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1
Introduction
RAN1#86 made the following agreements for DL beam management [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
In this contribution, different aspects of aperiodic downlink UE beam training is discussed.
2
Motivation

The main driver for the study of exploitation of both periodically and aperiodicaly transmitted downlink reference signals is to enable efficient multi-beam beam management operation in diverse NR scenarios. In principal, due to the periodical nature of a transmitted downlink reference signal, its beam training/tracking capabilities/characteristics may be, potentially, limited by the transmission periodicity of a signal, e.g. 5ms. On contrary, aperiodically transmitted beam training reference signal can provide an opportunity to schedule flexible a dedicated user specific training reference signal on need basis. On the other hand, separately scheduled reference signal may cause significant amount extra signalling overhead and latency for a NR system. 
It is expected that periodical DL beam training procedures will play a central role in the framework of NR beam management. Hence, it is highly important to understand firstly the practical limitations of periodical beam training in different scenarios before investigating further aperiodic DL beam training procedures. Since periodic and aperiodic based DL beam training procedures will potentially share common technology components and signalling mechanisms, it is reasonable to identify and understand commonalities between these two training procedures and related signalling mechanisms. After the limitations of the periodical DL beam training procedures have been identified and understood, further efforts can be invested to aperiodical beam training with a special focus on scenarios where problems have been observed with the periodical beam training. 
Observation 1: Periodic and aperiodic beam training procedures share potentially common technology components and signalling mechanisms.
Observation 2:  Due to potential commonalities between periodic and aperiodic beam training procedures, it is reasonable to identify and understand commonalities between these two training procedures and related signalling mechanisms. 
Observation 3: After the limitations of the periodical DL UE beam training procedures have been identified and understood, further efforts can be invested to aperiodical beam training with a special focus on scenarios where the periodical beam training is not feasible.
Proposal 1: Identify common technology components and signalling mechanisms between periodic and periodic DL UE beam training.

Proposal 2: Consider using of aperiodic DL UE beam training procedures only in scenarios in which the exploitation of periodic DL UE beam training procedures is not feasible. 
3 Discussion on Impact of Multiple Antenna Panels at UE-side for Beam Management
In this section, the impact multiple antenna panels at UE-side for beam management procedures is discussed. 
Antenna arrays have reduced capability to receive/transmit energy from other directions with respect to its main bearing and downtilt angles. Therefore, the placement of antenna array and panel configuration at UE-side is expected to have a large influence on the quality of communication link associated with transmit-receive beam(s).  
Observation 4: The impact of multiple antennas panels and their placement at UE-side have not been taken into account in the beam management considerations for NR.

To gain further understanding on the impact of multiple antenna panels at UE-side for beam management, a set of link-level simulations were carried out with UE rotation and single and multi-antenna panel configurations. Here, BS is equipped with single panel with following configuration: (M, N, P, Mg, Ng) = (4,8,2,1,1). Correspondingly, UE is equipped with two different antenna panel configurationsgiven in Table 1. The antenna panels at UE-side are associated with antenna array (M, N, P, Mg, Ng) = (2,4,2,1,1).    

Table 1. UE antenna panel configurations agreed for NR MIMO evalutions 
	Configuration
	Mg, Ng
	Θmg,ng, Ωmg, ng
	dgH, dgV

	Config 1
	1, 2
	Θmg, ng =90 , Ω0,1=Ω0,0+180
	0,0

	Config 2
	1, 4
	Θmg,ng=90;Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270
	0,0


Figure 1 shows an example of average received power spectrum (with different RX beamformer directions in azimuth domain) in CDL-E channel with different UE rotation in azimuth domain with two different UE antenna panel configurations. Here, single dual polarized beam is transmitted to the direction of the dominant DoA of CDL-E channel. As can be seen, due to a rotation, the direction of RX beamformer beam direction changes while rotating the UE in azimuth domain. Additionally, it can be seen that the probability of finding peak is increased while increasing the number of antenna panels at UE-side.  
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Config 1: Panel 1, rot.= 0 [deg]

Config 2: Panel 1, rot.= 0 [deg]
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Config 1: Panel 1, rot.= 45 [deg]

Config 2: Panel 1, rot.= 45 [deg]
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Config 1: Panel 1, rot.= 90 [deg]

Config 2: Panel 2, rot.= 0 [deg]
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Config 1: Panel 1, rot.= 135 [deg]

Config 2: Panel 2, rot.= 45 [deg]
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Config 1: Panel 2, rot.= 0 [deg]

Config 2: Panel 3, rot.= 0 [deg]
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Config 1: Panel 2, rot.= 45 [deg]

Config 2: Panel 3, rot.= 45 [deg]
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Config 1: Panel 2, rot.= 90 [deg]

Config 2: Panel 4, rot.= 45 [deg]
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Config 1: Panel 2, rot.= 135 [deg]

Config 2: Panel 4, rot.= 45 [deg]


Figure 1. An example of average received angular power spectrum in CDL-E channel with different UE rotations in azimuth domain with two different UE antenna panel configurations.
Observation 5: By exploiting multiple antenna panels at UE-side, the robustness of beam management against UE rotation can be enhanced with respect to single panel case. 

Proposal 3: Consider taking into account the impact of multiple antenna panels at UE-side for beam management at UE side.

Proposal 4: The leveraging of multiple antenna panels and associated RX antenna ports need to be transparent for a network.

4 Discussion On Aperiodic UE Beam Management Procedures 
 
In this section, the different aspects of aperiodic UE beam training procedures are discussed. 
In our companion papers [2, 3], periodically transmitted beam reference signal (BRS) based beam management procedure covering beam training, measurements, beam selection and reporting, are considered. Due to a broadcast nature of BRS, it is assumed that large number of UEs can perform their RX beamformer alignment with BRS based beams. However, due to the user-specific nature of aperiodic training, it can be assumed that in the presence of large number of UEs, required user-specific signalling overhead and related latency may become very high. Therefore, it can be assumed that user-specific aperiodic training may be possible only for a small number of UEs. From the perspective of NR system design, it is highly important that the impact of aperiodic beam training/management to a system overhead and latency is taken into account while designing NR system.
Observation 6: With large number of UEs, the amount of dedicated aperiodic based UE beam training may significantly increase signalling overhead and latency in a NR system.  
To reduce system overhead and complexity related to beam selection and feedback signalling, it is reasonable to leverage beam/channel reciprocity between uplink and downlink beams as much as possible in NR system. By leveraging beam reciprocity, uplink beams at the UE can be obtained from downlink beams. Naturally, it is assumed that the number of TXRU chains is the same for uplink and downlink, and it is also assumed that the TX and RX chains and the antenna array are calibrated.

Observation 7: The exploitation of reciprocity between uplink and downlink beams at UE can reduce system overhead and complexity required by beam training.

As discussed in our companion paper [2] on periodically BRS based beam management, aperiodic UE beam training may also be initiated by network or UE. In network initiated case, network may request UE to report beam information or perform other beam management actions e.g. beam/beam set change. Correspondingly, in UE initiated case, aperiodic training may be initiated by UE according to predetermined trigger or criteria that may be configured by a network. UE may measure aperiodic downlink reference signal and determines based on the measurement results whether it needs to trigger some predetermined beam management action. Even though UE may initiate some predetermined beam management action, network has always control over it.          
Proposal 5: Take into account the impact of aperiodic beam management to a system overhead and latency while designing NR system.

Proposal 6: Procedures and triggers for aperiodic beam management should always be under the control of the BS.
5
Conclusions
In this contribution, the aspects of aperiodic downlink UE beam training procedures have been considered for NR system.
Based on the discussions, the following observations have been made:

Observation 1: Periodic and aperiodic beam training procedures share potentially common technology components and signalling mechanisms.
Observation 2:  Due to potential commonalities between periodic and aperiodic beam training procedures, it is reasonable to identify and understand commonalities between these two training procedures and related signalling mechanisms. 
Observation 3: After the limitations of the periodical DL beam training procedures have been identified and understood, further efforts can be invested to aperiodical beam training with a special focus on scenarios where the periodical beam training is not feasible.
Observation 4: The impact of multiple antennas panels and their placement at UE-side have not been taken into account in the beam management considerations for NR.

Observation 5: By exploiting multiple antenna panels at UE-side, the robustness of beam management against UE rotation can be enhanced with respect to single panel case. 

Observation 6: With large number of UEs, the amount of dedicated aperiodic based UE beam training may significantly increase signalling overhead and latency in a NR system.  

Observation 7: The exploitation of reciprocity between uplink and downlink beams at UE can reduce system overhead and complexity required by beam training.

Based on the discussions, the following proposals have been made:

Proposal 1: Identify common technology components of and signalling mechanisms between periodic and aperiodic DL UE beam training.

Proposal 2: Consider using of aperiodic DL UE beam training procedures only in scenarios in which the exploitation of periodic DL UE beam training procedures is not feasible. 
Proposal 3: Consider taking into account the impact of multiple antenna panels at UE-side for beam management at UE side.

Proposal 4: The leveraging of multiple antenna panels and associated RX antenna ports need to be transparent for a network.

Proposal 5: Take into account the impact of aperiodic beam management to a system overhead and latency while designing NR system.
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