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1. Introduction
In the 3GPP RAN1 #87 and #89 meetings, beam management and beam reporting were discussed and the following agreements were achieved [1][2]:
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit

· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 

· Each time unit can be partitioned into sub-time units

· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded

· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 

· Tx beam(s) are same across sub-time units within each time unit

· Tx beam(s) are different across time units

· Option 2:

· Tx beam(s) are different across sub-time units within each time unit

· Tx beam(s) are same across time units

· Option 3: combination of Alt1 and Alt2:

· Within one time unit, Tx beam(s) are same across sub-time units.

· Within another time unit, Tx beam(s) are different across sub-time units.

· FFS combination of the different time units in terms of e.g., number and periodicity

· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.

· FFS: how to capture “same beam” and “different beam” in spec

· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management
Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information

· Information related to CSI-RS resource configuration

· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.

· Information related to number of CSI-RS resources 

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource

· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit

· FFS signaling details, e.g., explicit indication vs implicit indication

· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 

· FFS: whether different sub-time units have same or different ports

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.
In this contribution, beam management and beam reporting are discussed.
2. Discussion
2.1. DL periodic signal for P-1 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. SS blocks naturally provide information for beam management with long period which is quite suitable for above mentioned coarse beam training in P1 procedure.
Proposal 1: 

· SS blocks can be used for P-1 procedure for UE RRC connected mode.

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, we need to study whether these two beam measurement results can be compared for beam selection. If not, the 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:

· Study whether beam measurement results from SS block and UE-specific CSI-RS can be compared for beam selection.

· If not, the SS-block-based RSRP and CSI-RS-based 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. CSI-RS configuration for beam management
From RAN1 #89 meeting agreement in CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management the information to be considered are as follows:
· Beam management type implicit indication, i.e. P-1, P-2, P-3

· Number of CSI-RS resources 

· Number of time-domain repetitions (if any) associated with each CSI-RS resource
· Options to map CSI-RS for Tx and Rx beam sweeping
· Information related to CSI-RS resource (e.g. CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.)
· Particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition
The beam management type can be implicitly indicated by the number of Tx beams (NTx) and the number of Rx beams (NRx).  If NTx>1and NRx >1, then P-1 procedure is configured; otherwise P-2 is configured if NRx=1 or P-3 is configured if NTx=1. After beam measurement UE reports the selected Tx beams with largest RSRP(s) where Tx beam identifier can be represented by the CSI-RS resource index and/or time index.
In RAN1 #87 meeting agreement the options to map CSI-RS for Tx and Rx beam sweeping imply one Tx beam with different Rx beam sweeping, or one Rx beam with different Tx beam sweeping in a time unit which refers to n>=1 OFDM symbols in the reference numerology. If OFDM symbol partitioning (e.g. IFDMA, larger subcarrier spacing, or DFT–based approach) is adopted, the beam training latency can be reduced significantly and the time resources can be saved. However, these options of CSI-RS mapping for Tx and Rx beam sweeping, i.e., the integer multiples of OFDM symbols in the reference numerology for one time unit, limit the fully usage of the time resources and the flexibility of beam sweeping. Our solution to the efficient CSI-RS design for beam management can be found in our companion contribution [3].
The number of partitions in one OFDM symbol in the reference numerology may depend on the Tx/Rx beam switching gap, the duration of the reference numerology, channel delay spread, etc. Maximum number of partitions relating to a certain frequency band can be included in the UE’s RF capability reporting. Upon receiving this value, the gNB will determine the exact partitioning number of beam management CSI-RS transmission for each UE or a group of UEs by comparing the number of partitions supported by UE and by gNB itself.
Proposal 3:
· Efficient utilization of time resources including CSI-RS symbols and partitions is desired.

· UE should report the maximum number of partitions relating to the frequency bands as one of the RF capabilities. And gNB can determine the exact partitioning number of beam management CSI-RS transmission for each UE or a group of UEs.
2.3. Beam reporting
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 1 illustrates the beam measurement and beam reporting of the two beam grouping options.
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Figure 1: 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 1. The corresponding beam grouping by A2 is shown in Table 2.
Table 1: 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 2: 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 3 and 4 respectively. The highlighted parts are used to distinguish the changes from Table 1 and 2.
Table 3: 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 4: 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 4 is in beam group 1 and 2, or assigned to a new group.
Proposal 4: 

· NR should support A2 in combination of C2 as the beam grouping criteria for beam reporting.
For the purpose of beam management, beam level power control, etc., DL transmission beam(s) and L1 RSRP should be reported at least for beam reporting. As DL transmission beam(s) and CSI reporting for beam reporting is similar to CSI reporting procedure, we can reuse CSI reporting procedure. 
When DL transmission beam(s) and L1 RSRP were reported for each time beam reporting, they might cause huge overhead on NR-PUCCH or NR-PUSCH. The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same time instant, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately with different duty cycles.

Examples of DL transmission beam(s) and L1 RSRP reporting are illustrated in Figure 2 and Figure 3. Figure 2 shows an example of reporting DL transmission beam(s) and L1 RSRP at the same time instant, but L1 RSRP can be dynamically triggered on or off based on channel environment. Figure 3 shows an example of reporting DL transmission beam(s) and L1 RSRP separately, with long-term L1 RSRP reporting and short-term DL transmission beam(s) reporting in slow time-varying channel case. 
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Figure 2: DL transmission 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 3: DL transmission beam(s) and L1 RSRP are reported separately, with long-term L1 RSRP reporting and short-term DL transmission beam(s) reporting

Proposal 5:
· The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same instant, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately with different duty cycles.
3. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 

· SS block can be used for P-1 procedure for UE RRC connected mode.

Proposal 2:

· Study whether beam measurement results from SS block and UE-specific CSI-RS can be compared for beam selection.

· If not, the SS-block-based RSRP and CSI-RS-based 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 3:
· Efficient utilization of time resources including CSI-RS symbols and partitions is desired.

· UE should report the maximum number of partitions relating to the frequency bands as one of the RF capabilities. And gNB can determine the exact partitioning number of beam management CSI-RS transmission for each UE or UE group.
Proposal 4: 

· NR should support A2 in combination of C2 as the beam grouping criteria for beam reporting.

Proposal 5:
· The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same instant, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately with different duty cycles.
References

[1] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #87.
[2] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #89.
[3] R1-1710401, “On CSI-RS design for NR”, vivo, RAN1 NR Ad-Hoc #2, Qingdao, P. R. China, 27th-30th June 2017.[image: image4.png]



1
2
TRP Tx beam
1      2      3      4
2
3
4
UE Rx panel
1
1      2      3      4



