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1. Introductions
In RAN #81 meeting, revised Rel-16 NR MIMO working item [1] was approved and the objectives of enhancements on multi-TRP/panel transmission are as following:

· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In RAN1 #94b meeting, the following agreements and conclusion are achieved [2].

Agreement

· L1-SINR is supported. L1-RSRQ is not supported.

· Companies to study and provide definition of L1-SINR

· Study the reporting content, e.g.

· Whether CRI/SSBRI is reported

· Whether differential group/non-group reporting is applied

· Whether L1-RSRP is reported

· Study the interference measurement mechanism

In this paper, we share our views on enhancements on multi-beam operations in Rel-16. 
2. DL/UL beam management overhead and latency reduction
For beam management, it has been widely discussed in Rel-15 and some agreements were made in RAN1. The beam management issues are typically categorized in the following three areas:
· Beam measurement

· Beam reporting

· Beam indication
Although there are agreements achieved in Rel-15, there are some restrictions. The goal of the Rel-16 objective is mainly about enhancing beam management and reduced latency and overhead reduction:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead.

2.1. RRC signalling overhead reduction
For beam indication of DL channels/RSs in Rel-15, up to 128 candidate TCI states can be configured for each BWP on the cell, and there are multiple cells in band. So a large number of RRC signalling is needed to configure candidate TCI states.  Generally for intra-band of FR2, the spatial propagation characteristics are very similar for the channels/RSs on the same direction. For PDSCH, MAC CE is used to select up to 2^N TCI states out of candidate TCI states, and TCI field in DCI message indicates the PDSCH QCL assumption. For PDCCH with K>1 TCI state configuration, the MAC CE can indicate which one TCI state to use for PDCCH QCL indication. For P-/AP-CSI-RS, the QCL assumption is configured through RRC signalling, but the QCL for SP-CSI-RS is indicated in the same MAC CE message that activates the SP-CSI-RS. For the RRC signalling overhead reduction, a common candidate TCI state pool can be shared by all the DL channels/RSs of all the cells in the same band. And then MAC CE/DCI may indicate the TCI state for each DL channel or RS.

Similar to DL beam indication, in Rel-15 RRC signalling is also needed to configure the spatial relation information for UL channels/RSs. The spatial Rx parameters of DL reception can be used to determine the spatial Tx parameters of UL transmission, especially for NR UE with beam correspondence. In order to reduce the RRC signalling overhead, the source RSs indicated by candidate TCI states can be used as the source RSs of spatial relation information for UL channels/RSs.

Furthermore, it can be considered that the default QCL assumption is defined as common spatial filter for DL and UL beam indication. The candidate TCI states for CORESET#0 are configured by higher layer parameter pdsch-config, and MAC CE indicates one TCI state for CORESET#0 QCL indication. The other DL/UL channels/RSs apply the common candidate TCI states of CORESET#0 for QCL/spatial relation information indication. Or the default QCL assumption of the other channels/RSs follows CORESET#0 QCL in current cell, e.g. PDCCH/PDSCH/PUCCH/PUSCH/SRS etc. For the cell without CORESET#0 configuration, the QCL assumption of the CORESET#0 in the given cell can be used as the default QCL assumption, or the QCL assumption of the CORESET with given ID in the given cell can be used as the default QCL. 
Proposal 1:

· A common candidate TCI state pool can be shared by all the DL channels/RSs of all the cells in the same band.
· The source RSs indicated by the candidate TCI states for DL can be shared by UL channels/RSs.
· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.
In NR Rel-15, uplink beam indication mechanisms can be reused as power control parameters indication. For PUSCH, the actual tranmission beam/power control parameter is indicated by SRI, and the linkage of them are preconfigured by RRC. For PUCCH, the actual tranmission beam/power control parameter is indicated by MAC CE, and the linkage of them are preconfigured by RRC. For SRS, as SRS is triggered per set level, the tranmission beam/power control parameter are set level preconfigured by RRC.
Generally, to perform accurate and effective power control, beam indication related downlink RS and pathloss reference RS are aligned. However, they can be independently configured in NR Rel-15. That means when uplink and downlink beam pair association is changed, power control parameters may also need to be reconfigured. The overhead of signaling and reconfiguration lantency cannot be ignored. Consequently, signalling overhead reduction can be considered in NR Rel-16.
Proposal 2:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.
2.2. Beam measurement latency reduction
In Rel-15 for beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology was discussed however it was not supported. As the number of antennas increases, the gNB will have to configure a large number of RS for beam training, which will cause large overhead. In Rel-16 sub-time unit is shorter than 1 OFDM symbol in a reference numerology can be considered to reduce beam switch time and refinement latency. Some of the potential solutions can be further evaluated, e.g. IFDMA, larger subcarrier spacing.

Proposal 3:

· In Rel-16, NR support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
For DL multi-TRP/multi-panel, if the gNB is unable to control the DL beam refinement on a particular TRP/panel, this will increase the SSB/CSI-RS resources overhead configured and measurement latency, especially for P-2 and P-3 procedures. So the flexible configuration of number of SSB/CSI-RS resource sets and size of each resource set need to be considered based on the number of TRP/panel and the number of beams on each TRP/panel. When DL beam refinement is needed, the gNB can indicate a particular SSB/CSI-RS resource set for beam measurement, i.e. local beam sweeping on given TRP/panel, to refine the beams on the corresponding TRP/panel. Furthermore, UE and network alignment of the panels used for measurement could also facilitate the multi-TRP transmission and UE power saving.
Proposal 4:

· Support the functionality of aligning the gNB’s and UE’s understanding on the panel used for DL beam measurement.  
2.3. Beam reporting overhead and latency reduction
In Rel-15, PUCCH is configured for beam reporting. In slow varying channel scenario, e.g. the UE is stationary or low mobility, the UE reported beam also changes slowly, i.e. the UE may report the same beam for few consecutive reporting. In this case there is no need to report the beam measurement results repeatedly to gNB. The event based beam reporting can be supported in NR for overhead reduction to address the slow beam update at the UE.

When the event occurs, e.g. when the difference between current and previous beam measurement results is larger than a certain threshold, the UE will report to gNB otherwise the UE will not report. It can be indicated by gNB whether or not the scheme of event based beam reporting is enabled, or by UE decision based on triggering condition for event based beam reporting.   
The PUCCH or SP-PUSCH can be used for such beam reporting. MAC CE message could also be considered to transmit such event. 
Proposal 5:

· The event based beam reporting is supported in NR for overhead reduction.
In Rel-15 multiple resource sets for beam management and triggering of N>1 aperiodic CSI-RS resource sets with different slots offsets with a single DCI message is not supported. This will reduce the configuration flexibility and increase RS resource overhead in some cases. In Rel-16 for beam refinement the size of CSI-RS resource set can be very small but multiple resource sets are used for local beam sweeping. And it is supported that a single DCI message can trigger the multiple aperiodic CSI-RS resource sets for signaling overhead reduction. So it can be considered that the UE reports CSI-RS resource set indicator(s) for CRI feedback when the gNB configures multiple CSI-RS resource sets for beam management. 

Proposal 6:

·  Support CSI-RS resource set index being reported for beam reporting.

2.4. Beam indication overhead and latency reduction
For SRS configuration in Rel-15, the candidate values for ‘SRS-SetUse’ are {beamManagement, codebook, nonCodebook, antennaSwitching}, which indicates if the SRS resource set is used for beam management vs. used for either codebook based or non-codebook based transmission. The network configures at most one resource set with usage set to ‘codebook’ and at most one with usage set to ‘nonCodebook’. It is necessary to reduce RRC configuration overhead for SRS resource set for the different purpose, e.g. the SRS resource set for beam management can be used for PUSCH scheduling.
In Rel-15 the SRI is adopted to indicate up to 4 beams. It makes the UL beam indication scheme dependent on the presence of SRI field, and the number of UL beams for selection is less. To increase the number of available UL beams, in Rel-16 the UL beam indication can be enhanced, e.g. in DCI message the SRI signaling can be saved. And the CRI/SSBRI in DCI is used to indicate the UL beam, especially for UE with beam correspondence. Especially for non-codebook based PUSCH transmission, the UL beam indication by CRI/SSBRI field could be supported. And RI can always equal to 1 for fall back transmission to avoid the CSI measurement is not accurate under such cases.  

Proposal 7:
· Support SRS resource for beam management being used for UL grant.
· Support UL beam indication by CRI/SSBRI in DCI 
3. UL multi-panel/multi-beam transmission
In RAN1 #94b meeting, the following conclusion was achieved for UL multi-panel/multi-beam transmission.
	For next meeting:

Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH

· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.

· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support


Generally, as shown in figure 1-3, the following 3 cases can be considered as a starting point for UL multi-panel/multi-beam transmission.

· Case 1 : Single panel/beam transmission with dynamic selection

· Case 2 : Multi-panel/multi-beam simultaneous transmission for eMBB

· Case 3 : Multi-panel/multi-beam simultaneous transmission for URLLC
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                      Figure 1.  Case 1                        Figure 2.  Case 2                         Figure 3.  Case 3
For Case 1, the key issue is how to indicate and select one panel from multi-panels. While for Case 2 and 3, the key issue is how to indicate multi-panels simultaneous transmission. In addition, how to perform UL power control for multi-panels simultaneous transmission also should be studied.

Proposal 8:
·  UL multi-panel transmission discussion in Rel-16 should at least include the following issues:

· Multi-panel transmission of SRS with per panel beam selection

· Multi-panel transmission of PUSCH with per panel beam selection

· Multi-panel transmission of PUCCH with per panel beam selection

· Simultaneous transmission of multiple UL channels/RS

· Power control of multi-panel transmission
3.1. Multi-panel/multi-beam transmission with per panel/beam selection

In Rel-15, for RRC connection state, UL beam management is based on SRS. At least one SRS resource set can be configured for beam management, different SRS resource sets can be transmitted simultaneously, while different SRS resources within a SRS resource set only can be transmitted in TDM manner. Typically, different SRS resource sets are associated with different antenna panels. Consequently, SRS resource set selection can be applied for panel-specific beam selection.

For SRS, beam indication is configured by RRC in SRS resource level. The reference RS of SRS resource beam indication can be a SSB id or a CSI-RS resource id or SRS resource id. For PUCCH, beam indication is configured by RRC and activated by MAC CE. The reference RS of PUCCH is same as SRS resource. For PUSCH, beam indication is based on SRI which is indicated by DCI. One SRI is linked with a SRS resource. The reference RS for PUSCH beam indication is obtained from SRS resource beam indication indirectly. If UL beam indication is based on SSB id or CSI-RS resource id, it is not possible to control panel-specific beam selection. However, if UL beam indication is based on SRS resource id, the linkage between SRS resource set and antenna panel can be naturally used to facilitate panel-specific beam selection transmission.

For PUSCH and PUCCH transmission, multi-panel/multi-beam transmission with per panel/beam selection would naturally be supported if multi-panel transmission of SRS resource with per panel beam selection is supported.
Proposal 9:
· Multi-panel/multi-beam transmission of SRS resource with per panel/beam selection should be firstly discussed to facilitate discussion of other issues. 
For multi-panel SRS transmission with per panel selection, one solution is reusing current beam indication mechanism in NR Rel-15, which requires to pre-define global SRS resource set indicators for different panels. However, this solution will multiply RRC signaling overhead. It can be considered that based on the maximum number of SRS resource sets and maximum number SRS resources in each SRS resource sets reported by UE, and the gNB can configure the corresponding SRS resources. Also the spatial relation of these SRS resources can be configured. When UL beam refinement is needed, the gNB can indicate a particular SRS resource set for beam measurement, i.e. local beam sweeping, to refine the beams on the corresponding antenna panel.

Proposal 10:

· For SRS for beam management, NR support UL local beam sweeping by flexible configuration for SRS based on UE capability to reduce UL beam refinement overhead.
For multi-panel/multi-beam transmission, multiple SRI Field values for PUSCH grant will increase DCI overhead and require new PDCCH design. Therefore, one single SRI field to indicate multi-panel/multi-beam transmission can be considered, which requires configuring spatial relation information in port level. For codebook based UL transmission, panel selection could be achieved through TPMI indication.  
For PUCCH configuration and MAC CE activation, multiple SRS resources could be associated with a single PUCCH resource to enable multi-panel transmission. 
Proposal 11: 

· Support per port spatial relation information configuration for SRS resources for codebook.
· For UL grant of multi-panel PUSCH transmission, support to reuse current DCI signaling as much as possible.

Proposal 12: 

· Support to associate multiple SRS resources with a single PUCCH resource to enable multi-panel PUCCH transmission. 
3.2. On UL multi-panel/multi-beam power control

In Rel-15 single carrier transmission, simultaneous UL transmission with different types of channel(s)/RS(s) are not supported. As multi-panel/multi-beam simultaneous transmission may be supported in Rel-16, which means current power control mechanism in Rel-15 also should be enhanced. Firstly, power control parameter indication for multi-panel/multi-beam simultaneous transmission should be specified. Secondly, power control formula and PHR calculation formula for same or different channel simultaneous transmission should be updated. Last but not the least, priority rules should be predifined if multi-panel/multi-beam simultaneous transmission power would exceed the maximum transmission power of UE.
Proposal 13:
· For UL multi-panel/multi-beam simultaneous transmission, at least the following power control related aspects should be studied,

· Power control parameters configuration

· Close loop power control TPC indication 

· Power limit when  same or different channels are transmitted simultaneously 
· Priority rules for multi-panel/multi-beam simultaneous transmission power exceed the maximum transmission power of UE.
4. Enhancements on SCell beam failure recovery
For SCell beam failure recovery, it had been widely discussed in Rel-15 and some agreements were already made in RAN1. The goal of the Rel-16 objective is to specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15. Although there are agreements made in Rel-15, the agreements are with some restrictions as follows:

· Number of SCells BFR to be supported on is 1.

· UE is not mandated to support BFR on SCell.

· Number restriction of monitored RS.

· There is no additional RAN1 specification impact for BFR on SCell.
Due to the UE is not mandated to support BFR on SCell according to Rel-15 agreements, if beam blockage happens on SCell, gNB may release this SCell and re-schedule the data transmission. This implementation will decrease scheduling efficiency and increase the higher layers signalling propagation latency. In order to quickly recover the beam from the beam failure on SCell, in Rel-16 the detailed signalling configuration and recovery procedure need to be discussed and determined to support SCell BFR. So there are some issues to consider. 

In Rel-16 further discussion is needed on the necessity of SCell BFR with downlink only or with downlink and uplink. And the number of SCells BFR to be supported on can be larger than 1. Basic configuration of beam failure detection on SCell should at least be supported. The BFD RS resources (SSB, CSI-RS) are used for monitoring the radio link quality (L1-RSRP, L1-SINR) by UE on SCell, where these BFD RS resources are spatially QCL-ed with PDCCH on active BWP of the SCell. 
Uplink physical channel resource or MAC-CE command may be used for beam failure recovery request transmission. The BFRQ can be transmitted on PCell which is generally in FR1. The PRACH configuration on PCell for SCell BFRQ requires a significant amount of resources to be reserved, especially when the number of candidate beams is large. So MAC CE on SP-PUSCH of PCell can be adopted to support link failure recovery on SCell to reduce overhead and increase the possibility of successful recovery. For the case that both PCell and SCell are in FR2, the UL resource for BFRQ transmission can be configured on PCell or SCell. But it should be considered that the BFR on PCell has higher priority when beam failure events occur simultaneously. 
According to Rel-15 spec, after the BFRQ is transmitted to gNB, the UE monitors PDCCH in CORESET-BFR for detection of a DCI format with CRC scrambled by C-RNTI within a configured window. In Rel-16, if BFRQ for SCell is transmitted, the gNB can regularly schedule UE to measure new beams on the SCell. And then gNB indicates a new beam to recovery transmission. So the CORESET-BFR may not be configured for BFR on SCell to reduce resource overhead.
Proposal 14:
· R16 SCell BFR design should mainly focus on the scenario that PCell in in low band and SCells are in high band.
· Support basic configuration of beam failure detection on SCell .
· Adopt MAC CE on SP-PUSCH on PCell for BFRQ transmission of SCell.
· CORESET-BFR may not be configured for BFR on SCell.
5. Beam report with L1-SINR 

There are following agreements regarding beam reporting with L1-SINR.
	Agreement

· L1-SINR is supported. L1-RSRQ is not supported.

· Companies to study and provide definition of L1-SINR

· Study the reporting content, e.g.

· Whether CRI/SSBRI is reported

· Whether differential group/non-group reporting is applied

· Whether L1-RSRP is reported

· Study the interference measurement mechanism


TS 38.215 specifies the definition of SS-RSRP, CSI-RSRP, SS-SINR, CSI-SINR. SS-SINR is defined as the linear average over the power contribution (in [W]) of the REs carrying SSS divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying SSS within the same frequency bandwidth. The definition of L1-SINR for beam reporting can follow the same way. The RS resources can be configured or specified for interference measurement of L1-SINR. Typically two kinds of interferences should be considered: those that are configured to measure inter-cell interference and those that are used for inter-beam interference within the cell.
CSI report settings for the different measurements of beam management, L1-RSRP and L1-SINR, can be configured separately. A compact reporting from an UE is to configure any measurement or their combination in a single CSI report setting which easily reflects the relationship between the reported measurements. For the only one CSI report setting or multiple CSI report settings for different measurement, the gNB can indicate flexibly the beam reporting content. One example of L1-RSRP and L1-SINR reporting is illustrated as shown in the following table. Only one set of CRI/SSBRI is reported, and L1-RSRP is chosen as the reference measurement for CRI or SSBRI determination. And, more accurate beam selection can be realized by additional L1-SINR reporting for the selected resources identified by the reported CRI or SSBRI. The CSI-RS resources or SSB resources for L1-SINR reporting are those determined by the reference measurement, i.e., L1-RSRP. 
	L1-RSRP
	L1-SINR

	CRI or SSBRI #1
	

	CRI or SSBRI #2
	

	CRI or SSBRI #3
	

	CRI or SSBRI #4 
	

	RSRP #1
	SINR #1 

	Differential RSRP #2
	Differential SINR #2 

	Differential RSRP #3
	Differential SINR #3 

	Differential RSRP #4
	Differential SINR #4


Proposal 15:
· L1-SINR is defined as the linear average over the power contribution (in [W]) of the REs carrying RS for L1-RSRP divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying RS for IM.
· The RS resources can be configured or specified for L1-SINR interference measurement  considering the following interferences:

· Inter-cell interference;

· Inter-beam interference within the cell;

· Support flexible configuration of the CSI report setting and indicated the beam reporting content.
6. Evalutaions for FR2 
The detailed simulation assumption for LLS were agreed in the email discussion, wherein the assumption stated that the angles of BS, i.e., AoD, ZoD, and those of UE, i.e., AoA, ZoA are uniformly distributed, but how to define the uniform distribution was not clearly clarified.  

If randomly selecting the angles with uniform distribution per slot, although the wireless channel fulfils the ergodic property, the link adaptation cannot work based on CSI-RS. If fixing a constant angle in the beginning, such as at first slot with only one initial random seed, the channel changes continuously in time domain to guarantee link adaptation, however, companies should emulate as many fixed values of angles as possible to get more observations. 

Considering radiation pattern of antenna element in vertical and horizontal domain, different value of angles generates different power attenuation. Some typical angles of BS, i.e., AoD, ZoD, and those of UE, i.e., AoA, ZoA should be listed in advance for calibration and compare between proponents. 
Proposal 16: 
· Typical AoD/ZoD/AoA/ZoA should be aligned in advance for LLS, rather than uniform distribution.

7. Conclusion

In this contribution, we have the following proposals for multi-beam transmission schemes.
Proposal 1:

· A common candidate TCI state pool can be shared by all the DL channels/RSs of all the cells in the same band.
· The source RSs indicated by the candidate TCI states for DL can be shared by UL channels/RSs.
· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.
Proposal 2:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.
Proposal 3:

· In Rel-16, NR support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
Proposal 4:

· Support the functionality of aligning the gNB’s and UE’s understanding on the panel used for DL beam measurement.  
Proposal 5:

· The event based beam reporting is supported in NR for overhead reduction.

Proposal 6:

·  Support CSI-RS resource set index being reported for beam reporting.

Proposal 7:
· Support SRS resource for beam management being used for UL grant.

· Support UL beam indication by CRI/SSBRI in DCI 
Proposal 8:
·  UL multi-panel transmission discussion in Rel-16 should at least include the following issues:

· Multi-panel transmission of SRS with per panel beam selection

· Multi-panel transmission of PUSCH with per panel beam selection

· Multi-panel transmission of PUCCH with per panel beam selection

· Simultaneous transmission of multiple UL channels/RS

· Power control of multi-panel transmission
Proposal 9:
· Multi-panel/multi-beam transmission of SRS resource with per panel/beam selection should be firstly discussed to facilitate discussion of other issues. 
Proposal 10:

· For SRS for beam management, NR support UL local beam sweeping by flexible configuration for SRS based on UE capability to reduce UL beam refinement overhead.
Proposal 11: 

· Support per port spatial relation information configuration for SRS resources for codebook.
· For UL grant of multi-panel PUSCH transmission, support to reuse current DCI signaling as much as possible.

Proposal 12: 

· Support to associate multiple SRS resources with a single PUCCH resource to enable multi-panel PUCCH transmission. 
Proposal 13:
· For UL multi-panel/multi-beam simultaneous transmission, at least the following power control related aspects should be studied,

· Power control parameters configuration

· Close loop power control TPC indication 

· Power limit when  same or different channels are transmitted simultaneously 
· Priority rules for multi-panel/multi-beam simultaneous transmission power exceed the maximum transmission power of UE.
Proposal 14:
· R16 SCell BFR design should mainly focus on the scenario that PCell in in low band and SCells are in high band.
· Support basic configuration of beam failure detection on SCell .

· Adopt MAC CE on SP-PUSCH on PCell for BFRQ transmission of SCell.

· CORESET-BFR may not be configured for BFR on SCell.

Proposal 15:
· L1-SINR is defined as the linear average over the power contribution (in [W]) of the REs carrying RS for L1-RSRP divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying RS for IM.
· The RS resources can be configured or specified for L1-SINR interference measurement  considering the following interferences:

· Inter-cell interference;

· Inter-beam interference within the cell;

· Support flexible configuration of the CSI report setting and indicated the beam reporting content.
Proposal 16: 
· Typical AoD/ZoD/AoA/ZoA should be aligned in advance for LLS, rather than uniform distribution.
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Annex

Table 1: Simulation assumptions for multi-beam enhancement (LLS)
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	Each company to provide details on the assumption for the “data allocation”

	Channel Model
	CDL-A /B/C model (LOS model e.g. CDL-D/E as optional)

-                delay spread =30ns, 100ns 

-                UE speed=3km/h. (baseline), 30, 60km/h (optional)

-                The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

Companies to report phase noise modelling and PTRS considerations if used.

	TXRU mapping to antenna elements
	Companies explain details of the using TXRU mapping to antenna elements.

Notes:

2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies to provide details on TXRU mapping weights.

	Procedure of beam sweeping
	Companies to provide details on procedure of beam sweeping.

	Criteria for beam selection
	Companies to provide details on criteria for beam selection.

	UE reporting
	Companies to provide details on criteria for UE reporting.

	BS antenna configurations
	Either Options can be considered as baseline. 

Option 1: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 

Option 2: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ

Other Antenna configuration is not precluded.

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); baseline for UL panel-specific beam selection
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ.
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1);  also can be used except for evaluating UL panel-specific beam selection
* Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Other Antenna configuration is not precluded.

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

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree, ΩUT,b = 0°, ΩUT,g = 0° (baseline)

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

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. can be optionally considered.

Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained

Note: companies are encouraged to apply UE mobility/rotation/blockage in evaluations and report the related details

	Transmission scheme
	Multi-antenna port transmission schemes

Note: Companies explain details of the using transmission scheme.

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline; other advanced receiver is not precluded.

	Link adaptation
	Based on CSI-RS
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