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1 Introduction
In RAN1#89 [1], the following agreements were achieved:

QCL assumption for beam management:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default

· Note: default assumption may be no QCL

· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling

· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling

· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Beam group based reporting:

· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting

· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

· For beam management with beam group reporting the following quantities should be considered

· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N

· the number of groups to report L 

· the number of Tx beams per group in the report Q

· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead

· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead
In this contribution, we discuss the general views for beam management, beam reporting mechanism, beam indication for DL beam management, etc.

2 Discussion on DL BM
2.1 General views for DL BM

Three DL BM procedures had been introduced to achieve the acquisition of gNB Tx beam or UE Rx beam. For P1 and P2 procedure, group based beam reporting had been supported according to the measurement for multiple beamformed DL RS resources, e.g. CSI-RS/DMRS. While lots of remaining issues need to be further studied in specification, e.g. how to determine beams constituted of a beam group, how to report the beam state information within a group. In following section 2.2 we will discuss these issues.  

In addition, to assist UE’s receiving for DL channel, a beam indication mechanism had been introduced in NR. For DL, beam indication is expected at least for beam management, CSI acquisition, and subsequent transmission of DL control/data channels. The detailed indication mechanism for control channel can be found in our companion contribution [2].  And for data channel, there are still some remaining issues, e.g. how to define the validation of this indication. In section 2.3, related discussions will be given. 

For P3 procedure, UE Rx beam training only is performed according to a same gNB Tx beam. Different specification impact from P2/P3, e.g. beam report and RS configuration etc. may be needed. In addition, how to determine the CSI-RS resource in P3 also needs to be discussed refer to section 2.4. 

2.2 Beam reporting procedure and framework for P1/P2
Common configuration framework for beam management and CSI acquisition had been agreed at last meeting. And for different functionalities, there will be different report settings and measurement links. For example, some specific report parameters for beam management including multiple RSRP(s) etc. are needed for the report settings of BM. When multiple report settings are simultaneously triggered, report rules for different functionalities based on a common framework need to be further studied.           

Based on the framework of reporting setting for beam management, different beam reporting procedure including aperiodic, periodic, semi persistent reporting can be supported. These procedures are usually be triggered/configured by gNB. In high frequency case, the channel will be affected by the blockage, caused by moving or static objects. To overcome this issue, more than one beam/beam pairs can be monitored by UE. With more reported beam number, high reliability can be achieved. While the feedback overhead for corresponding beam state information also increases. 

To improve reliability with reasonable overhead for multi-beam transmission, UE event driven beam reporting mechanism should also be considered in NR.    

For the beam information update, event triggered beam information reporting provides a mechanism to update the beam information to minimize the feedback overhead of multiple beam reporting. 

The driven event for beam reporting can be provided by a threshold (e.g. a channel quality threshold). Alternatively, this threshold can be configured by gNB or predefined by specification.  After UE measures the Xth beam, UE found that the counted beam number that satisfies the condition of the beam quality exceeding the predefined/configured threshold is sufficient, and then UE triggers the reporting in advance to notify the gNB.  . 

In addition, UE can also determine and recommend an actual reported beam number based on the measurement and the corresponding quality threshold For example, when UE cannot find qualified beams as many as that configured by gNB, it can make such recommendations.  And this reporting scheme can significantly reduce the overhead of multiple beam reporting.                 
Proposal 1: UE event driven beam reporting should be supported to reduce the feedback overhead.

2.2.1 Group based beam reporting mechanism 

At last meeting, two beam grouping criteria were given and considered.  

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

Same indication for which gNB Tx beams can be received simultaneously at the UE can both be acquired by the two criteria. While for A2, feedback information including group indicator is mainly determined by UE’s panel structure in the case of analog beamforming at UE side and this will induce that group based beam report is UE implementation related operation. 
From perspective of performance, it is beneficial to acquire the strongest gNB Tx beams which can be simultaneously received at UE. These beams can be grouped to maintain the current link. Generally, when all gNB Tx beams in a beam group with A1 criteria are blocked (i.e. No gNB Tx beam(s) can be received at some time instance), the beam failure should be declared. Based on the above analysis, we have slight prefer to A1 (based on Alt.1) for group based beam reporting. And to verify this point, we give a simplified system simulation for the performance comparison between these methods.  
Three methods for beam reporting are modeled and simulated in the urban macro scenario, i.e. Alt.1, Alt.2 and beam based method. Wherein, beam based method is a reporting method without beam grouping. The same number of report beams is assumed among the three methods. The detailed evaluation assumptions mainly follow Phase 2 system-level calibration except the channel model. The simulation parameters for the urban-macro and indoor-hotpot scenarios are illustrated in Table 3 and Table 4.
From the evaluation results shown in Table 1, it can be seen that significant cell throughput gain for Alt.1 can be achieved (19.5% and 8.2% gain compared with Alt.2 in InH and UMa scenarios, respectively). To furthermore clarify this, the rank distribution are also given in figure 1. It can be observed that the probability of higher rank is larger in Alt.1, thereby it can benefit the MIMO transmission just as seen from UE throughput. The possible explanation is that the beam grouping method in Alt.1 is more beneficial for multiple layer transmission at TRP side. Multiple preferred beams from different panels can well match the rich channel propagation in both UMa and InH scenarios.   

	
	Cell average throughput (Mbps)
	    Gain in UMa (%)
	Gain in InH (%)

	2Tx & 2Rx panels
	Alt.1 vs. Alt.2
	6.0%
	8.4%

	
	Alt.1 vs Beam-based
	2.2%
	4.3%

	4Tx & 4Rx panels
	Alt.1 vs. Alt.2
	8.2%
	19.5%

	
	Alt.1 vs Beam-based
	4.1%
	11.7%


                      Table 1.  Cell throughput comparison between three beam reporting methods
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(a) InH scenario with 2Tx & 2Rx panels     (b) UMa scenario with 4Tx & 4Rx panels
Figure 1 An illustration of rank distribution
In another aspect, all gNB Tx beams can be received simultaneously in the case of digital or omnidirectional beamforming at the UE. When further restriction (i.e. C1) is used, only one beam group can be supported with the criteria of A1+C1. This will induce unnecessary constraint for UE’s report behavior and degrade the flexibility of beam grouping.

Based on the above analysis, we have the following observation and proposal: 

Proposal 2:  Alt.1 can be considered for beam grouping criteria.  
Furthermore, in order to flexibly adapt to different scenarios/cases, beams constituted of a group can be associated with a principle. The associated principles can include benefiting multiple users paring, or anti-blockage especially in high speed scenario. For example, UE can be configured to report two groups’ beam information. The beams in the first beam group are constructed by low spatial correlation with serving beam B2. Thereby the beam reporting information in group one can be used deal with blockage. And the beams in the second group are high correlated with B2. The beam reporting information in beam group 2 can be used to assist multiple user pairing. One example to define high or low spatial correlation between two beams is that RSs transmitted on the two beams are spatial-QCLed or non-spatial-QCLed, respectively. Another example is that high or low spatial correlation between two beams can be determined based on the difference of Rx spatial parameter(s) between them.
These principles can be represented by some predefined events and each beam group associates an event. According to different requirements, gNB can configure the associated event for each one among L beam groups.                                 
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Figure 2 An illustration of beam grouping 

Based on UE capability of maximum simultaneously received TRP Tx beams, different group size can be determined according to associated principle for this group. For example, when the robustness becomes especially urgent, the beam number in group with low spatial correlation should be larger. Obviously, it is beneficial to adapt to various scenario and requirement in NR. 

There are the following two alternatives for the determination of group size: 

· Alt.1:  Network configuration (gNB controlled method)  

· Alt.2:  UE recommendation (UE initiated method)  

For Alt.1, gNB can control the reported beam number in different group according to different requirement.  And for Alt.2, UE can precisely recommend an appropriate beam number for each group based on the measurement of DL reference signal. The two alternatives both should be considered for the determination of group size.      

Proposal 3: A flexible configuration for grouping principle, e.g. high/low spatial correlation with the serving beam, and group size should be supported for group-based beam information reporting with Alt.1.

To enhance reliability, UE can be configured to report multiple groups’ beam information. At last meeting, the following quantities for beam group reporting were agreed to be considered: 

· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N

· the number of groups to report L 

· the number of Tx beams per group in the report Q
As discussed in above section, the number of groups to report and the number of Tx beams per group are related to UE’s capability and gNB’s requirement for transmission. Either the max number of beam group M or actual number of beam group L can be configured to UE by gNB. Based on this configuration, UE can further determine an actual number of beam group based on UE capability. Similar, the max number of Tx beams per group N or report number of Tx beams per group Q can be configured, and UE can further determine actual number of Tx beams per group according to a channel quality information threshold.
Thereby, we think that just one between max number and report number of beam group/Tx beams per group can be configured to UE. Based on this scheme, only two quantities in the agreement, i.e. either the first and second quantities or the third and the fourth quantities for beam group reporting is enough for the above A1 based grouping method.  In details, the values of (M, N) or (L, Q) for Alt.1 are mainly related to the following aspects: 

· The number of UE panels, e.g. upper bound for group size 
· The number of gNB panels 

· Max layer number for MIMO transmission, i.e. 8  

· UE report capability for multiple beams

· The requirement of anti-blockage 
From the perspective of beam reporting, it is preferred to minimize the feedback overhead for both PUSCH and PUCCH transmission. Thereby, the beam group number and group size should be restricted to the minimum requirement value in the above aspects. In addition, due to the constraint imposed by gNB RF implementation, the reported gNB beams in one beam group may not be transmitted simultaneously. The gNB antenna structure including panel structure should also be considered when determining the group size.     
Proposal 4: The values of M, N, L, Q can be determined by the following aspects: 

·   The number of UE panels, e.g. upper bound for group size 

·  The number of gNB panels 

·  Max layer number for MIMO transmission, i.e. 8  

·  UE report capability for multiple beams

· The requirement of anti-blockage 

2.2.2 Beam quality information 

Basically, the reported beam information includes the information indicating groups, DL Tx beams, and the corresponding L1-RSRP and/or CSI. Information indicating DL Tx beams can be represented by CSI-RS resource indicators (e.g. CRI), antenna port index, etc.  

Based on various scenarios, different beam determination methods can be used in NR. For multiple beam based transmission, when the number of beams is large, multi-stage beam determination method can be performed to speed up beam training. For this method, multiple stage of "class B" eMIMO type, e.g. Class B with K>1 can be regarded as a starting point to determine multiple selected beams in different stage. 

If this determination method is adopted in NR, accordingly, there will be multiple resource indices for different stages. In a single stage method, more than one resource (i.e. multiple resource indices) can also be selected and reported. While for multi-stage determination method, high error diffusion between these resource indices needs to be carefully considered. For example, if an error happens for the channel measurement in the first stage, then the channel measurement in the second stage will also be affected.  This is very different from single stage method. Thereby, the resource index corresponding to the first stage is the most important. The resource index for the second stage and the resource index for the third stage follow with the order. Considering these gradual reliability requirements, layered “CRI” design should be considered in NR. 

In order to guarantee reliability of the reported “CRI” corresponding to the earlier stages and simultaneously maximize efficiency of multi-stage “CRI” (s), a layered design is proposed. For example, layered report method or layered encoding method can be considered. 

Proposal 5: Different reliability requirement of resource indices at different beam determination stages should be considered in NR.
To support fast beam information reporting, the RSRP-like for beam management should be L1 quantity without the L3 filtering. This RSRP with L1 quantity can be defined similar as CSI-RSRP in LTE. The legacy L3 filtered RSRP is reported in the higher layer, but the L1 RSRP should be reported directly on the physical channel, the transmission reliability and the channel capacity for L1 RSRP should be considered. 
Beam management procedures should support continuous refinement and tracking of the acquired beams / beam pairs in order to maintain the channel quality. Several options can be considered for beam report:

· Option 1: A basic beam report can contain information indicating the best beam (N=1) as well as the L1 RSRP associated with the beam. This option is simple and the resulting feedback size is minimal, but the acquired beam / beam pair is vulnerable to blockage of the main path between the pairs, e.g., LOS blockage.

· Option 2: The format of a report can be extended to include N>1 beams separately. This option provides a simple extension to the above format, but suffers from increased feedback size proportionally to the number of beams selected for reporting. The overall resources dedicated to this feedback format can be significant given that a mobile UE may require continuous and frequent beam reporting for the purpose of tracking.

· Option 3: The format of the above multi-beam feedback can be reduced by allowing differential feedback for additional beams, e.g., for N=2. This option provides a better tradeoff between link reliability and the amount of resources dedicated to link maintenance.

Figure 3 shows the advantage of differential beam report in terms of beamforming gain vs. the feedback size. In this figure, a channel with one dominant beam of 30dB SNR and negligible multipath is considered, and the feedback size and the beamforming gain corresponding to each of the above three options are shown. In the simulated examples, a 16-element ULA with a codebook of 32 DFT beams is considered, but the TRP sweeps only every 4th beam to reduce beam training time. Then, based on UE report, best beam out of the full codebook of 32 beams is selected for transmissions.

· Option 1 suggests reporting only information indicating the best beam (N=1), hence requiring only 3 bits. However, this option results in ~3.5dB loss compared to the ideal beam (pointing directly toward the UE).

· Option 2 suggests reporting information of the top N=2 beams together with their respective amplitude/power, hence requiring larger feedback size as a function of the quantization resolution. This option reduces the loss to ~1.5dB in the simulated scenarios, but at the cost of 3x~4x larger feedback size.

· Option 3 suggests reporting information of the best beam, plus 1 bit for reporting whether another beam is considered for differential feedback, i.e., N=2. A differential metric is then quantized and reported. The differential metric used in the simulations follows (P1-P2)/(P1+P2) quantized, where P1 and P2 are the power of the best beam and the other beam, respectively. The simulations show that this option provides higher beamforming gain with smaller feedback size. The only cost of this option compared to Option 2 is a small computation at the UE.
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Figure 3 Reducing feedback size through differential beam report. 

(All beamforming gains are normalized to optimal analog beamforming towards the particular UE)
Proposal 6: Differential multi-beam quality reporting should be supported in NR.
In addition to beam reporting, CSI reporting consists of reporting adaptation parameters by the UE to the gNB. These parameters include CQI, PMI and RI. A joint exhaustive search over all possible adaptation parameters is one way of reporting these parameters, but it imposes inevitable delay and is computationally complex, especially when the number of analog beams to search is large. Also, as mentioned earlier, different ranks of transmission (i.e., different RIs) do generally correspond to different sets of preferred beams. Therefore, a two-step CSI report, where the adaptation parameters are reported sequentially, instead of jointly, can reduce the delay and unwanted overhead. A specific two-step CSI report can be considered as follows: the gNB sends beam management CSI-RSs and, in response, the UE feeds back a rank (RI) and its associated set of beams; this step is then followed by the gNB sending beamformed CSI-RSs for CSI acquisition, which uses the reported beams in first step, and then the UE reports the PMI along with the CQI. With such a two-step CSI report, a good tradeoff between performance and complexity can be achieved.
Proposal 7: A joint reporting of the RI and the preferred set of selected RS (beams) followed by a second step of reporting of PMI and the CQI over the beamformed RS achieves a good tradeoff between performance and complexity.
2.3 Beam indication for unicast DL data channel
DCI signaling for indicating spatial QCL between DL RS and DM-RS of DL data channel was supported. CSI-RS resource/measurement reports that the UE has measured and reported previously is a natural choice for the indicator referring to. It was also agreed that a low-overhead indication can be used to indicate the spatial QCL assumption to assist UE-side Beamforming/receiving [2]. This low-overhead indicator can be used to establish logical mapping between beams and signaling and can be used for subsequent beam indication. 

For example, a logical and reduced mapping between the reported UE Rx beam sets or gNB Tx beams and the signaling to be used for beam indication needs to be established and maintained by both gNB and UE. An example of the logical and reduced mapping is given in Table 2. Note that here the bit width for information indicating gNB Tx beams may be far more than 2 bits and such a reduced mapping can help to suppress the signaling overhead in DCI. During beam management, the table can be updated dynamically. For example, to do beam management for the beams corresponding to indicator [10], during P2, gNB indicates [10] and it sends multiple CSI-RS and UE could measure and report and then update CRI associated with [10]. Another example, during P3, gNB indicates [10] and UE could sweep its Rx beams and update the Rx beams associated with [10].

In addition, the bit length of beam indication may not be limited to 2 bits. Depending on a different carrier frequency, for example, beams in 70GHz may be narrower than beams in 30GHz, or depending on a different deployment scenario, for example, UE may benefit from a richer reflecting indoor environment than being outdoor, the optimal number of beams used per UE may vary and a different bit length for the beam indication can be considered.
Table 2 Mapping between indicator, CSI-RS resource and/or port ID and UE Rx beam

	Indicator
	Info. on gNB Tx beams
	Info. on UE Rx beam(s)/beam sets

	[00]
	CRI and/or port ID
	Rx beam(s)/beam sets

	…
	…
	…

	[10]
	CRI and/or port ID
	Rx beam(s)/beam sets

	…
	…
	…


Proposal 8: Support predefined/configurable mapping between UE reported information and gNB signalling for beam indication.  
Another issue for beam indication of data channel is the timing of the corresponding DCI signaling for this indication. It will be necessary to reserve some time offset for the demodulation of DCI signaling and the change of Rx beam especially for analog beamforming case.  A straightforward method is that an offset is defined for this operation delay.  Alternatively, this offset can be predefined or configured by gNB. 
2.4 BM processing for P3
2.4.1 Specification impact for P3

Different from P1 and P2, P3 is mainly for Rx beam refinement and gNB Tx beam is fixed. After acquiring the updated Rx beam, there is no need to report UE Rx beam index to gNB. Thereby it is possible that UE may only be configured with channel measurement while not CRI or CSI report to achieve UE Rx beam sweeping in P3. 
To satisfy this particular requirement in P3, different trigger signaling from P1/P2 can be defined. For example, in P2 procedure, a joint trigger for aperiodic CSI-RS and CSI is preferred to reduce the indication overhead and this joint trigger is carried in UL related DCI. While P3, a dedicated trigger for aperiodic CSI-RS only can be carried in DL related DCI.    
As discussed in our companion contribution [3], a beam sweeping type can be indicated through CSI-RS configuration to distinguish P2 and P3 procedure. Alternatively, the above different trigger signaling and report behavior for P3 can be derived by this sweeping type.  
Proposal 9: A dedicated trigger for aperiodic CSI-RS only can be carried in DL related DCI for P3.
2.4.2 Discussion of additional mechanism for P3

As the common framework was agreed for CSI acquisition and beam management, the entity of beam or the beam ID may not be feasible in NR. The beam may be identified by the CSI-RS resource index (CRI), or combinations of CRIs and other resource index, e.g. CRIs and TU index. The DL beam sweeping includes the transmit (Tx) beams from the gNB and/or the receive (Rx) beams from the UE. In the perspective of resource configuration, current mechanism provides sufficient flexibility for the Tx beam sweeping, but may have problem for the Rx beam sweeping. 

For illustrative purpose, a typical DL beam sweeping scenario is given in the figure 4. In the scenario, 4 Tx beams and 3 Rx beams are to be swept to find a refined beam pair (joint P2/P3). According to current DL BM mechanism, there might be two possible operations. In the first operation, the gNB can configure 4 different CSI-RS resources, and the sweeping type is semi-persistent with a suitable periodicity. For the scenario illustrated in figure 4, the Tx beam sweeping should be repeated at least for 3 times. However, without any prior information or additional mechanism, the gNB may have to maintain the semi-persistent sweeping much longer then needed until the trigger of deactivation. In the second possible operation, the gNB also configures 4 different CSI-RS resources, and the sweeping type is aperiodic. For the same scenario in figure 4, the aperiodic beam sweeping should be triggered for 3 times. Again, if there is no prior information, the gNB may allow UE to request the aperiodic sweeping. 
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Figure 4   An illustration of a typical scenario for aperiodic joint Tx/Rx beam sweeping 
To sum up, to assist the resource setting for DL beam management, an additional procedure/mechanism is needed when the Rx beam sweeping (P3) is involved. The gNB could either acquire necessary prior information, or allow the UE to recommend the “next move” during the beam sweeping procedure.

Proposal 10: The capability of UE RX beam sweeping shall be considered in order to assist configuring CSI-RS resource(s) for DL beam management.
3 Conclusions
In this contribution, we discuss beam reporting mechanism, including beam reporting quantities, reporting procedure and the relationship for different channels. Based on the discussions, we have the following proposals:

Proposal 1: UE event driven beam reporting should be supported to reduce the feedback overhead.

Proposal 2:  Alt.1 can be considered for beam grouping criteria.  
Proposal 3: A flexible configuration for grouping principle, e.g. high/low spatial correlation with the serving beam, and group size should be supported for group-based beam information reporting with Alt.1.

Proposal 4: The values of M, N, L, Q can be determined by the following aspects: 

· The number of UE panels, e.g. upper bound for group size 

· The number of gNB panels 

·  Max layer number for MIMO transmission, i.e. 8  

·  UE report capability for multiple beams

· The requirement of anti-blockage 

Proposal 5: Different reliability requirement of resource indices at different beam determination stages should be considered in NR.
Proposal 6: Differential multi-beam quality reporting should be supported in NR.
Proposal 7: A joint reporting of the RI and the preferred set of selected RS (beams) followed by a second step of reporting of PMI and the CQI over the beamformed RS achieves a good tradeoff between performance and complexity.
Proposal 8: Support predefined/configurable mapping between UE reported information and gNB signalling for beam indication.  
Proposal 9: A dedicated trigger for aperiodic CSI-RS only can be carried in DL related DCI for P3.
Proposal 10: The capability of UE RX beam sweeping shall be considered in order to assist configuring CSI-RS resource(s) for DL beam management. 
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Appendix
Table 3 Simulation assumptions for urban-macro scenario
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming*.  

	Criteria for Beam Selection for interfering TRP
	Considering the actual beam is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	ISD
	500m

	BS Tx power
	43dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2) / (M,N,P,Mg,Ng) = (4,8,2,1,2) 
(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See wall-mount in Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,80% Indoor in houses: 3km/h;10 users per TRP 


Table 4 Simulation assumptions for indoor-hotpot scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming**.  

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.



	Constraints for the range of selective beams per TRP sector
	 [0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). (dV,dH) = (0.5, 0.5)λ

Notes: Boresight direction is perpendicular to the ceiling. 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m


	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h, 10 users per BS 



t1
t2
t3



