, the latency in this case can potentially be much higher than the 3ms defined in RAN1. 
Based on the delay budget above, it is therefore necessary to further refine the beam indication mechanism to reduce the latency of TCI state switching and to minimize MAC-CE based TCI state updates as much as possible. To this end, we propose the following dynamic beam indication and tracking mechanisms wherein the process of beam refinement at gNB and UE can be combined.
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Figure 2: CSI-RS and SRS based beam tracking
In the first method P3 and U3 procedures are used for beam tracking and updates, based assumptions of beam correspondence. In this case, the gNB initiates P3 based on CSI-RS with repetition. The UE uses this to update UE Rx (Tx) beam and then transmits SRS for U3 where the gNB updates Rx (Tx) beams. Based on this procedure, the gNB updates the CSI-RS Tx beam and the UE updates the Rx beam for TCI state and Tx beam spatial relation update. No additional signalling is needed to indicate the updated beam.
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Figure 3: CSI-RS and CRI based beam tracking
In the second proposed method, P3 and P3 procedures are used. The gNB initiates CSI-RS based P2 procedure and the UE reports CRI after gNB Tx (Rx) beam acquisition. Based on this CRI, the gNB initiates P3 procedure using CSI-RS with repetition for the UE to update the Rx (Tx) beam. The UE is not expected to signal the choice of selected beam to gNB. These procedures make use of flexible beam mapping to the same TCI states and therefore reduce indication and tracking latency by foregoing the need for MAC-CE update of TCI states. 
The SRS based scheme requires 1 DL-UL switch and the CRI based scheme requires 1 DL-UL and 1 UL-DL switch and avoids MAC-CE signaling. Scheduling offset for AP CSI-RS is required for P3 procedure in both the schemes. For the SRS based scheme, SRS-spatialrelationInfo is configured and PUSCH/PUCCH/SRS follows spatial filter of the SRS resource of configured spatial relation information. For the CRI based scheme, PUCCH/SRS-spatialRelationInfo is not configured. PUCCH/PUSCH/SRS follows the QCL-D of the TCI state of configured CORESET with lowest index.
For flexible beam tracking MAC-CE based update of TCI states can be performed. The update is based on UE measurements on SS/PBCH block and reporting of CRI. The gNB can update the active TCI state list of CSI-RS resource with the target SS/PBCH blocks. This can help the UE to keep track of the CSI-RS QCL Type D with respect to the SS/PBCH blocks
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Figure 4: TCI State update for CSI-RS for flexible beam mapping

[bookmark: _Hlk47731982]Proposal 1: SRS/CRI based flexible beam mapping can be used to reduce beam indication and tracking latency. 
Beam Acquisition
Another possible bottleneck for latency in beam management is initial beam acquisition. The current hierarchical beam management and acquisition framework suffers from the latency required for exhaustive beam search for both initial beam acquisition through SSB and finer beam acquisition through corresponding CSI-RS. In this case in order to reduce the beam search latency particularly when a large number of TCI states are configured, some signaling enhancements can be additionally considered.
As an example, for SSB based wide beam acquisition, the UE can be signaled with beam relations between different SSB beams such that the Rx beam refinement can be handled without exhaustive beam search. 
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[bookmark: _Ref47699924]Figure 5: Beam acquisition enhancements
As an example, in Figure 4, the first 4 SSB can correspond to the red highlighted beams which roughly covers the overall coverage area of the gNB. Further, the UE can be signaled some beam relation between the chosen yellow beam and its neighboring SSB beams. Then the UE can further measure only those related TCI indexes such and not scan the entire set of SSB. Such flexible indication can be beneficial especially when very large number of SSB beams need to be used.
Additionally, spatial relation between SSB indices and the narrower CSI-RS beams can also help the UE scan only a sub-set of CSI-RS beams for finer beam acquisition. This can also potentially reduce the beam acquisition latency.
Finally, between the two cases, beam acquisition latency is more limiting than indication latency since the initial acquisition is dependent on SSB periodicity and based on the measurement requirements it can be multiple SSB burst periods before beam is acquired. Therefore, enhancements to both these mechanisms should be considered for Rel-17 feMIMO. 
[bookmark: _Hlk47732020]Proposal 2: To reduce beam acquisition latency, beam relations between different SSB beams can be indicated to the UE such that Rx beam refinement can be achieved without exhaustive search. Similar functionality can also be used for CSI-RS based narrow beam acquisition to avoid exhaustive beam search. 
Uplink TCI State
Work Scope in Rel-17 feMIMO
In Rel-16 NR, overhead reduction for beam management was a major objective and normative work was performed for support of PUCCH-SpatialRelationInfo and SRS-SpatialRelationInfo with overhead reduction schemes as well for default beam specification for cases when the uplink spatial relation information is not relevant for the UE. For example, the following were at least specified with regards to spatial relation information:
Overhead reduction using multiple TCI state activation across CCs
Default spatial relation assumptions for uplink for the cases when DL beams could be used as reference
Beam selection and default beams for pathloss reference RSs

While the default beam specification needs more work to cover all remaining cases, it is also noted that substantial work has been done in RAN1 to specify uplink spatial relation information as a signalling framework for uplink beam management. Therefore, before agreeing to specify uplink TCI as a direct alternative to spatial relation information, the work scope should be carefully evaluated with respect to the functionality i.e., uplink TCI should at least support all functionality supported by spatial relation information indication. This should be balanced against the immense specification impact that such an introduction would entail. Furthermore, it also be clarified which specific functionalities cannot be achieved by current framework that is aimed to be enabled by specifying UL TCI.

Observation 3: It should be ensured that UL TCI framework supports at least the current functionality supported by spatial relation information-based signalling. The work scope for such specification should be accounted for and additional benefits of UL TCI framework, if any, should be clarified.

Configuration for Uplink TCI 
In terms of configuration of a possible UL TCI framework, it is possible to reuse the current DL TCI framework with the addition of SRS as a QCL reference RS in the TCI information element: 
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
		srs 							SEQUENCE { 
			resourceId 						SRS-ResourceId, 
			uplinkBWP 						BWP-Id},
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

Observation 4: For UL TCI state, SRS can be added as a QCL reference RS in the current DL TCI configuration for a unified approach. Additionally, UL power control parameters for PUCCH also need to be added to the framework.  
SLS Mobility Evaluations
For Rel-17 feMIMO, it is planned that SLS will be used as a baseline tool for mobility evaluations in FR2. After the first round of email discussions certain baseline parameters have been identified. Currently, two main scenarios are considered i.e., High Speed Dense Urban and High-Speed Train (HST). In the following, we provide some additional input on EVM for these cases. We also some initial SLS results to illustrate the performance bottlenecks and to further refine the scope and goal of this simulation campaign.
SLS Evaluation Assumptions
Based on current discussion, intra-cell mobility is considered as a baseline without the need to perform any handovers and the dropped UEs move in a linear trajectory within a single cell. There are many aspects to the evaluation of beam management and mobility, and they need to be considered carefully in order to refine the target of these evaluations. We comment on some of these aspects in the sequel.
UE Dropping and Trajectory
From the current status of discussions, it is seen that the baseline assumption is 2 UEs per cell with a 21-cell deployment. The following figures show the options for UE trajectory in such cases.
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Figure 6: UR Dropping and Trajectory (a) Hexagonal Cell with gNB at center of hexagon; (b) Hexagonal sectors with gNB at centre of 3 sectors (7 sites with 3 sectors per site)

The left subfigure shows the current proposed deployment for the Dense Urban case with gNB at the center of a hexagonal cell with 3 non-hexagonal sectors. However, 3GPP has generally used deployments which assume hexagonal sectors and each site is at the center of 3 hexagonal sectors. In this case we can consider the deployment in subfigure (b) where one of the UEs can be dropped at any one of the 2 points P or Q and the other UE is dropped at R or S. 
The blue trajectory runs from the edge of the sector and therefore if we measure the distance  from the center to the green trajectory which is 4m from the blue line and parallel to it, we will have 

 meters.
If we choose an ISD = 200m, this would give a value of m which is approximately equal to the deployment in subfigure (a). Therefore, based on previous deployments the case in the right sub-figure is more suitable for the Dense Urban deployment as per 3GPP practice and we propose the following simpler deployment:

Proposal 5: For high-speed Dense Urban deployment, consider the gNB of each cell to be at the center of 3 hexagonal sectors and deployment of the UEs and their trajectory is as follows:
Trajectory: 
The first trajectory is defined by the line joining the points S-R. The point S is at (ISD/3)m and angle  from the gNB, where  points to the horizontal axis. The point R is at (ISD/3)m and . 
The second trajectory is defined by the line joining points P-Q and is parallel to S-R at 4m towards the gNB. In this case the points P and Q are at a distance ISD/3 – 8m from the gNB and at angles  and  respectively. 
Deployment:
In each cell (sector), the points P, Q, R, S are identified. One UE is randomly dropped on one of P, Q and the other UE is randomly dropped on one of the points R, S. Based on the dropped point the direction of travel of the UE is determined such that the UE travels towards the gNB of the associated cell (sector). 
The procedure is repeated independently for the 21 cells (sectors) with a total of 42 UEs



UE Spatial Consistency and Rotation Modeling
Spatial Consistency Modeling
Since the main goal is to evaluate the performance of a UE under motion, the SLS evaluation for this case is fundamentally different from drop based evaluations performed in the past where UEs are dropped into the system once at the beginning of the simulation and their positions are not changed for the duration of the simulation. Therefore, spatial consistency, while important for MU-MIMO evaluations, does not have a major impact on the evaluation results. However, in the new evaluation setup, where UEs are moving across the cell, it is very important to properly model spatial consistency for both large-scale as well small-scale fading parameters since this has a major impact on the overall simulation results. For example, if not modeled in a spatially consistent manner, the shadow fading can fluctuate widely over the trajectory of the UE and therefore yield a highly unstable channel realization which manifests itself in the fact that the UE is totally incapable of tracking the beams properly. This is not a desirable phenomenon and would impact overall quality of results and more importantly the conclusions that can be drawn from such evaluations. Therefore, it is of utmost importance to ensure that large- and small-scale parameters are generated such that they vary slowly (within a realistic range). While the implementation of spatially consistent large-scale parameter generation is up to companies, care should be taken to ensure that there is approximately the exponential autocorrelation relationship 



[bookmark: _Hlk47717413]between different points at distance d m in the trajectory as specified in the WINNER II channel model [7], and where is the decorrelation distance. Additionally, there are two spatial consistency models specified in [8]. The spatial consistency model A is meant for a traditional drop-based simulation where UE positions are not changed over the simulation duration. This model is not suitable for the feMIMO evaluation campaign since it is based on extrapolation from the initial dropped location of the UE and does not account for mobility. The spatial consistency model B should be used since this model calculates the small-scale parameters at each point in the trajectory based on a grid of random numbers which is generated once per simulation for each UE and gNB and the random number values are calculated based on the grid and the UE position at each trajectory update. Therefore, we have the following proposal
Proposal 6: Spatially consistent large-scale parameter generation should be used for mobility evaluations. Additionally, only spatial consistency model B in [8] can be used for mobility evaluation.
The trajectory of the UEs can be sampled at different periodicities and companies should report how often the UE locations are updated in their evaluation assumptions. In order to ensure large scale parameters are updated often enough during the evaluation, it is preferable to update the location every 1m or at least at a distance less than the minimum decorrelation distance of the large-scale parameters for the given evaluation scenario.
Proposal 7: The UE trajectory should be sampled at least the minimum decorrelation distance of the large-scale parameters corresponding to the scenario of evaluation.
We have provided some initial results on SLS mobility evaluations as well spatially consistent large-scale parameter generation with adequate UE trajectory sampling in the next section.

UE Rotation Modeling
The performance of beam tracking can vary greatly with UE terminal rotation over time. If there is no UE rotation, the tracking performance can be quite good since in linear trajectories of the type being considered, the optimal beam and panel changes slowly along the trajectory. On the other hand, in a more realistic scenario where the UE terminal may rotate over time, the beam tracking may become more difficult or require very high overhead of signaling. Therefore, UE rotation modeling is beneficial to finding the performance bottleneck of beam management schemes. One option is to randomly rotate the UE terminal every time the trajectory is updated. Another more formal option is to rotate the UE terminal every TTI based on a fixed rpm (one rotation = 360). The axis of rotation could be the  axis in the LCS of the UE.
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Figure 7: UE rotation modelling over time where UE rotates along one axis with a fixed rpm.

Proposal 8: UE rotation modelling should be used with the rotating on a given axis (e.g.,  axis in the LCS) with a fixed rpm. The rpm value can be further discussed.
Beam Indication and TCI Switching Latency Modeling
For any realistic evaluation of beam management performance, additional impairment modelling on top of overhead needs to be considered. At the minimum, beam acquisition and indication latency and a TCI switching latency needs to be considered. A good starting point for the acquisition latency is 40ms or multiples thereof. For the case of beam application or TCI switching latency, we consider the current RAN1 specification of 3ms delay.
Proposal 9: Impairments such as beam acquisition, indication and TCI switching delay should be modelled for mobility evaluation of beam management protocols.
Performance Metrics and Evaluation Goals 
The evaluation assumptions for High-speed Dense Urban and HST scenarios are quite elaborate, especially for the case of Dense Urban with a 21 cell, 42 UE deployment per drop. During the email discussions multiple performance metrics have been raised e.g., UPT with FTP model 3 traffic (and even model 1), User throughput with full buffer traffic etc. However, before agreeing on advanced performance evaluation metrics, it is very important to clarify the objectives of this evaluation. While a mobility evaluation based on SLS as the baseline tool is a novel approach, simply observing the UPT for such simulations especially with large number of UEs and gNB will still not give much insight into the real performance bottlenecks of current NR beam management protocols. The goal of the WID is to reduce latency and overhead of multi-beam operation and the evaluation campaign should also strive to evaluate such metrics that yield insights towards latency reduction. To this end, our suggestion would be to keep the initial round of evaluations rather simple to gain basic insights. Just observing beam tracking performance based on RSRP (measured power with fast fading and not the average RSRP formula used for association) would yield a lot of interesting insights. Therefore, we have the following proposal
Proposal 10: For initial system level evaluations, adopt simple methodologies to gain insight into multi-beam tracking performance and modeling. Single cell with at most 2 UEs and L1-RSRP based measurements can be studied. Companies to report Spatial consistency modeling and rotation/blockage modeling assumptions.
For further evaluation, full buffer simulations should suffice to evaluate the worst-case performance in a fully loaded system. We do not think that simulating non-full-buffer traffic models will yield any additional insights into the performance of beam management protocols. 
Finally, inter-cell simulations were also discussed as part of the EVM email discussion. A major change compared to single cell simulations in this case is the requirement of handover modeling. For inter-cell EVM, the UE trajectories can be linear and modeled according to Figure 5.4.5.1.2 of [9]. The details of handover modeling can be further discussed i.e., how to average or filter the time domain RSRP measurements over all beams in order to decide handover event. However, this can be quite complicated and for SLS based evaluations, lead to unreasonably long simulation times. In our understanding, the added benefits of performing such simulations is still not clear and needs to be further discussed in RAN1.
Proposal 11: The added benefits of inter-cell mobility simulation with handover modeling needs to be further clarified and only performed if adequate benefits over single cell simulations are available. In the case inter-cell mobility is simulated, the UE trajectory can be linear and can follow the modeling in Figure 5.4.5.1.2 of [9].

Initial Evaluation Results
In this section we present initial results for SLS based mobility evaluation. For this case, we have modeled a single UE moving in a linear trajectory within a cell. The UE has two panels facing 180 apart and system is operating at a CF = 30 GHz and 120kHz SCS. We consider a Urban Micro deployment with 200m ISD and an outdoor UE at a speed of 150km/hr. Detailed evaluation assumptions are provided in the Appendix. 

Trajectory and Spatial Consistency
The evaluations are performed for the trajectory shown in Figure 7. The trajectory is shown for 2sec of travel time and the preliminary results for beam tracking are provided over 1sec of travel time on this trajectory. The trajectory is sampled every 1m. 
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[bookmark: _Ref47722409][bookmark: _Ref47722393]Figure 8: UE Trajectory for travel time of 2sec at 150km/hr

In this simulation spatial consistency has been modeled for both large scale parameters and small-scale parameters using spatial consistency model B from [8]. The following figures show how the large-scale parameters vary over the trajectory sample points. 
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[bookmark: _Ref47723269]Figure 9: LSP variation over the UE trajectory for 1sec travel time
From Figure 8, it can be seen that the large scale parameters especially shadow fading which has a major impact on RSRP varies slowly over time as the trajectory is sampled. The same holds true for other LSPs. For small-scale fading, the spatial consistency model B is leveraged and the fast fading RSRP also shows consistent behavior over the UE trajectory. 

Beam Tracking Performance with Impairment Modeling
In this section, based on the trajectory above, we provide our initial evaluation of beam tracking performance for UE with and without rotation modeling. For these evaluations, we have assumed that the UE has a 40ms (320 slot) latency of beam acquisition and a 3ms (24 slot) latency of beam application due to TCI state switching delay. Furthermore, the UE position is updated every 1m (192 TTI) and the large-scale parameters are kept constant between any two position updates. The small-scale parameters are generated for every slot.
For this evaluation, we consider a baseline genie-aided scheme which assumes perfect knowledge of channel at every TTI and can select the optimum beam/panel at the gNB as well as the UE. This scheme provides an upper bound on the beam tracking performance in terms of observed RSRP. 
Performance with No UE Rotation
The fast fading RSRP is used as a performance metric for these evaluations. The RSRP is calculated as the power of the fading channel for a given beam pair link averaged across polarizations. The genie aided scheme measures the fast fading RSRP for every beam pair link in every TTI and chooses the best beam pair at UE and gNB. The scheme with impairments modeled evaluates beams every 40ms and applies it 3ms later. After evaluation, the beam is kept constant for the next 40ms until it can evaluate and apply new beams again. 
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[bookmark: _Ref47725351]Figure 10: Performance Comparison of Genie aided vs realistic schemes for the case with no UE Rotation Modelling
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[bookmark: _Ref47727859]Figure 11:Fast Fading RSRP CDF for the case with no UE Rotation Modelling
From Figure 9, we can see that when UE rotation is not modeled, even with impairment modeled due to latency of beam measurement and application, the UE is able to track the optimal beam fairly well. In the figure, we can also observe that when the genie-aided scheme changes beam to a neighboring beam at TTI 1626 right after beam measurement at TTI 1600 and the application of the beam at TTI 1624, the performance of real system diverges from the optimal. However, over the course of the trajectory the overall tracking performance is good as evidenced by the CDF in Figure 10, and impairments do not have a major impact due to the linear motion and lack of other blockage modeling. 
Performance with UE Rotation at 1 RPM
[image: ]
[bookmark: _Ref47726763]Figure 12: Performance Comparison of Genie aided vs realistic schemes for the case with 1RPM UE Rotation Modelling along the  axis in LCS
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[bookmark: _Ref47727911]Figure 13: Fast Fading RSRP CDF for the case with 1RPM UE Rotation Modelling along the  axis in LCS
In the case when UE rotates at 1rpm where each rotation is 360, the impact of impairment becomes much more pronounced. From Figure 10, it can be observed that the genie aided scheme is able to track the optimal beam much better than the scheme with impairments. In some cases, the realistic scheme undergoes drastic decrease in measured RSRP and recovers only when the beam is updated after 40ms of measurement. Overall, the RSRP CDF shows a 2dB median degradation as shown in Figure 12. Note that in this simulation, the measurement is performed at the 40ms period and the beams are applied after 3ms. This is an ideal case since in a real system all beam measurements are not done at the 40ms period, rather it is spread over the 40ms and the beam information at the time of application is staler than in this evaluation. As a result, the real-world beam tracking performance with UE rotation is expected to be worse than the red curve. 
Observation 12: For linear trajectory mobility of UEs within a single cell 
When the UE panels retain their orientation throughout the simulation duration, latency impairment modelling has limited impact and the UE is able to track beams over fast fading channel.
UE rotation along with latency impairment modelling has major impact on UE beam tracking performance, even when mobility is over a linear trajectory.
It might be advantageous to consider evaluations where UE mobility is over piecewise linear trajectories that involve UEs turning to emulate corners in urban streets. Such models might reveal major impact on UE beam tracking performance.
Coverage Loss Mitigation due to MPE Regulation
SLS Evaluation Assumptions
For the MPE SLS evaluation a baseline of 3 panels per UE (left, right and back) is a reasonable assumption. The panel blocking model proposed in the email discussion is also a good starting point i.e., at the beginning of the simulation, blocked panel is randomly chosen for each UE and is maintained for the rest of the simulation. The transmit power for the case when the blocked panel is used, is reduced by 10dB P-MPR. Other values of P-MPR need not be considered. For MPE evaluations, full buffer traffic model should be used as baseline.
Proposal 13: For MPE evaluations, full buffer traffic model should be used as baseline.
Discussion MPE Related Enhancements
In RAN4#92bis the following agreement was reached in RAN4 regarding possible solutions [7].
	· Rapid indication methods
· P-MPR
· Before P-MPR is taken
· While P-MPR is applied
· Can be one bit or include more information
· Alert/Emergency signal to indicated back off is about to happen
· Is this alert only or does it contain more information?
· Assistance information methods
· Energy headroom
· How much energy UE has for transmissions until specific time
· Power headroom
· PHR reporting is in place already
· Exposure headroom
· Dynamic or Multiple maxUplinkdutycycle



Although the above approaches are capable to indicate the MPE problem existing in the UL transmission, they certainly don’t support the recovery procedures helping to avoid radio link failures and connection releases. It is, therefore, necessary to amend the above approaches with reporting of the additional information related to recovery of the UL link.

Rel-15 beam reporting framework for FR2 is MPE-unaware, the optimal beam report doesn’t differentiate DL and UL transmission links and there is no mechanism (except explicit SRS transmission) to indicate UL beam, which doesn’t have significant Tx power constraint existing at the UE side due to the FR2 UE RF exposure compliance reasons. 

As the result, even when MPE limited situation is reported from the UE to gNB using RAN4 solutions [2], the gNB may not be able to improve UL transmission performance, because the considered by RAN4 solutions do not contain the recovery information. RAN4 solution however can be improved if the recovery information is included in the report facilitating selection at gNB of the less MPE-limited (with small P-MPR) beams for UL transmission (see Figure 14).
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Figure 14: Illustration of the need of beam selection enhancement to avoid MPE issue

In particular if the large P-MPR, alert/emergency signal or duty cyclic constraint is transmitted by the UE for the active UL beam, UE may also report the alterative communication beam (e.g., with lower P-MPR or less duty cycle constraints) for UL transmission, similar to BFR recovery response specified in Rel-15/Rel-16 NR to cope with blockage issue. The framework of BFR can be largely reused to support UL beam recovery due to MPE. 

Summarizing discussion above the following proposal can be made.

Proposal 14: Amend RAN4 solutions for MPE to include recovery information indicating alterative UL beam with lower P-MPR or duty cycle constraints

Conclusion
In this paper, beam management enhancement for Rel-17 feMIMO has been discussed. Proposals on latency/overhead reduction, SLS based mobility evaluations, MPE coverage enhancement and evaluation assumptions has been provided. The main proposals and observations from this paper are outlined here:
Proposal 1: SRS/CRI based flexible beam mapping can be used to reduce beam indication and tracking latency. 
Proposal 2: To reduce beam acquisition latency, beam relations between different SSB beams can be indicated to the UE such that Rx beam refinement can be achieved without exhaustive search. Similar functionality can also be used for CSI-RS based narrow beam acquisition to avoid exhaustive beam search. 
Observation 3: It should be ensured that UL TCI framework supports at least the current functionality supported by spatial relation information-based signalling. The work scope for such specification should be accounted for and additional benefits of UL TCI framework, if any, should be clarified.
Observation 4: For UL TCI state, SRS can be added as a QCL reference RS in the current DL TCI configuration for a unified approach. Additionally, UL power control parameters for PUCCH also need to be added to the framework.  
Proposal 5: For high-speed Dense Urban deployment, consider the gNB of each cell to be at the center of 3 hexagonal sectors and deployment of the UEs and their trajectory is as follows:
Trajectory: 
The first trajectory is defined by the line joining the points S-R. The point S is at (ISD/3)m and angle  from the gNB, where  points to the horizontal axis. The point R is at (ISD/3)m and . 
The second trajectory is defined by the line joining points P-Q and is parallel to S-R at 4m towards the gNB. In this case the points P and Q are at a distance ISD/3 – 8m from the gNB and at angles  and  respectively. 
Deployment:
In each cell (sector), the points P, Q, R, S are identified. One UE is randomly dropped on one of P, Q and the other UE is randomly dropped on one of the points R, S. Based on the dropped point the direction of travel of the UE is determined such that the UE travels towards the gNB of the associated cell (sector). 
The procedure is repeated independently for the 21 cells (sectors) with a total of 42 UEs
Proposal 6: Spatially consistent large-scale parameter generation should be used for mobility evaluations. Additionally, only spatial consistency model B in [8] can be used for mobility evaluation.
Proposal 7: The UE trajectory should be sampled at least the minimum decorrelation distance of the large-scale parameters corresponding to the scenario of evaluation.
Proposal 8: UE rotation modelling should be used with the rotating on a given axis (e.g.,  axis in the LCS) with a fixed rpm. The rpm value can be further discussed.
Proposal 9: Impairments such as beam acquisition, indication and TCI switching delay should be modelled for mobility evaluation of beam management protocols.
Proposal 10: For initial system level evaluations, adopt simple methodologies to gain insight into multi-beam tracking performance and modeling. Single cell with at most 2 UEs and L1-RSRP based measurements can be studied. Companies to report Spatial consistency modeling and rotation/blockage modeling assumptions.
Proposal 11: The added benefits of inter-cell mobility simulation with handover modeling needs to be further clarified and only performed if adequate benefits over single cell simulations are available. In the case inter-cell mobility is simulated, the UE trajectory can be linear and can follow the modeling in Figure 5.4.5.1.2 of [9].
Observation 12: For linear trajectory mobility of UEs within a single cell 
When the UE panels retain their orientation throughout the simulation duration, latency impairment modelling has limited impact and the UE is able to track beams over fast fading channel.
UE rotation along with latency impairment modelling has major impact on UE beam tracking performance, even when mobility is over a linear trajectory.
It might be advantageous to consider evaluations where UE mobility is over piecewise linear trajectories that involve UEs turning to emulate corners in urban streets. Such models might reveal major impact on UE beam tracking performance.
Proposal 13: For MPE evaluations, full buffer traffic model should be used as baseline.
Proposal 14: Amend RAN4 solutions for MPE to include recovery information indicating alterative UL beam with lower P-MPR or duty cycle constraints
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Appendix: SLS Evaluation Assumptions
	Simulation Parameters
	Dense Urban MICRO eMBB

	Carrier Frequency
	30GHz

	Simulation BW
	50MHz

	Sub-carrier Spacing and Slot Length
	120 kHz SCS, 14 OFDM Symbol slot

	Channel Model
	5G-UMi (LOS)

	Inter-Site Distance
	200m

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (8,1,2,1,1): Single Panel BS
8 DFT Beams (all elevation)

	UE Antenna Configuration
	(M, N, P, Mg, Ng) = (2,2,2,1,2): 2 Panels (0)  
4 DFT Beams per panel (2 azimuth, 2 elevation)

	BS Height
	10m BS

	UE Deployment
	1 outdoor UE @ 150 kmph

	Latency Impairment Modeling
	UE Beam Acquisition Latency = 40ms
UE Beam Application Latency = 3ms

	UE Rotation
	X RPM Rotation along the -axis of the LCS with X = 0,1

	UE Trajectory Sampling
	Linear Trajectory Sampled every 1m or 192 slots

	Spatial Consistency Modelling
	Decorrelation distance-based Autocorrelation for LSP
Spatial Consistency Model B from TR38.901 for SSP 
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