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Introduction
In RAN1#86, the following agreements on network coordination were made [1]:
	Agreements:
· Study to support various interference management schemes:
· Interference management over different time scales:
· Semi-static/preconfigured interference management
· Dynamic interference management
· Interference management where signals/channels from/to UE(s) is
· Transmitted from/to multiple TRPs
· Transmitted from/to single TRP
· The above study should consider:
· Forward compatibility, e.g., for future introduction of additional interference management schemes (if any)
· Low and high NR frequencies
· Take into account backhaul/fronthaul latency constraints
· Both TDD and FDD
· Both data and control channels
· Interference measurement/reporting
· Taking into account interference management for advanced receivers
· Taking into account various scenarios
· Taking into account beam management, different antenna structures, etc.




This contribution provides Samsung’s views on network coordination schemes for NR.
Network coordination in LTE
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Since the publication of LTE Rel-8, numerous enhancements were made on LTE so that benefits of network coordination can be effectively achieved. A summary of different specification supports for network coordination are provided in Table 1. 
[bookmark: _Ref462861821]Table 1. Summary of different specification support for network coordination in LTE
	TECHNOLOGY
	SPECIFICATION SUPPORT
	BACKHAUL REQUIREMENT
	NETWORK DEPLOYMENT

	ICIC
	X2 messaging for exchange of TX power info to coordinate frequency domain TX power
	Low
	Any

	eICIC, feICIC
	Subframe subsets for CSI measurement to support time domain ON/OFF coordination and CRE
	Low
	HetNet

	CoMP
	CSI process and IMR for generation of CSI based on multiple channel/interference hypothesis
	High
	Any

	Inter-eNB CoMP
	X2 messaging for exchange of resource coordination and interference hypothesis info
	Medium
	Any

	eIMTA
	IMR subframe subsets for measuring different DL-UL interference situations
	Medium
	Small cells

	NAICS
	Higher-layer signaling to facilitate the interference cancellation and suppression for interfering cells at UE side
	Low
	Any

	feCoMP
	Study item in Rel-14
	High
	Any



As shown in Table 1, different specification supports are provided in LTE to meet different deployment scenarios or different network implementations (ex: backhaul). Although the specification support for each technology is quite different from the others, the underlying principle is very similar. UE generates multiple sets of CSI which are measured over different channels and/or interference levels to allow eNB to effectively coordinate how wireless resources are allocated across multiple cells.
Having different specification support could be good for optimizing each technology but the consequence is mainly on the UE which has to implement most (if not all) UE features related to network coordination.
Network coordination in NR
Network coordination in NR should be designed so that a common specification framework can provide the necessary tools for various types of network coordination schemes. Although network coordination may be implemented differently according to the network capability, specification support to measure different channel or interference should designed with as much commonality as possible.

Proposal 1: NR network coordination should support different types of network coordination within a common framework

In essence, the core of any network coordination scheme is the measurement of multiple channel or interference hypotheses. In future NR deployment scenarios, however, the density of cells (or TRPs) is expected to be much higher than that of LTE. With a higher cell density, the number of interference or channel hypothesis that needs to be taken into account will increase accordingly. Flexible CSI framework, which comprises modular ‘CSI reporting’, ‘RS’, and ‘CSI measurement’ components as described in our companion contribution [2], could be one way to support the increasing number of interference or channel hypothesis. In this CSI framework, the network can configure reasonable numbers of (e.g. smaller than 16 or 32) ‘CSI reporting’, ‘RS’, and ‘CSI measurement’ settings, independently. Although the number of each settings is quite limited, the gNB can cover large number of channel or interference hypothesis via multiple combinations of those component settings. Furthermore, by managing the combination of the component setting, emulated interference assessments can be done as well as the typical actual interference measurements.
In the perspective of configuration flexibility of network coordination, semi-static and dynamic network coordination schemes can be considered. In general, both types of network coordination have their own pros and cons. One of the key benefits from semi-static network coordination is that the requirement on the network side is not a stringent as those of dynamic coordination schemes that rely on TTI level decision making and low latency exchange of control and data information. On the other hands, dynamic network coordination tends to provide better performance since it can better adapt to the dynamic changes in channel, interference, and traffic loading across multiple cells at the cost of UE/network complexity. Therefore, support of both semi-dynamic and dynamic network coordination is preferred.
According to the discussion above, following proposal can be drawn:

Proposal 2: NR network coordination should support sufficient level of flexibility in ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow a network to independently configure ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow a network to configure multiple combinations of ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow ‘reporting’ based on actual interference measurement and emulated interference assessment
· Specification support should allow a network to dynamically and/or semi-statically choose between multiple combinations of ‘reference signal’, ‘measurement’, and ‘reporting’ settings

One of the key functionalities of network coordination is QCL signaling for time/frequency offset compensation of RSs transmitted via limited BW and time duration. Figure 1 illustrates two examples for QCL assumptions according to the type of RS transmission. Figure 1 illustrates that when the RSs for channel measurement and demodulation by multiple TRPs on the same resource, the corresponding QCL properties can be shared between all RSs. However, if some subsets of the RSs for channel measurement and demodulation are transmitted by different TRPs via different resources, the corresponding QCL properties can be shared between the RSs transmitted in the same TRP only. Therefore, signaling of QCL information which is linked to ‘reference signal’ and ‘measurement’ setting would be beneficial for supporting flexible network coordination schemes in NR. Moreover, the QCL information should support signaling of RS for QCL parameter estimation and the DMRS ports scheduled to a UE where each RS for QCL parameter estimation is mapped to a non-overlapping subset of DMRS ports.
Proposal 3: Support signaling of QCL information which is linked to ‘reference signal’ and ‘measurement’ setting
· The QCL information should support signaling of RS for QCL parameter estimation and the DMRS ports scheduled to a UE where each RS for QCL parameter estimation is mapped to a non-overlapping subset of DMRS ports
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[bookmark: _Ref462866455]Figure 1. Examples for various QCL assumptions

Another aspect to consider for NR network coordination is on the issue of exploiting advanced receivers at the UE side in conjunction with interference coordination at the network side. For example, if a UE’s receiver can support interference cancellation, the network can utilize this information to better coordinate interference among multiple TRPs. Interference coordination based on advanced transceivers should be considered as one of the candidate schemes for NR.

Proposal 4: Support information exchanges between gNB-UE for interference suppression and cancellation based on advanced receivers
· This should at least include side information on interfering UE(s) for efficient interference suppression and cancelation at UE side

[bookmark: _GoBack]Conclusions
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This contribution presents Samsung’s view on the support of interference coordination for NR. The following proposals are made:
Proposal 1: NR network coordination should support different types of network coordination within a common framework
Proposal 2: NR network coordination should support sufficient level of flexibility in ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow a network to configure multiple combinations of ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow a network to independently configure ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow a network to dynamically and/or semi-statically choose between multiple combinations of ‘reference signal’, ‘measurement’, and ‘reporting’ settings
· Specification support should allow ‘reporting’ based on actual interference measurement and emulated interference assessment
Proposal 3: Support signaling of QCL information which is linked to ‘reference signal’ and ‘measurement’ setting
· The QCL information should support signaling of RS for QCL parameter estimation and the DMRS ports scheduled to a UE where each RS for QCL parameter estimation is mapped to a non-overlapping subset of DMRS ports
Proposal 4: Support information exchanges between gNB-UE for interference suppression and cancellation based on advanced receivers
· This should at least include side information on interfering UE(s) for efficient interference suppression and cancelation at UE side
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