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1. Introduction
Network coordination and beam management in new radio (NR) were discussed in RAN1#86bis. The followings are agreed in [1] 
· For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered
· FFS the assumptions about latency/bandwidth 
· FFS detailed schemes
· Note: the classification of co-located vs. non-co-located may not capture all aspects, e.g., synchronization among TRPs, etc.
· For coordinated transmission schemes for NR:
· Support different types of coordinated transmission schemes for NR
· Strive for commonality in supporting the different types of coordinated transmission schemes for NR
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed
In this contribution, we discuss the principle of network coordination in a multi-beam system with focus on interference management via beam coordination and management. Moreover, whether semi-persistent/periodic/event-triggered beam reporting should be supported and how these reporting schemes can affect performance in network coordination remain FFS. This contribution also considers these issues.

2. Discussions network coordination via beam coordination and management
In order to support user data rates of Gbps and above in NR, network coordination is one of the most important enabling interference management technologies. In high carrier frequency NR, the use of beamforming opens a new dimension for network coordination to avoid the mutual interference from non-co-located TRPs due to possible beam collisions as shown in Fig. 1. During time slot 1, all TRPs transmit with beamforming to the UEs in the central area using blue beams. Beam collisions happen when the same time/frequency resources are used for these blue beams by the non-co-located TRPs. In this regard, each TRP needs to configure/schedule its beams to serve its own associated UEs and can optimize beam scheduling to maximize a pre-defined utility function, e.g. spectral efficiency based on feedback information, i.e., beam reporting. 
Assuming a deployment scenario with N TRPs and for each TRP there are M associated UEs. Each TRP is equipped with multiple transmit antennas to use beamforming. At a given time, the nth TRP transmits to the mth UE using a beam chosen from a pre-defined codebook in the way that the beamforming gain is maximized for that particular UE.
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Fig. 1. Diagram of beam collision.
Within each scheduling cycle, the beams for M UEs associated with a particular TRP are scheduled and the indices of the scheduled beams therefore form a beam scheduling sequence (BSS), denoted as bn=[bn1, …, bnM]T. There are multiple permutations of such BSSs and there exists one optimal BSS for each TRP such that the pre-defined utility function can be maximized. In particular, the utility function can be defined as the average spectral efficiency so that the problem of finding the optimal bn is equivalent to the maximization of the average spectral efficiency. It should be noted that the optimal BSS obtained within one scheduling cycle may not remain optimal in the next scheduling cycle due to many reasons, e.g., the changes of channel condition, UE locations, etc. 
Observation 1: Beam coordination in NR can be done by using beam scheduling but the scheduling should be adaptively implemented taking into account of the factors such as the changes of the channel conditions, UE locations, etc.
In each scheduling cycle, the BSS chosen at each TRP will not only affect its own associated UEs but it also defines the interference generated from this TRP and therefore affects other UEs associated with adjacent TRPs. Basically, any change from one TRP of the network could spread and affects multiple TRP tiers. In this regard, the optimal BSS cannot be achieved at each individual TRP but a global optimization mechanism should be developed to optimize the entire network, which can be realized by using a centralized beam scheduler.  
Observation 2: A centralized beam scheduler is needed to implement a global optimization mechanism for beam coordination in NR.
The scheduling decision can be made based on the feedback information from the UEs. Basically, each UE needs to report back the condition of its own beam to its associated TRP and the feedback information will then be collected by the centralized beam scheduler. As aforementioned, any change in one TRP could potentially affect multiple surrounding TRPs. In such a case, the optimal BSSs need to be updated globally for at least each beam scheduling cycle so that the central scheduler could track the change of channel conditions. 
It is widely expected that NR TRPs will have narrow beamwidth. Simulations in [2] show that the beamwidth of a massive antenna array (16-by-16 antenna array at 28 GHz, 3GPP antenna model) is approximately 7 degrees. The narrow beamwidth is capable of providing large gain as depicted in Figure 2a. In a more typical setting (8-by-8 antenna array at 28 GHz, 3GPP antenna model) as illustrated in Figure 2b, the beamwidth is 13 degrees. As aforementioned, efficient network coordination needs to keep tracking channel qualities of UEs in the network, such that the central scheduler can make optimal coordination decisions. For this operation, if only aperiodic beam reporting is supported in NR, the system may suffer from high signalling/resource overhead for beam related information update in case of narrow beam width as depicted by Figure 2a or high UE mobility. On the contrary, periodic beam reporting (potentially with period proportional to the beamwidth of a TRP) is a more effective way. The central scheduler, for instance, can collect up-to-date channel qualities periodically from different TRPs to optimize different utilities such as maximizing spectral efficiency, network throughput or minimizing transmission delays, depending on the traffic type.
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	Figure 2a. Beamforming illustration with 16-by-16 antenna array at 28 GHz, 3GPP antenna model 
	Figure 2b. Beamforming illustration with 8-by-8 antenna array at 28 GHz, 3GPP antenna model 



Observation 3: Periodic beam reporting can be used to facilitate a global optimization mechanism for beam coordination in NR.

Based on Observation 1-3, we have the following proposal.
Proposal 1: Periodic beam reporting should be supported in NR beam coordination and management.

3. Conclusions
In this contribution, we have discussed network coordination and applications of periodic beam reporting in NR beam coordination/management. We have the following observations and proposal.
Observation 1: Beam coordination in NR can be done by using beam scheduling but the scheduling should be adaptively implemented taking into account of the factors such as the changes of the channel conditions, UE locations, etc.
Observation 2: A centralized beam scheduler is needed to implement a global optimization mechanism for beam coordination in NR.
Observation 3: Periodic beam reporting can be used to facilitate a global optimization mechanism for beam coordination in NR.
Proposal 1: Periodic beam reporting should be supported in NR beam coordination and management.
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