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1. Introduction
In the 3GPP RAN1 #89 and NR Ad-hoc#2 meetings, beam management and beam reporting were discussed and the following agreements were achieved [1][2]:
Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management
Agreements:
· 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.
Agreements:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

· Study L1-RSRP reporting of multiple beams considering

· Differential L1-RSRP for multiple beams

· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable

· Bit-width of reporting, 

· Number of groups/beams per group 

· UCI design of the beam reporting, 

· FFS: Other issues
In this contribution, beam management and beam reporting are discussed.
2. Discussion
2.1. DL periodic signal for beam management procedure
It was agreed to introduce periodic signal to at least P-1 procedure for UE RRC connected mode in RAN1 #88bis and cell-specifically configured CSI-RS is not supported for beam management in RAN1 #89.  P-1 procedure is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s). It may be a coarse beam training step for the multi-level beam training, on top of which P-2 or P-3 procedure is used for fine beam tracking.
SS block is one of the always-on signals that transmitted periodically in a beam-sweeping manner. Reuse of the periodic SS blocks for beam management will save the CSI-RS signal overhead for P-1 procedure. One SS block burst set consists of N SS blocks each transmitted by a specific beam, with a period of 20ms by default to sweep all of the TRP’s Tx beams within one SS block burst set. UE-specific CSI-RS is more flexible in terms of period, number of Tx beams and repetitions, etc., and it can be configured whenever the beam training is needed for P-1, P-2 and P-3 procedures by means of periodic, semi-persistent, or aperiodic way. During RACH procedure the UE can measure and select a preferred SS block with maximum L1-RSRP. Then the UE uses the PRACH resources associated with the selected SS block to preform random access. The gNB will receive the PRACH preamble and know the Tx beam preferred by UE. This Tx beam may be wider beam and not best, but can be refined later by CSI-RS measurement. So SS blocks naturally provide a priori information for beam management with long period which is quite suitable for above mentioned coarse beam training in P1 procedure.

One issue that some companies may concern is the precision of the L1-RSRP measured by SS blocks due to its narrow bandwidth. In our view, what matters more important is the accuracy of the selected beams. In the following, we show the link-level evaluation results to compare the beam measurement results carried out by SS blocks and CSI-RS. SSS on 12 PRBs in a SS-block is used for beam measurement, while 1-port CSI-RS is on 50 PRBs with density D=1 or 4 RE/RB/port is applied to beam management. The baseline is the ideal L1-RSRP which is averaged across 50 PRBs with zero noise. The CDFs of measured L1-RSRP differences from the baseline L1-RSRP are depicted in Figure 1. And the percentage of the correctly selected the best Tx beams are show in Table 1. Detailed simulation assumptions can be found in Annex.
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Figure 1: L1-RSRP differences from baseline

Table 1: Accuracy of the selected the 1st best Tx beams

	Accuracy
	SS blocks
	CSI-RS D=1
	CSI-RS D=3

	SNR = 0dB
	90.9%
	86.8%
	91.1%

	SNR = 10dB
	97.2%
	95.4%
	97.2%


Observation1:

· The L1-RSRP of the 1st best Tx beam, the 2nd best Tx beam and the 3rd best Tx beam measured by SS blocks is very close to those measured by CSI-RS with density D=3 RE/RB/port.

· Compared with CSI-RS, SS-blocks can achieve satisfied L1-RSRP measurement and beam selection accuracy.

Another issue is separation of the Tx beams from SS blocks in multi-TRP case. It is true that multiple TRPs transmit exactly identical SS block signals simultaneously so that the UE cannot distinguish which Tx beam from different TRPs contribute most for the strongest L1-RSRP. L1-RSRP measurement by SS blocks can be disabled by network in this case. Otherwise, a simplest way to solve this problem is to transmit SS blocks alternatively from multiple TRPs, each with an individual time index, but this would enlarge the synchronization latency and beam training latency. Sometimes, UEs in a multi-TRP may be not interested in the best Tx beam of individual TRP, but the best combined Tx beams from multiple TRPs is enough to work.

On the other hand, introducing SS block based RSRP will save at least N CSI-RS resources, possibly N symbols, for beam management per SS block burst set, which is quite beneficial to the CSI-RS overhead reduction when sub-time unit smaller than an OFDM symbol in a reference numerology is not supported in Rel-15.

From above analysis, we propose to support SS blocks at least for P-1 procedure for UE RRC connected mode, and also support SS blocks for candidate beam identification for beam failure recovery.
When both SS block and UE-specific CSI-RS are used for beam management, the measurement of the two different signals may not be compared directly because of the different bandwidths, patterns between them. Therefore, it is safe to conduct the RSRP comparison separately within each individual set of RSRP measurements, i.e., RSRP measurement based on SS block and CSI-RS.

Proposal 1: 

· Support SS blocks at least for P-1 procedure for UE RRC connected mode.

· Support SS blocks for candidate beam identification for beam failure recovery.

· The SS block based L1-RSRP and CSI-RS based L1-RSRP comparison should be performed separately within each individual set of RSRP measurements, i.e., RSRP measurement based on SS block and CSI-RS.
2.2. Beam reporting
2.2.1. Beam grouping criteria 
The group-based beam reporting can include beam group indication, L1-RSRP and CSI (when CSI-RS is used for CSI acquisition), DL Tx beam(s) indication. In the case of UE receiving signals (e.g., CSI-RS or other channels) from multiple BPLs simultaneously, beam group information is expected to be carried in beam reporting. Beam grouping criteria should be down-selected from A1 and A2. For A1, different TRP Tx beams reported for the same group can be received simultaneously at the UE. While for A2 different TRP Tx beams reported for different groups can be received simultaneously at the UE. Different from the previous Alt. 1 and Alt. 2 which considers the beam grouping from the Rx beam perspective, the newly defined A1 and A2 are in the view of Tx beam grouping.

In our option, the down selection from A1 and A2 should take into account the flexibility of supporting various cases, feedback overhead, etc. Figure 2 illustrates the beam measurement and beam reporting of the two beam grouping options.
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Figure 2: Illustration of beam measurement and beam reporting
Assume the selected TRP Tx beams are 2, 3, 4 based on RSRP with RSRP21 > RSRP32 > RSRP41 > RSRP22 > RSRPTH, where RSRPMN stands for the RSRP of Tx beam M measured by Rx panel N, and RSRPTH is the RSRP threshold above which the Tx beam needs to be reported.

If the Tx beams received by different Rx panels can be received simultaneously, then the beam grouping by A1 with two representation manners can be given by Table 2. The corresponding beam grouping by A2 is shown in Table 3.

Table 2: Beam grouping option A1

	Beam group
	Tx beam (RSRP)

	1
	2 (RSRP21), 3 (RSRP32)

	2
	2 (RSRP21), 2 (RSRP22)

	3
	3 (RSRP32), 4 (RSRP41)


	Tx beam (RSRP)
	2 (RSRP21)
	3 (RSRP32)
	4 (RSRP41)
	2 (RSRP22)

	Beam group
	1, 2
	1, 3
	3
	2


Table 3: Beam grouping option A2

	Beam group
	Tx beam (RSRP)

	1
	2 (RSRP21), 4 (RSRP41)

	2
	2 (RSRP22), 3 (RSRP32)


	Tx beam (RSRP)
	2 (RSRP21)
	3 (RSRP32)
	4 (RSRP41)
	2 (RSRP22)

	Beam group
	1
	2
	1
	2


In the case of different Tx beams can be received by a wide Rx beam generated by single Rx panel, e.g., one more combination of Tx beam 2 and 4 can be received by Rx panel 1 simultaneously, two beam grouping results are given in Table 4 and 5 respectively. The highlighted parts are used to distinguish the changes from Table 2 and 3.

Table 4: Beam grouping criteria A1

	Beam group
	Tx beam (RSRP)

	1
	2 (RSRP21), 3 (RSRP32)

	2
	2 (RSRP21), 2 (RSRP22)

	3
	3 (RSRP32), 4 (RSRP41)

	4
	2 (RSRP21), 4 (RSRP41)


	Tx beam (RSRP)
	2 (RSRP21)
	3 (RSRP32)
	4 (RSRP41)
	2 (RSRP22)

	Beam group
	1, 2, 4
	1, 3
	3, 4
	2


Table 5: Beam grouping option A2

	Beam group
	Tx beam (RSRP)

	1
	2 (RSRP21), 4 (RSRP41)

	2
	2 (RSRP22), 3 (RSRP32), 4 (RSRP41)


	Tx beam (RSRP)
	2 (RSRP21)
	3 (RSRP32)
	4 (RSRP41)
	2 (RSRP22)

	Beam group
	1
	2
	1, 2
	2


It can be seen from the above examples option A2 provides more flexible way to cover various combinations with minimum feedback overhead than A1. Therefore, A2 is preferred from the point of view of flexibility and feedback efficiency.

Also from the above illustrations, gNB can clearly know its Tx beam scheduling if we use additional constraint C2 that different TRP TX beams reported for the same group cannot be received simultaneously at the UE. For the cases that one Tx beam can be received simultaneously with other Tx beams by both the same and different Rx panels, this Tx beam can be put into each of the beam group, e.g., Tx beam 4 in Table 5 is in beam group 1 and 2, or assigned to a new group. Furthermore in order to support spatial multiplexing the gNB need to know which beams have the lower spatial correlation from the UE reporting. So the additional information for spatial multiplexing transmission in beam reporting can be considered.
Proposal 2: 

· NR should support A2 as the beam grouping criteria for beam reporting.
· Consider the combination of A2 and C2 for clearly multi-beam scheduling simultaneously by gNB.
· Consider reporting the additional information for spatial multiplexing transmission.
2.2.2. Overhead reduction and power saving
For overhead reduction and power saving, there are typically several ways to consider

· Selecting N best DL Tx beams in terms of L1-RSRP. Only report reference DL Tx beam L1-RSRP and L1-RSRP offset values corresponding to other DL Tx beams. 
· Configure different types of report with different duty cycle. For example, two types of report could be defined: partial report and full report. Partial report only contains beam information. Full report also contains RSRP information for each beam. Partial report could be configured with smaller duty cycle and full report could be configured with larger duty cycle. Aperiodic report could also be leveraged to trigger different types for different channel conditions.
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Figure 3: DL Tx beam(s) and L1-RSRP are reported at the same time instant, but L1-RSRP can be dynamically triggered on or off
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Figure 4: DL Tx beam(s) and L1-RSRP are reported separately, with long-term L1-RSRP reporting and short-term DL Tx beam(s) reporting

· UE event based triggering could also be considered. The time domain behaviour in reporting setting can be aperiodic, periodic and semi-persistent. The reporting information may include multiple Tx beams and their L1-RSRP, so the reporting overhead is very large, especially for periodic reporting. The UE event can be predefined or configured for further overhead reduction. For example, the periodic beam reporting is not required repeatedly when L1-RSRP of the measured BPLs does not exceed the configured threshold. 

Proposal 3: 

· Consider the following ways for beam report overhead reduction 
· Different report.
· Define types of report with different time domain behavior and different content.
· UE event based report.
2.2.3. Reporting collision
The reporting setting at least includes: information indicating selected beam(s), L1 measurement reporting, time domain behavior, frequency granularity and so on. Beam reporting can be fed back on UL resource configured by gNB. In case of collision between beam reporting and CSI reporting, the predefined or configured reporting priority and dropping rule are needed. Generally, we think the beam reporting has long duty cycle and the information is more important for BPL establishment. So when two reports need to be transmitted at the same time instance, the UE should transmit beam reporting and discard CSI reporting. Or if there is any redundant UL resource after containing the beam reporting, some other information of CSI reporting can be assembled together with beam reporting, e.g. RI. Furthermore, if SS block based beam reporting is supported, and if reporting settings based on SS block and CSI-RS are configured respectively, the frequent L1-RSRP reporting may be needed from given UE. So the combination reporting can be considered to reduce the number of reporting transmission. Therefore, we need to study the method of combination reporting based on SS block and CSI-RS.
Proposal 4:
· In case of collision between beam reporting and CSI reporting, the UE should transmit beam reporting prior to CSI reporting.

· Study the combination reporting method when reporting settings based on SS block and CSI-RS are configured.

2.2.4. Measurement time
If a beam reporting setting is associated to an aging resource setting (CSI-RS or SS block, if SS block is supported) configured by gNB, the measurement result is less available for beam management reference. Consequently, the measurement window should be predefined, which can avoid the UE to provide the invalid reporting.
There are two options should be defined the measurement for beam reporting setting:
· Option1: The nearest N resource setting from beam reporting time. 
The nearest N resource setting from the beam reporting can be used for current reporting.

· Option2: Measurement time window. 

A measurement time window before the beam reporting can be defined to use for this reporting. 
Proposal 5:
· The measurement time for beam reporting should be configured under beam management framework.
2.2.5. UE triggered aperiodic beam reporting
In NR system especially above 6GHz, the case can occur that the user holds the terminal resulting in the UE antenna panel is blocked. At this time all beams on this panel are blocked. If the resources for periodic beam reporting are used to notify the gNB for BPL re-establishment, the data transmission may be interrupted and the user experience may get worse due to the notification is too late. 

So the UE triggered aperiodic beam reporting can be considered. The UL resources, e.g. the resources for periodic beam reporting, are used to notify the blockage event whenever this event is detected by UE. The beams on the other UE panel can be recommended to BPL re-establishment.
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Figure 5: The UE panel is blocked.
Proposal 6:
· Consider UE triggered aperiodic beam reporting in NR.
3. Conclusion

In this contribution, beam management and reporting are discussed, and the following observation and proposals are given:
Observation1:

· The L1-RSRP of the 1st best Tx beam, the 2nd best Tx beam and the 3rd best Tx beam measured by SS blocks is very close to those measured by CSI-RS with density D=3 RE/RB/port.

· Compared with CSI-RS, SS-blocks can achieve satisfied L1-RSRP measurement and beam selection accuracy.

Proposal 1: 

· Support SS blocks at least for P-1 procedure for UE RRC connected mode.

· Support SS blocks for candidate beam identification for beam failure recovery.

· The SS block based L1-RSRP and CSI-RS based L1-RSRP comparison should be performed separately within each individual set of RSRP measurements, i.e., RSRP measurement based on SS block and CSI-RS.
Proposal 2: 

· NR should support A2 as the beam grouping criteria for beam reporting.
· Consider the combination of A2 and C2 for clearly multi-beam scheduling simultaneously by gNB.

· Consider reporting the additional information for spatial multiplexing transmission.
Proposal 3: 

· Consider the following ways for beam report overhead reduction 
· Different report.

· Define types of report with different time domain behavior and different content.

· UE event based report.

Proposal 4:
· In case of collision between beam reporting and CSI reporting, the UE should transmit beam reporting prior to CSI reporting.

· Study the combination reporting method when reporting settings based on SS block and CSI-RS are configured.

Proposal 5:
· The measurement time for beam reporting should be configured under beam management framework.
Proposal 6:
· Consider UE triggered aperiodic beam reporting in NR.
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Annex: Link-level simulation assumptions
	Attributes
	Values

	Carrier frequency
	30GHz

	Subcarrier spacing
	60kHz

	Channel model
	CDL-A

· Delay spread 100ns

· UE speed = 3km/h
· 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.

	CSI-RS bandwidth
	50 PRBs

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D sub-array partition model

	Beam directions for TRP
	Azimuth angle [-3*pi/8, -pi/8, pi/8, 3*pi/8]
Zenith angle  [pi/4, 3*pi/4]

	BS antenna configurations
	(M,N,P,Mg,Ng)=(2,4,2,1,1)

	UE antenna configurations
	(M,N,P,Mg,Ng)=(1,2,2,1,1)
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