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1. Introduction & Background
In 3GPP RAN1#86bis and RAN1#87 meetings, DL and UL beam management procedures were discussed and following agreements were made [1]:
Agreements: 

The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From a possibly smaller set of beams for beam refinement than in P-1

· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band

· Note that above procedure can be used in single/multiple beam(s) per TRP 

· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission

Agreements:
· UL beam management is to be further studied in NR

· Similar procedures can be defined as DL beam management with details FFS, e.g.:

· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)

· Note: this is not necessarily useful in all cases

· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)

· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming

· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study UL beam management based on:

· PRACH

· SRS

· DM-RS

· Other channels and reference signals are not precluded

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence

· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

In this contribution, DL and UL beam management procedures are discussed.
2. Discussion
2.1. Beam management procedures
From the agreement mentioned above, the DL/UL beam management procedures are used to enable the beam selection and refinement at TRP/UE. These procedures include Tx beam sweeping, RX beam sweeping and measurement, and beam reporting of the selected Tx beam or beam group. 
For DL beam management, the DL beam sweeping and beam selection of TRP Tx beams/UE Rx beams in P-1 will be implemented by two procedures: different TRP Tx beam measurement at UE using the same Rx beam, and same TRP Tx beam measurement at UE using different Rx beams, jointly or sequentially. So these two procedures may be P-2 and P-3. In other words it is likely P-1 can be realized by a combination of P-2 and P-3. From the agreements of RAN1 #86bis, P-1 is a general beam management procedure, whereas P-2 and P-3 can be the special cases of P-1. In some cases P-1 is unnecessary, and just P-2 and/or P-3 are enough. For example when UE is rotating, it is only necessary to execute P-3 procedure. Generally, P-1 can be used for the coarse beam training, while P-2 and/or P-3 can be used for the beam refinement from a smaller beam set. The UL beam management procedures are similar to the DL ones. 
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Figure 1: DL beam management procedure.                                 Figure 2: UL beam management procedure.
Observation: P-1 and U-1 are the general beam management procedures, particularly used for coarse beam training; while P-2 and P-3/U-2 and U-3 are the special cases of P-1/U-1, which can be used for the beam refinement.
For high frequency NR systems, massive MIMO technology is an important feature. However, a large number of beams to be trained will lead to high overhead and long latency. If the beam reciprocity at TRP and/or UE exists, the beam management procedure can be greatly simplified to reduce the overhead and the latency. However, there are many challenging issues for beam reciprocity, e.g. RF calibration error, radio channel variation, antenna configuration mismatch and so on. Additional signaling e.g. UE capability is needed to inform the TRP whether beam reciprocity is available at UE side.
· Case 1: If beam reciprocity is available at both TRP and UE, beam management procedures can be simplified greatly, no matter performing DL beam management first or UL beam management first. As shown in Figure 3, ideally, only by one beam training procedure P-1, both TRP and UE can obtain the best TX and RX beam pairs, assuming that the UE capability of beam reciprocity and the best DL TX beam(s) can be explicitly or implicitly reported to TRP.
· Case 2: If beam reciprocity is only available at TRP side, we propose to perform UL beam management first. As shown in Figure 4, by adopting beam training procedures U-1 and P-3, both TRP and UE can obtain the best TX and RX beam pairs. Here the best UL Tx beam(s) information mechanism is FFS.
· Case 3: If beam reciprocity is only available at UE side, we propose to perform DL beam management first. As shown in Figure 5, by adopting beam training procedures P-1 and U-2, both TRP and UE can obtain the best TX and RX beam pairs. Here the best DL Tx beam(s) reporting mechanism is FFS.
Proposal 1: 
· For beam reciprocity available at both TRP and UE, the UE capability of beam reciprocity and the best DL TX beam(s) should be explicitly or implicitly reported to TRP to shorten beam training procedure.
· For beam reciprocity only available at one side (TRP or UE), performing beam sweeping firstly on the other side (UE or TRP) is proposed to shorten beam training procedure.
· For beam reciprocity available at TRP, sequentially adopt beam training procedures U-1 and P-3, as illustrated in Figure 4.
· For beam reciprocity available at UE, sequentially adopt beam training procedures P-1 and U-2, as illustrated in Figure 5.

[image: image3.emf]TRP UE

Signaling of beam reciprocity at UE

DL Tx beam sweeping

DL Rx beam sweeping and 

DL Tx&Rx beam selection

Report the best DL Tx beam(s) 

P-1


Figure 3: Beam management with full beam reciprocity.
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Figure 4: Beam management with beam reciprocity at TRP.       Figure 5: Beam management with beam reciprocity at UE.
Beam management includes beam training and beam tracking. The periodic, semi-persistent and aperiodic reference signals for beam management procedure may be combined together. The periodic reference signal is cell-specific and can be configured by SIB or RRC message or predefined. The aperiodic reference signal is UE-specific and can be configured by RRC message. Transmission of the aperiodic reference signal is triggered by MAC CE or L1 control message.

As a lot of narrow beams are needed to cover the entire area, the inappropriate periodic beam training parameters may lead to the beam misalignment and system performance deterioration, especially in the case of UE in high speed mobility. On the other hand, if the aperiodic beam management procedure is often used to refine the beam pair, the overhead of triggering signaling will be increased significantly. Thus, periodic and aperiodic beam training/tracking should be jointly designed to tradeoff between overhead and performance. The parameters such as beam training RS (BRS), e.g. CSI-RS etc., periodicity value, beam index set, etc. should be carefully designed according to the triggering frequency to cope with different scenarios. For example, a smaller BRS periodicity value and the beam index set with larger directional isolation are suitable to track UE with high speed mobility.

Proposal 2: 
· Periodic and aperiodic beam training/tracking should be jointly designed.
· The parameters such as beam training RS periodicity value, beam index set, etc. should be carefully designed to cope with different scenarios.
As the number of TRP in an NR cell may be very large, another aspect related to beam management is multi-beam operation which adopts multiple beams from different TRPs as joint transmission to serve UE. Joint multi-beam training procedure needs to be investigated to reduce beam training overhead, e.g. the BRS from different TRPs are grouped as joint beam training. Transparency from UE perspective is the preferred design principle for joint multi-beam transmission.

Proposal 3: Joint multi-beam transmission from multiple TRPs should be supported in NR; and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
2.2. Reference signal for beam management

According to the agreements up to now, Table 1 lists the kinds of RS that are mandatorily or possibly used to achieve beam management function:

Table 1: Mandatory and possible RS or signals for beam management

	
	RS
	Basic function
	Beam management function

	DL
	NR-SS
	Time and frequency synchronization and cell ID acquisition
	Coarse beam training (possible)

	
	CSI-RS
	DL CSI acquisition
	DL coarse/fine beam training/ tracking (mandatory)

	
	DL DM-RS
	DL demodulation
	Beam quality monitoring (possible)

	UL
	PRACH preamble
	Random access
	UL coarse beam training (possible)

	
	SRS
	UL CSI acquisition
	UL beam training/tracking (mandatory)

	
	UL DM-RS
	UL demodulation
	Beam quality monitoring (possible)


In DL, NR-SS is an always-on signal transmitted periodically in beam sweeping manner to let all UEs in the area perform synchronization with the system and some kind of information acquisition. After the synchronization, any UE can keep measuring the NR-SS to conduct the rough DL beam selection and cell reselection. As the number of beams used by NR-SS should consider the synchronization delay, resource overhead, complexity, wide-width beams covering the entire area are probably applied to NR-SS. Therefore, NR-SS is appropriate to coarse beam training to avoid any new design of BRS for wide beam training. The UE-specific CSI-RS that is transmitted in the semi-persistent and periodic, or triggered aperiodic way can also be utilized to implement further beam refinement and prompt coarse beam training when the NR-SS is absent at the time. DM-RS which exists along with the data transmission is able to monitor the selected beam quality real time in case the link quality drops rapidly caused by the link blockage, UE rotation and movement.

In UL, multiple repetitions of PRACH preambles via beam sweeping can help the TRP capture the access request as well as the rough beam quality. Wide-width is preferred in this step to provide wide coverage while keep minimum number of repetitions for PRACH. In this way, coarse beam information is obtained in the random access and the TRP can initiate the SRS-based beam refinement according to the selected UE Tx coarse beam, or the next coarse beam training later on. DM-RS transmitted with the UL data can also be used for beam quality monitoring.

Proposal 4: NR-SS can be used for periodic DL coarse beam training and PRACH can be used for initial UL coarse beam training.
2.3. Beam information reporting and configuration
2.3.1. Overhead reduction of beam group information reporting for downlink beam management
Beam information reporting is of great importance for downlink beam management procedure. There are three types of beam information for UE to report in downlink beam management procedure as below:

· TRP transmission beam group information.

· UE reception beam group information.

· TRP transmission and UE reception beam pair group information.

Above reporting beam information can be a beam index or an antenna port index or a resource index, which indicates a unique transmission beam at TRP side and/or a unique reception beam at UE side. Considering the overhead of beam information reporting, UE should at least support TRP transmission beam group information reporting. If UE has to support UE reception beam group or TRP transmission and UE reception beam pair group information reporting, potential application scenarios should be provided.

Proposal 5: If UE has to report UE reception beam group or TRP transmission and UE reception beam pair group information, potential application scenarios should be provided.
From the perspective of UE, beam group information reporting may cause excessive uplink overhead, which will decrease the uplink spectral efficiency. In order to further reduce the overhead of beam group information, the reporting beam number in a beam group need to be restricted. Besides, considering the dynamic range of receiver, only those wanted beams need to report [2]. Options for reducing beam number in a beam group reporting are as below:

· Restrict the maximum number of reporting beams.

· Restrict UE’s received beam power or strength of reporting beams.

· Restrict UE’s reporting beams by an offset to the maximum received beam power or strength.

· Hybrid consideration of above options.

If we restrict maximum number of reporting beams to reduce the beam information reporting overhead, the overhead can be under control. But it may cause useless beam reporting. If we reduce the overhead by solely restricting the UE’s received beam power or strength, the quality of reporting beam can be guaranteed, but it may cause huge beam information reporting in extreme scenario. The third option only still cannot solve above shortcomings. Therefore, hybrid approaches of above options to reduce reporting beam number can be considered.

Proposal 6:

· Options for reducing beam number in a beam group reporting are as below:
·  Restrict the maximum number of reporting beams.

· Restrict UE’s received beam power or strength of reporting beams.

· Restrict UE’s reporting beams by an offset to the maximum received beam power or strength.

· Hybrid consideration of above options.

2.3.2. Overhead reduction of beam group information configuration for uplink beam management

Corresponding to downlink beam management procedure, beam information configuration is of great importance for uplink beam management procedure as well. There are three types of beam information for TRP to configure in uplink beam management procedure as below:

· UE transmission beam group information.

· TRP reception beam group information.

· UE transmission and TRP reception beam pair group information.

Above beam information configuration can be a beam index or an antenna port index or a resource index, which indicates a unique transmission beam at UE side and/or a unique reception beam at TRP side. Considering the overhead of beam information configuration, TRP should at least support configuring UE transmission beam group information. If TRP has to support configuring TRP reception beam group or UE transmission and TRP reception beam pair group information to UEs, potential application scenarios should be provided.

Proposal 7: If TRP has to support configuring TRP reception beam group or UE transmission and TRP reception beam pair group information to UEs, potential application scenarios should be provided.
3. Conclusion

In this contribution, DL and UL beam management procedures are discussed, and the following observation and proposals are given:
Observation: P-1 and U-1 are the general beam management procedures, particularly used for coarse beam training; while P-2 and P-3/U-2 and U-3 are the special cases of P-1/U-1, which can be used for the beam refinement.
Proposal 1: 
· For beam reciprocity available at both TRP and UE, the UE capability of beam reciprocity and the best DL TX beam(s) should be explicitly or implicitly reported to TRP to shorten beam training procedure.

· For beam reciprocity only available at one side (TRP or UE), performing beam sweeping firstly on the other side (UE or TRP) is proposed to shorten beam training procedure.

· For beam reciprocity available at TRP, sequentially adopt beam training procedures U-1 and P-3, as illustrated in Figure 4.
· For beam reciprocity available at UE, sequentially adopt beam training procedures P-1 and U-2, as illustrated in Figure 5.

Proposal 2: 
· Periodic and aperiodic beam training/tracking should be jointly designed.
· The parameters such as beam training RS periodicity value, beam index set, etc. should be carefully designed to cope with different scenarios.
Proposal 3: Joint multi-beam transmission from multiple TRPs should be supported in NR; and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
Proposal 4: NR-SS can be used for periodic DL coarse beam training and PRACH can be used for initial UL coarse beam training.
Proposal 5: If UE has to report UE reception beam group or TRP transmission and UE reception beam pair group information, potential application scenarios should be provided.
Proposal 6:

· Options for reducing beam number in a beam group reporting are as below:
·  Restrict the maximum number of reporting beams.

· Restrict UE’s received beam power or strength of reporting beams.

· Restrict UE’s reporting beams by an offset to the maximum received beam power or strength.

· Hybrid consideration of above options.

Proposal 7: If TRP has to support configuring TRP reception beam group or UE transmission and TRP reception beam pair group information to UEs, potential application scenarios should be provided.
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