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Introduction
This contribution provides simulation results for inter-cell beam management as discussed in the companion contribution [1] and additional enhancements for multi-beam operations based on Rel. 17 beam management framework. 

System Level Evaluation
System-level evaluation is carried out based on the agreed EVM in RAN1#102-e for dense urban (DU) scenario. SU-MIMO transmission is considered in the simulation. The relevant evaluation assumptions and parameters are listed in Table 1, Table 2, and Table 3 in the Appendix. 
The UE throughput performance is used as performance metric. DCI-based beam indication is assumed to have incurred 0.5 ms latency (for the first transmission) with a BLER target of 1%. The details of the latency and overhead analysis for the beam indication are provided in [2]. 
The evaluation results for two scenarios are provided below.

1.1 Scenario 1: no serving cell change + dynamic point selection
This scenario corresponds to the scope of the revised WID [3], wherein there is no serving cell change and dynamic point selection (DPS) among K cells, one serving and two non-serving cells is considered. A beam report from a UE comprises CRI/L1-RSRP for each cell. The NW uses the beam report to select one of the three cells for data transmission. For performance comparison, the case of “no inter-cell” is considered, i.e., the data transmission is from the serving cell only.
The UE dropping is according to the normal DU scenario, and a non-full buffer traffic (FTP1) with 10 users per cell is considered in this evaluation. The results are shown in Figure 1 for the following:
· DCI based beam indication, and no inter-cell
· DCI based beam indication, and inter-cell DPS (among 1 serving and 2 non-serving cells)
The results are shown with DCI based beam indication and no inter-cell as reference in Figure 1. We can observe the following.

Observation 1: the inter-cell multi-beam operation based on DPS among serving and non-serving cells can provide significant performance gain over the “no inter-cell” multi-beam operation.
· ~18% and ~136% additional gain in avg. and 5% user throughput can be achieved.
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1.2 Scenario 2: serving cell change
While this scenario is out of scope for Rel. 17, assessing the performance for this case, however, is informative. In this scenario, there is serving cell change due to inter-cell UE mobility. The interruption time/delay (T) due to the serving cell change is modelled as a uniform random variable in [0, K] where K is the maximum interruption time/delay. The DU highway with the mobility model, as agreed in RAN1#102-e (cf. Appendix), extended to neighbouring cells, is considered in this evaluation (cf. Figure 2).
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The results for K values {50, 200, 500, 2000} milliseconds are provided in Figure 3. We can observe the following.
Observation 2: for the case when there is serving cell change, the inter-cell multi-beam operation can improve system performance significantly since the interruption time (K) due to serving cell change can be reduced
· When compared with K=2000ms (e.g. interruption time during the traditional handover), K=50ms (e.g. interruption time during inter-cell multi-beam) achieves approximately 7%, 12%, and 14% additional performance gain in average, 5%, and 50% user throughput, respectively.
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Additional enhancements
In release 17 [3], multi-beam operation is being enhanced to support more efficient (i.e. lower latency and lower overhead) beam management targeting scenarios with higher speed UEs (e.g. High Speed Trains and Highways), and a larger number of configured TCI states. Multi-beam operation is also being enhanced to facilitate uplink panel selection considering coverage loss mitigation for MPE. In release 17, multi-beam enhancements are focusing on [4]:
· Unified TCI Framework for DL and UL TCI states.
· L1/L2-centeric inter-cell mobility.
· Fast, dynamic TCI state update signaling.
· Fast uplink panel selection for MP-UEs.
· MPE mitigation.

In addition, advanced beam management techniques are also being considered to speed up beam measurement and reporting for improved beam tracking and beam refinement. In this document we consider additional enhancements for beam management by looking into multi-beam enhancements for:
· Group-based mobility
· Initial access
· Leveraging position measurements for multi-beam operation
1 
2 
3 
Group-based beam indication
In group-based beam indication, beam indication is provided for a group of UEs. We consider two-examples:
· In the first example, a group of UEs is moving together in the same direction and at the same speed. For example, they can be UEs in a train or other transportation vehicles. As the UEs are moving together, a common beam indication (TCI state update) signalling can be used to update the TCI state for all UEs in the group. An example is shown in Figure 2, wherein a group of UEs is moving together in a bus, and beam measurement, reporting, and indication can be performed by and based on a group leader in a bus. In this example, group-based beam indication can provide benefits such as: 
1) Reduced overhead, due to fewer beam reports and fewer beam indications
2) Reduced baseband power consumption, due to beam measurements and reporting only performed by the group leader;
3) Improved reliability and reduced latency, as there is a single beam report from the group leader, higher resolution (more narrow beams) and more frequent beam reports can be supported.
Observation 3: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.



[bookmark: _Ref61443320]Figure 4: Group-based beam indication for group-based mobility.

· In the second example, the group of UEs is located in close proximity of each other. This is illustrated in Figure 3, wherein narrow beams with high gains are dedicated to the group of UEs (e.g., one narrow beam per UE) for receiving data and increasing system throughput. A wide beam can be used for beam indication and can be common to a group of users in close proximity. 



[bookmark: _Ref61444491]Figure 5: UE group for UEs in close proximity with a UE-group wide beam for beam indication and UE-dedicated narrow beams for dedicated traffic.

Observation 4: UE-group beam indication can utilize a wider beam for beam indication to a group of UEs in close proximity.

When the gNB transmits a UE-group beam indication, it includes a TCI state update for each UE in the group as illustrated in Figure 4. In general, however, not every UE in the group requires a TCI state update. This not only increases overhead, but also UE power consumption. One way to resolve this issue is by using a two-part beam indication (received in the same slot), as illustrated in Figure 4, wherein only the updated TCI states for  a subset of the UEs are signaled. The first part is a small payload signal (i.e. in terms of a number of payload bits) with a lower processing requirement, carrying information about UEs whose TCI state is being updated in the second part. The second part carries TCI state(s) only for UEs indicated in the first part. The first part is processed by all UEs of the UE group, while the second part only by UEs with updated TCI state(s).
Observation 5: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.



[bookmark: _Ref61445996]Figure 6: Single- and two-part beam indication.

Proposal 1: For better efficiency, study the support of UE-group DCI for TCI state indication. Where the DCI format includes TCI states for a group of UEs.

Beam Acquisition During Initial Access (RACH Procedure) 
During initial access, a UE identifies a beam based on association with an SSB. The UE searches for SSBs that exceed a threshold. The UE selects an SSB that exceeds a threshold (not necessarily the SSB with largest RX power) to determine the associated PRACH Occasions (ROs) to transmit the preamble. Based on the RO of the preamble, network determines the associated SSB and uses the corresponding beam to transmit the Random Access Response (RAR), and subsequent messages, e.g. message 4. The UE after receiving the RAR, transmits message 3 using the same spatial filter as that used for the preamble. This procedure is sub-optimal in at least the following aspects:
· The UE might not select the RO corresponding to the SSB with the largest RX power. There are a few reasons for this, some might be UE implementation related, others might be related to satisfying the MPE requirement, which could prevent a UE from transmitting in the direction of the most optimum downlink beam. In either case, the network doesn’t know that the optimum downlink beam is different from that of the SSB associated with the RO of the preamble. It would be useful to convey this information to the network. For example, this information can be conveyed during the transmission of message 3.
· The beams used during initial access and until dedicated RRC configuration are based on SSB beams. These are typical coarse beams. It would be useful to allow for beam refinement during initial access and before dedicated RRC configuration, based on finer beams.

Proposal 2: Study mechanisms to improve beam management during initial access.

Positioning-Assisted Predictive Beam Management 
Beam management is a multi-step procedure. In the first step, the UE measures the channel, i.e. performs measurements on a reference signal associated with a beam, and reports the beam measurements, along with a beam indicator the to the network. In some cases, the reference signals associated with beams are aperiodic, a UE might spend a request to trigger a beam measurement reference signal, the network triggers and transmits the aperiodic reference signal before the UE can measure and report the beam metrics. When the network receives the beam metrics, it determines the beam to be used and sends a corresponding beam indication to the UE. The time between the appearance of a new multi-path and the actual communication across that multi-path includes the following:
1. Detection that a new multi-path profile can provide better performance than the existing multi-path profile.
2. Trigger and transmission of the reference signal for beam measurement.
3. Measurement and reporting by the UE of beam metrics.
4. Indication by the network of a new beam metric.

In a high-speed scenario, the time between the appearance of a new multi-path profile and its usage for communication can be large compared with the total lifetime of the multi-path profile.
Observation 6: The traditional beam management procedure of triggering a reference signal, measuring and reporting the beam metrics based on the reference signal and beam indication based on the measurements, can be a slow procedure in high speed scenarios, thus degrading performance.

To mitigate the performance degradation due to the latency of the beam management procedure, it would be beneficial to signal the beam indication ahead of time, such that as the new multi-path profile, appears, the UE would be activating a new TCI state corresponding to this multi-path profile. The new TCI state would have been signalled earlier, with an activation time, corresponding to the time of appearance of the associated multi-path profile. Indeed, in a fast beam-changing scenario, for example, as the UE is moving an RRH within a close proximity, the network can indicate a sequence of TCI states with different activation time rather than signalling each TCI state individually, thus reducing signalling overhead. For this technique to be feasible, a UE should be moving along a known trajectory (e.g. cars traveling along a high-way or users in a train moving along a track), the network can predicate future multi-path profiles and signal the corresponding TCI states to with an activation time.

Observation 7: For UEs moving along a known trajectory, network can be predicate future multi-path profiles and signal the corresponding TCI states ahead of time with an activation time. This reduces latency to switch to a new beam, and reduces beam indication overhead by signaling multiple TCI states in the same message.

Positioning information can further assist with beam management. UEs travelling through the same point in space are expected to see the same multi-path profile, especially if the UEs are traveling through the same spatial point in close time proximity. For example, in Figure 5, UE1 passes through point A. UE1 provides to the network a beam measurement report, along with its position information. UE2 is at point B. UE2 provides, its position and velocity to the network. Based on the position and the velocity of UE2 at point B, the network can estimate when UE2 will pass by point A, e.g. time . The network can provide a TCI state corresponding to the multi-path profile (based on UE1’s measurement at point A), to UE2 to be activated at time .


[bookmark: _Ref61447365]Figure 7: Positioning-Based beam management.

Observation 8: Positioning information, can assist the network in building a multi-path profile map of the coverage area that assists in determining the TCI states of UEs passing through a spatial point.
Proposal 3: Study mechanisms study predictive and positioning-assisted beam management schemes.
View on RRC Parameters for Multi-Beam
After RAN1#106-e, there was an email discussion on RRC parameters for Rel-17 features for companies to exchange views. In this section we present our view for RRC parameters for the unified TCI framework

Core to the unified TCI framework is a the Rel-17 TCI state. We suggest that a new IE is defined for the Rel-17 TCI state as follows:

TCI-State ::=                       SEQUENCE {
    tci-StateId                   	   TCI-StateId_r17,
    tci-StateType				   TCI-StateType_r17
    qcl-Type1                           QCL-Info_r17,
    qcl-Type2                           QCL-Info_r17                                                    OPTIONAL,   -- Need R
    ...
}

The TCI state ID for Rel-17 follows the definition of TCI state ID from Rel-15/16

TCI-StateId_r17 ::=                     INTEGER (0..maxNrofTCI-States_17-1)

Wherein, maxNrofTCI-States_17 is the maximum number of TCI states for Rel-17. Our preference is that the maximum number of TCI states can be 256, which is an increase from Rel-15/16 to account for UL TCI states and inter-cell beam management TCI states.

TCI state Type can be defined as:
TCI-StateType_r17 ::=                     ENUMERATED {DL-TCIState, UL-TCIState, Joint-TCIState

We are also open to consider combining DL-TCIState with Joint-TCIState.

Rel-17 QCL Info IE closely follows the Rel-15/16 QCL Info IE, the main additions is to allow SRS a source RS for UL TCI states and to include the pathloss RS for UL and Joint TCI states.

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,       For DL, UL or Joint TCI states
        ssb                                 SSB-Index					  Only applicable for UL TCI states
        srs						      SRS-Index					  Only applicable for UL TCI states
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    pathloss						   CHOICE {                            OPTIONAL, -- For UL and Joint TCI
	 csi-rs							 NZP-CSI-RS-ResourceId,
      ssb							 SSB-Index,
    },
    ...
}

The Release 17 TCI state can be included in:
· PDSCH Config for the TCI state pool definition
· ControlResourceSet
· CSI-AssociatedReportConfigInfo
· NZP-CSI-RS-Resource

For power control, a list of power control parameters can be configured for P0, alpha and Close-Loop ID. 

P0-AlphaSet ::=               SEQUENCE {
    p0-Alpha-CLIDSetId                        P0-PUSCH-Alpha-CLIDSetId,
    p0                                  		  INTEGER (-16..15)                     OPTIONAL, -- Need S
    alpha                                        Alpha                                    OPTIONAL  -- Need S
    clid					                     ENUMERATED {0, 1}                      OPTIONAL  -- Need S
}

We are open to either define one list that can be used for PUSCH, PUCCH and SRS, or define separate lists for each.

For inter-cell beam management, we think that following parameters should be defined:
· InterCellBeamMetrics: Number of inter-cell beam management metrics, which can be {1, 2, 3, 4}
· InterCellMeasurementRS: List of measurement RS for inter-cell beam management of type SSB-Index
· InterCellReportType: Inter-cell beam management report type
· InterCellAdditionalPCI: Additional PCIs for inter-cell beam management measurement and reporting
· QCL-Info_NeighbourCell: To allow a NZP CSI-RS to be QCLed with the SSB of the neighbour for use with indirect SSB.

There are additional RRC parameters needed for the unified TCI framework such as:
· TCI-StateIndicationType: for switching between joint and separate TCI states, per RAN1 conclusion, this is handled by RRC.
· TimeDurationForQCL_r17: This is the beam application time.

Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: the inter-cell multi-beam operation based on DPS among serving and non-serving cells can provide significant performance gain over the “no inter-cell” multi-beam operation.
· ~18% and ~136% additional gain in avg. and 5% user throughput can be achieved.
Observation 2: for the case when there is serving cell change, the inter-cell multi-beam operation can significantly improve system performance since the interruption time (K) due to serving cell change can be reduced
· When compared with K=2000ms (e.g. interruption time during the traditional handover), K=50ms (e.g. interruption time during inter-cell multi-beam) achieves approximately 7%, 12%, and 14% additional performance gain in average, 5%, and 50% user throughput, respectively.
Observation 3: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.
Observation 4: UE-group beam indication can utilize a wider beam for beam indication to a group of UEs in close proximity.
Observation 5: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.
Observation 6: The traditional beam management procedure of triggering a reference signal, measuring and reporting the beam metrics based on the reference signal and beam indication based on the measurements, can be a slow procedure in high speed scenarios, thus degrading performance.
Observation 7: For UEs moving along a known trajectory, network can be predicate future multi-path profiles and signal the corresponding TCI states ahead of time with an activation time. This reduces latency to switch to a new beam, and reduces beam indication overhead by signaling multiple TCI states in the same message.
Observation 8: Positioning information, can assist the network in building a multi-path profile map of the coverage area that assists in determining the TCI states of UEs passing through a spatial point.

Proposal 1: For better efficiency, study the support of UE-group DCI for TCI state indication. Where the DCI format includes TCI states for a group of UEs.
Proposal 2: Study mechanisms to improve beam management during initial access.
Proposal 3: Study mechanisms study predictive and positioning-assisted beam management schemes.
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Appendix
The relevant simulation assumptions are according to the agreed EVM in RAN1#102-e, and are copied below. 
[bookmark: _Ref54128722]Table 1 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
TXRU weights mapping: 2D DFT based beam per polarization
Beam selection: based on L1-RSRP
Number of BS beams: 16

	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 
TXRU weights mapping: 1D DFT
Beam and panel selection: based on L1-RSRP
Number of UE beams: 12 (4 per panel)

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

	Beam correspondence
	Ideal

	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
	DMRS, CSI-RS, PDCCH

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Codebook-based, rank 1 only

	Other simulation assumptions
	Companies to explain serving TRP selection: Similar to sub-6GHz, based on 1 TXRU at gNB sweeping 16 beams and all TXRUs at UE sweeping 4 beams; metric = max sum received power
Scheduling algorithm: PF based

	Algorithm details (when applicable)
	Companies to report:
· Beam reporting mechanism: DCI
· Beam metric L1-RSRP
· Number of active panels: 1 at a time

	Other potential impairments
	Not modelled (assumed ideal) 
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	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
· One UE is dropped for each of the 21 sectors/cells (see mobility description below)
· High speed train (TR 38.802/38.913) @FR2
· One UE is dropped for one cell (see mobility description below) 

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

	UE Mobility and trajectory handling 
	Linear trajectory, intra-cell mobility (constrained within one cell)
· Trajectory sampling at most spaced by decorrelation distance
Dense Urban:




For each of the 21 cells: One UE is dropped as follows: For the upper right sector/cell (can be extended analogously to the upper left and lower sectors/cells, see Appendix B) with d=30m, the UE starts at P and moves along the 120-deg line downward to Q

Each sector is a cell and that the cell association for intra-cell mobility is geographic and not RSRP based.

Note: Optionally, if for some reason a company would like to simulate only one cell/sector, the company should clearly state this in the contribution, including the assumed interference model.


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

	UE and panel orientation
	· For dense urban, the three panels located facing the right, left and to the front of the direction of motion tend to result in maximum signal reception.
· For HST, the three panels located facing up (+90o), down  (-90o), and left (+180o) tend to result in maximum signal reception.

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



[bookmark: _Ref48000013]Table 3 Baseline assumptions for SLS: Additional simulation assumptions for Dense Urban scenario (FR2) mainly from TR 38.802 Table A.2.1-1, and TR 38.901.
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Scenario
	UMa LOS

	System BW
	80 MHz

	BS Tx Power
	40 dBm

	Maximum UE Tx Power
	23 dBm

	BS receiver Noise Figure
	7 dB

	UE receiver Noise Figure
	10 dB

	Inter site distance
	200m

	BS Antenna height
	25m

	UE Antenna height
	1.5 m

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



50ms	Avg. user throughout	5% user throughout	50% user throughout	1	0	1	0	1	200ms	Avg. user throughout	5% user throughout	50% user throughout	0.99310459705097454	0	0.99193064053645208	0	0.98356742756871496	500ms	Avg. user throughout	5% user throughout	50% user throughout	0.98286386524293545	0	0.96970942177869091	0	0.95538033608422812	2000ms	Avg. user throughout	5% user throughout	50% user throughout	0.93246877635227277	0	0.88511887290871738	0	0.85980782050987337	



no inter-cell	Avg. cell througput	Avg. user throughout	5% user throughout	50% user throughout	95% user throughout	1	1	1	1	1	inter-cell DPS	Avg. cell througput	Avg. user throughout	5% user throughout	50% user throughout	95% user throughout	1.3684935701163503	1.1775073219700498	2.36	1.412802936255195	1.1871176716744025	
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