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1. Introduction
In RAN #95 meeting, the following agreements and conclusion on beam management enhancement have been achieved [1].
	Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement
RAN1 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement: 
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:
· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection




In this contribution, we provide some discussions on enhancements on multi-beam operation.
2. UL/DL beam selection latency and overhead reduction
2.1 DL Beam Selection
In last meeting, it was agreed to decide in this meeting whether or not to support sub-time unit based beam management. In Rel-15, downlink beam measurement is based on SSB/CSI-RS, and downlink beam indication is TCI centric. A SSB can take 4 symbols, and a CSI-RS resource can occupy 1 symbol. Hence the minimal beam measurement granularity is one OFDM symbol. To reduce the overhead and latency for beam measurement, one possible way is to use a smaller granularity for the beam assignment. The 1-port CSI-RS supports IFDMA based signal structure, which can create repetitions as shown in Figure 1.


Figure 1: IFDMA based CSI-RS
As shown in Figure 2, in time domain, the OFDM symbol used for CSI-RS transmission can be divided into multiple sub-time units, where each beam can be applied to one or multiple sub-time units. Then to measure the quality of a single beam, only 1/4 of the OFDM symbol is required, which reduces overhead and latency for beam measurement by 75%.


Figure 2: Beam sweeping in sub-time unit Level
Figure 3 and Figure 4 illustrate simulation results for beam measurements on CSI-RS resources with different beam sweeping granularity. The detailed simulation assumptions are shown in Table A-1. The beam with the highest measured L1-RSRP is selected. It can be observed that the beam measurement performance with beam sweeping granularity of 1/4 OFDM symbol and 1 OFDM symbol (supported in Rel-15) provides similar performance. Hence to reduce downlink beam measurement overhead and latency, a smaller beam sweeping granularity (less than 1 symbol) should be supported.
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Figure 3: Simulation results for beam refinement for CDL-A
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Figure 4: Simulation results for beam refinement for CDL-D

Rel-15 CSI-RS could support IFDMA structure and to support sub-time unit based UE beam refinement, gNB can let UE know whether there are other signals multiplexed in the same symbol with CSI-RS. Therefore some control signalling to let UE know such information should be supported, so that gNB can transmit smaller number of CSI-RS resources for UE to search a better UE beam. Thus the overhead and latency for downlink beam selection could be reduced.
Proposal 1: To reduce downlink beam measurement overhead and latency, sub-time unit based beam measurement and selection should be supported, and it should be supported that gNB can let UE know whether there are other signals multiplexed in the same symbol with CSI-RS.
In Rel-15, different gNB beams can be applied to different SSBs. For each SSB, UE can search a corresponding UE beam. However some SSB beams could be spatially correlated, so that the same UE beam or highly spatially correlated UE beams could be used to receive those SSBs thus reducing the time needed to acquire UE beam. Then to save UE beam searching latency, one possible way is to apply a UE beam sweeping procedure for the SSBs taking into account information regarding spatial correlation of the SSB beams. If UE can have some information on the spatial correlation of the beams on SSBs, the whole beam management latency could be reduced.
For example, consider NR system with 64 SSBs, where every 4 SSBs share spatially correlated beams. In one SSB, a UE can search 3 UE beams using OFDM symbols occupied by PBCH and SSS. If there are totally 8 beams at the UE side and the periodicity for SSB is 20ms, the total latency required for UE/gNB beam acquisition is provided in Table 1.
Table 1: Latency for UE beam searching for 64 SSBs with 8 UE beams
	Without SSB beam correlation information
	With SSB beam correlation information (4 SSBs share correlated beams)

	60ms
	20ms



It can be observed that 66.7% latency reduction can be achieved if spatial correlation information on SSBs is provided to the UE. Therefore, signalling enhancement to support indication of the spatial correlation of the SSB beams should be considered to reduce the beam searching latency.
Proposal 2: To reduce UE beam searching latency, signalling of the spatial correction information for SSB should be supported.
2.2 UL Beam selection
In Rel-15, uplink beam indication has been specified, which could be based on SSB/CSI-RS/SRS. Table 2 summarizes the beam indication operation for different uplink channels.
Table 2: beam indication operation for different uplink channels
	Uplink Channel
	Beam Indication Operation

	PUSCH
	SRI in DCI

	PUCCH
	RRC/RRC+MAC CE

	SRS
	Periodic SRS: RRC 
Semi-persistent SRS: RRC/RRC+MAC CE
Aperiodic SRS: RRC



For PUSCH beam indication, although the beam information is carried dynamically by DCI, the number of SRS resources for beam indication could be limited. One possible way to avoid this constraint is to update the beam information for corresponding SRS resources. However the beam indication latency for SRS could be high due to support of RRC based beam indication for periodic SRS and aperiodic SRS. 
To reduce the beam indication latency on SRS, one way is to define a lower layer signalling for periodic and aperiodic SRS beam indication. For example, similar to semi-persistent SRS, MAC CE signalling can be used for periodic and aperiodic SRS beam indication. 
Another possible way is to configure more SRS resources for current transmission scheme. Then MAC CE can be used to down-select N SRS resources, and SRI from DCI could be used to select M SRS resources from N indicated SRS resources, where M is 1 for codebook based transmission scheme and M could be up to X for non-codebook based transmission scheme, where X denotes the maximum number of layers supported by the UE. Therefore, a lower layer signalling to down-select some SRIs can be used to reduce the uplink beam indication latency.
Proposal 3: MAC CE based beam indication for periodic and aperiodic SRS should be supported to reduce uplink beam management latency.
Further if the uplink beam management is based on SRS for BM, when spatial relation info is not configured, UE has no information which Tx beams should be applied to the SRS resources. If the number of Tx beams are large, a large number of SRS resources would be required, which could take too much overhead. In order to reduce overhead associated with such SRS transmission, one possible way is that gNB can provide some information to UE to assist UE in Tx beams selection for SRS resources. 
In Rel-15, it has been specified that when spatial relation info is configured, UE shall use the indicated Tx beam to transmit SRS. To assist UE beam sweeping operation no SRS, one possible way is to support configuration of the partial spatial relation info. With the help of partial spatial relation info, UE can perform local beam search on SRS. Thus global beam search can be used to identify coarse direction, and then based on a local beam search, the best UE beam can be identified. UE does not need to try every UE beams based on the global plus local beam search mechanism.
Proposal 4: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
3. UL panel specific beam selection
In Rel-15, uplink beam indication can be based on spatial relation info, which can include one SSB/CSI-RS/SRS resource. For SRS for BM, it is supported that UE can simultaneously transmit SRS resources in different sets. So each set can imply a UE panel. One panel can be considered as one UE antenna port(s) group. But if SSB/CSI-RS is applied in spatial relation info, gNB has no information which panel(s) UE would use to transmit corresponding uplink signal. Therefore, to support UL panel specific beam selection for SSB/CSI-RS based beam indication, two issues need to be solved:
1) How to let gNB know the UE panel information for a SSB/CSI-RS resource?
2) How to determine UE panel when SSB/CSI-RS resource is configured in spatial relation info?

The first issue is related to beam reporting and the second issue is about beam indication. In last meeting, it is agreed to use an ID to identify the UE panel information. Before defining the details for the ID, it should be defined how to report the UE panel information for a SSB/CSI-RS resource. Only after gNB knows such information, it could start to indicate the beam for a UE panel. If the panel information can be explicitly carried by beam reporting, one possible way is for panel specific beam indication is to use the latest receiving panel for a corresponding SSB/CSI-RS to transmit the uplink signal. Thus, the beam reporting to support panel specific beam selection should be with a higher priority than beam indication. 
Proposal 5: For UL panel specific beam selection, to enhance beam reporting should be with a higher priority than beam indication.
Proposal 6: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
In addition, there could be some emission limits from some of the uplink beams. As shown in Figure 5, the side-lobe of one beam may target to human body, which may not be able to meet emission safety requirement [2] [3]. Therefore, the uplink beam indication should take emission safety into account. For SRS based uplink beam management, UE could apply the emission-safe beams to each SRS resources. While when gNB indicates a spatial relation info based on a SSB/CSI-RS, some of the indicated beams may not be emission-safe and additional transmission power reduction should be needed. As gNB has no information whether the beam is safe or not, UE can report some information on emission-safety for a candidate uplink beam. Thus for a beam reporting, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.


Figure 5: Emission for an uplink beam
Proposal 7: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
Further, for a UE with multiple panels, whether to support simultaneous multi-panel operation could be one issue. However only specify beam indication for each UE panels simultaneously cannot make this feature work. To support this feature, some other issues need to be studied:
· Whether the multi-panel transmission should be triggered from a single DCI or multiple DCI?
· How to scale the transmission power for each panel?
· Whether a new codebook needs to be defined?
Since how to support panel-selection is also unclear, the simultaneous multi-panel transmission should be deprioritized.
Proposal 8: To support beam indication in a panel-selection manner should have a higher priority than simultaneous multi-panel transmission.
4. SCell BFR
In last RAN plenary meeting, the WID of SCell BFR is modified as follows:
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
To support BFR for SCell with DL/UL as well as DL-only, it should be studied how to support beam failure detection, new beam identification, beam failure recovery request and beam failure recovery response.
 
4.1 SCell beam failure detection
In Rel-15, the beam failure detection (BFD) could be based on periodic 1-port CSI-RS, which can be either explicitly configured by RRC signalling or implicitly configured in the TCI state for a CORESET. However in Rel-15, the CSI-RS in TCI state can be from another CC, but the explicitly configured CSI-RS can only be in the same CC. For SCell BFD, cross carrier QCL is still possible, therefore, the CSI-RS for BFD could also be from another CC.
In addition, in Rel-15, the metric of BFD is based on hypothetical BLER, which is similar to RLM. However hypothetical BLER is measured based on a general assumption on CCE aggregation level, power allocation, PDCCH payload size and so on, which cannot reflect the real system performance accurately but increase UE implementation effort. If a UE is configured with multiple SCells, to detect beam failure for those SCells, UE has to do many hypothetical BLER detection, which could increase UE’s power consumption. Then to simplify UE’s implementation, one possible way is to limit the total number of CSI-RS for hypothetical BLER detection. Another possible way is to use some simplified metric, e.g. L1-RSRP or L1-SINR.
Proposal 9: Similar to Rel-15, SCell BFD should be based on periodic 1-port CSI-RS, which can be from current CC or another CC.
Proposal 10: With regard to UE implementation effort, either number of BFD RS resources across CCs should be restricted or a simplified metric, e.g. L1-RSRP or L1-SINR, should be supported for SCell BFD.
4.2 SCell new beam identification 
In Rel-15, new beam identification is a condition for UE to send beam failure recovery request (BFRQ). When UE finds out a new beam whose quality is higher than a threshold, it can send BFRQ. In a configured time window, if UE cannot find out a new beam, it can fall-back to contention based mode to send BFRQ. To avoid unnecessary BFRQ, new beam identification for SCell BFR should also be supported. In Rel-15, the SCell NBI can be based on CSI-RS or SSB. For SCell BFR, to reuse the same approach for NBI is one possible way. With regard to cross CC QCL, the CSI-RS/SSB for NBI could be from another CC.
Proposal 11: Similar to Rel-15, SCell NBI can be based on SSB and CSI-RS, which can be from current CC or another CC.
4.3 SCell beam failure recovery request
In Rel-15, the BFRQ could be transmitted in contention free manner and contention based manner. The BFRQ could carry the new beam information. Such information can be identified by the RACH resource implicitly. For SCell BFR, the SCell could be configured with both UL and DL or DL only, so the BFRQ could be transmitted in current CC or a different CC. Then in additional to new beam information, the beam failure CC index needs to be transmitted if BFRQ is transmitted in another CC.
To transmit BFRQ information, there can be the following options:
· Option 1: PRACH based operation
· Option 1a: the BFRQ information is carried by Msg3 explicitly
· Option 1b: the BFRQ information is carried by RACH resource implicitly
· Option 2: PUCCH based operation
· Option 2a: multi-bit PUCCH based, where the BFRQ information is carried by PUCCH explicitly
· Option 2b: single-bit PUCCH based, where the BFRQ information is carried by PUCCH resource implicitly
· Option 3: MAC CE based operation, where the BFRQ information is carried by MAC CE explicitly
· Option 3a: grant based MAC CE
· Option 3b: configured-grant based MAC CE
To carry the BFRQ information implicitly, gNB needs to reserve more PRACH/PUCCH resources. As number of candidate new beams, number of SCells and number of connected UEs increase, the overhead for BFRQ resource could increase. To transmit BFRQ in the same CC, gNB needs to configure multiple PRACH/PUCCH resources in beam sweeping manner, since when downlink beam fails, previous uplink beam may fail as well. Compared to PUCCH, PRACH could take more overhead since it needs to reserve some samples for TA measurement. So to transmit BFRQ in an implicit manner, SR-like PUCCH is better than PRACH. 
If BFRQ is transmitted in a different CC, the CC index should be included in BFRQ. Therefore it is better to transmit BFRQ explicitly in such case. Then the candidate solution could be selected from option 1a, option 2a and option 3.  As this BFRQ is transmitted from another CC, the beam sweeping operation is not necessary. Then option 2a and option 3b could be with lower latency, since option 1a requires additional steps to transmit BFRQ, and option 3a needs to send SR first when there is no uplink grant. However option 2a could take less overhead compared to option 3b.
Table 3 summaries some study on overhead and latency for different options.
Table 3: overhead and latency for different options
	Scenario
	Overhead
	Latency

	BFRQ is transmitted in failing CC
(SCell with both UL/DL)
	CB-PRACH < SR-like PUCCH < CF-PRACH < multi-bit PUCCH
	SR-like PUCCH = CF-PRACH = multi-bit PUCCH < CB-PRACH

	BFRQ is transmitted in another CC
(SCell with DL only)
	CB-PRACH < grant based MAC CE < multi-bit PUCCH < configured-grant based MAC CE
	Multi-bit PUCCH = grant based MAC CE with grant received = configured-grant based MAC CE < CB-PRACH = grant based MAC CE without grant received 



Further, when UE cannot identify a new beam, similar to Rel-15, contention based PRACH based operation could still be a fall-back mode.
Proposal 12: When BFRQ is transmitted in the failing CC, SR-like PUCCH should be supported, where new beam information can be carried by PUCCH resource implicitly.
Proposal 13: When BFRQ is transmitted in a different CC, multi-bit PUCCH should be supported, where new beam information as well as failing CC index can be carried by PUCCH explicitly.
Proposal 14: Similar to Rel-15, CB-PRACH based operation should be supported as a fall-back mode when UE cannot find out a new beam in a given time window or when UE is not configured with any resource for BFRQ.
4.4 SCell beam failure recovery response
In Rel-15, the BFR response is carried by CORESET-BFR, which is a reserved CORESET and its QCL assumption is based on the newly identified beam. For SCell BFR, when BFRQ is transmitted in the failing CC, a reserved CORESET should still be needed, which is QCLed with the newly identified beam. Without a reserved CORESET, the BFR response can only be scheduled by failed CORESET with the newly identified beam. However if BFRQ is not detected by gNB successfully, there would be QCL assumption mismatch between gNB and UE for a CORESET. Therefore, CORESET-BFR should be supported for SCell BFR when BFRQ is transmitted in the failing CC. 
Proposal 15: Similar to Rel-15, when BFRQ is transmitted in the failing CC, CORESET-BFR should be supported to carry BFR response.
5. Beam Measurement by L1-SINR 
5.1 RS for L1-SINR
It has been agreed that L1-SINR can be measured from SSB and CSI-RS. One SSB can be transmitted from a single antenna port, but CSI-RS may be transmitted from one or multiple antenna ports. As the number of CSI-RS antenna ports increase, the implementation of L1-SINR measurement get complicated, which would take more power consumption in UE side. To measure the quality from a gNB beam, 1-port CSI-RS should be enough. Therefore with regard to UE implementation effort, only 1-port CSI-RS should be supported for L1-SINR measurement.
Proposal 16: With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
5.2 Use Case for L1-SINR
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-15, L1-RSRP is used as the criterion for beam selection. It is used in beam reporting as well as new beam identification in BFR. For non-group based and group based beam reporting, L1-RSRP as well as beam index can be reported. For BFR, UE can select the beam whose L1-RSRP is larger than a configured threshold to be the new beam, when all the beams for control channel fail. 
However sometimes this kind of selection criterion is not the best solution. The beam with a larger L1-RSRP may not be the one with a larger SINR. Different interference level could be observed in different UE Rx beams. Figure 6 and Figure 7 show some simulation results on RSRP and SINR measured from some beams for dense urban micro and indoor. Only the RSRP and SINR for the best beam for the serving gNB is selected. Detail simulation assumption is shown in Table A-2. It can be observed that RSRP cannot reflect the quality of some beams.
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Figure 6: Simulation results for dense urban micro 
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Figure 7: Simulation results for indoor hotspot

Proposal 17: Support L1-SINR based beam measurement for group based beam reporting, non-group based beam reporting and new beam identification in BFR.
5.3 Interference measurement for L1-SINR
There can be two ways to measure interference: one is based on the RS for channel measurement; the other is based on dedicated interference measurement resource. In the first way, there could be some interference mismatch, especially for MU-MIMO interference measurement. In the second way, gNB can control the intra-cell interference as well as some inter-cell interference with inter-gNB coordination on the dedicated interference measurement resource. However the second way would require some additional overhead for dedicated IMR. 
Figure 8 and Figure 9 illustrates some simulation results for the beam selection for L1-SINR with interference mismatch and without interference mismatch, where the details for each options are as follows, and detail simulation assumption is shown in Table A-2:
· Option 1: beam selection based on L1-RSRP 
· Option 2: beam selection based on L1-SINR without dedicated IMR and with interference mismatch 
· Option 3: beam selection based on L1-SINR with dedicated IMR and with aligned interference


[image: ]
Figure 8: C.D.F. of SINR for dense urban micro 
[image: ]
Figure 9: C.D.F. of SINR for indoor hotspot

It can be observed that with aligned interference, there could be significant performance gain, and with interference mismatch, the performance could be closed to RSRP based beam selection. When network’s load is small, it is not difficult for gNB to let UE measure SINR without interference mismatch with dedicated interference measurement resource. Without dedicated IMR, UE can measure the interference based on the signal for channel measurement. Thus the measured interference may not include the strongest intra-cell and inter-cell interference, so that there could be some interference mis-alignment based on such a way. Therefore to achieve better system performance, dedicated IMR should be supported for L1-SINR based beam measurement and selection. To measure intra-cell interference, the interference could be measured from some NZP CSI-RS or SSB, and to measure inter-cell interference, CSI-IM could be configured.
Proposal 18: For interference measurement for L1-SINR, dedicated interference measurement resource could be configured, which could be NZP CSI-RS or SSB, as well as CSI-IM.
6. Conclusions
In this contribution we have provided some discussion on beam management enhancement. From the discussion, we have achieved the following proposals.
Beam selection overhead and latency reduction
Proposal 1: To reduce downlink beam measurement overhead and latency, sub-time unit based beam measurement and selection should be supported, and it should be supported that gNB can let UE know whether there are other signals multiplexed in the same symbol with CSI-RS.
Proposal 2: To reduce UE beam searching latency, signalling of the spatial correction information for SSB should be supported.
Proposal 3: MAC CE based beam indication for periodic and aperiodic SRS should be supported to reduce uplink beam management latency.
Proposal 4: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
UL Panel specific beam selection
Proposal 5: For UL panel specific beam selection, to enhance beam reporting should be with a higher priority than beam indication.
Proposal 6: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
Proposal 7: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
Proposal 8: To support beam indication in a panel-selection manner should have a higher priority than simultaneous multi-panel transmission.
SCell BFR
Proposal 9: Similar to Rel-15, SCell BFD should be based on periodic 1-port CSI-RS, which can be from current CC or another CC.
Proposal 10: With regard to UE implementation effort, either number of BFD RS resources across CCs should be restricted or a simplified metric, e.g. L1-RSRP or L1-SINR, should be supported for SCell BFD.
Proposal 11: Similar to Rel-15, SCell NBI can be based on SSB and CSI-RS, which can be from current CC or another CC.
Proposal 12: When BFRQ is transmitted in the failing CC, SR-like PUCCH should be supported, where new beam information can be carried by PUCCH resource implicitly.
Proposal 13: When BFRQ is transmitted in a different CC, multi-bit PUCCH should be supported, where new beam information as well as failing CC index can be carried by PUCCH explicitly.
Proposal 14: Similar to Rel-15, CB-PRACH based operation should be supported as a fall-back mode when UE cannot find out a new beam in a given time window or when UE is not configured with any resource for BFRQ.
Proposal 15: Similar to Rel-15, when BFRQ is transmitted in the failing CC, CORESET-BFR should be supported to carry BFR response.
Beam measurement for L1-SINR
Proposal 16: With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
Proposal 17: Support L1-SINR based beam measurement for group based beam reporting, non-group based beam reporting and new beam identification in BFR.
Proposal 18: For interference measurement for L1-SINR, dedicated interference measurement resource could be configured, which could be NZP CSI-RS or SSB, as well as CSI-IM.
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Appendix – Simulation Assumption
Table A-1: Simulation Assumption for LLS
	Parameter
	Assumption

	Channel Model
	CDL-A, CDL-D

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	CSI-RS density
	3 RE/RB

	Number of sweeping beams 
	4

	gNB antenna structure
	(M, N, P, Mp, Np) = (4, 8, 2, 1, 1)

	UE antenna structure
	(M, N, P, Mg, Ng, Mp, Np) = (2, 4, 1, 1, 2, 1, 1)



Table A-2: Simulation assumption for SLS
	Parameters
	Value

	Scenario
	Dense Urban Micro, Indoor Hotspot

	Carrier Frequency
	30GHz

	gNB antenna structure
	(M, N, P, Mp, Np) = (4, 8, 2, 1, 1)

	UE antenna structure
	(M, N, P, Mg, Ng, Mp, Np) = (2, 4, 2, 1, 2, 1, 1)

	Number of gNB beams
	32

	Number of UE beams
	8

	Cell association
	RSRP based

	Other parameters
	Table A.2.1-1 in 38.802
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