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	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



Beam Management for Intra/Inter-Cell Mobility
Uplink TCI State
Work Scope in Rel-17 feMIMO
Configuration for Uplink TCI 

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]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.
[image: ]
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. 

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. 


[bookmark: _Ref47699924]Figure 4: 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. 
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.


Figure 5: 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: 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: 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: 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.


Figure 6: UE rotation modelling over time where UE rotates along one axis with a fixed rpm.
Proposal: 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.
Performance Metrics and Evaluation Goals 
[bookmark: _GoBack]

Initial Evaluation Results

Coverage Loss Mitigation due to MPE Regulation
SLS Evaluation Assumptions

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 1).
[image: ]
Figure 7: 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: 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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