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Introduction
In RAN1 #86 meeting, the interference management has been discussed with the following agreement [1]:
· 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.
In this contribution, the interference issues in the NR have been analyzed through the the preliminary simulation. And some interference mitigation schemes have also been proposed.
Discussion for the NR interference management  
Interference analysis in the NR
As we know, multi-antenna schemes including analog beamforming and digital beamforming have been well investigated in NR MIMO, especially in higher frequency bands. Currently, based on beamforming transmission, whether interference issues impact the system capacity or not is not clear yet. So in this section, we analyse the interference issue with multi-beams scheme for indoor office. The detailed simulation assumption can be found in Table 1 in appendix. 
[image: ]
[bookmark: _Ref463081565]Figure 1 CDF of SIR for indoor office
As shown in the Figure 1, we can see the distribution of SIR is very broad. Since the probability of beam collision is low if the narrow beam is used for transmission, many UEs may have much high SIR because low interference. However, once the beam collision happened, the SIR of some UEs may be very low because of beamforming gain of interference signal. Although the narrow beam transmission can introduce interference randomization, the interference impact cannot be ignored in NR. 
Observation1: Interference issues play an important role for narrow beam transmission in NR. 
Therefore, for these UEs which have much low SIR values, the serious interference should be avoided or mitigated. So we propose that
[bookmark: OLE_LINK5]Proposal1: Interference mitigation should be considered in NR MIMO design. 
Potential schemes for interference mitigation
In LTE, a lot of interference mitigation schemes are adopted, such as semi-static ICIC of Rel-8, eICIC, eIMTA, CoMP, interference coordination based on advanced receiver, interference randomization and so on.  Because of non-ignorable interference issues as analysis in section 2.1 for NR MIMO, those candidates in LTE can be considered as a starting point, with the consideration of the following issues:
· Whether the identical cell ID would be adopted for different TRPs or not. 
· New configurations of the QCL for indicating the QCL relation among the RS-ports form the same/different TRPs.
· Large measurement set with affordable RS overhead. Some possible schemes could be considered, e.g. aperiodic RS for interference measurement and measurement restriction in time / frequency domain. 
· Control signal design with the supporting for per-TRP based configuration of transmission scheme, link adaption and resource allocation per TRP when the JT is adopted.
· Unified RS design, CSI measurement and feedback schemes with supporting for multiple TRP coordination, i.e., intra-TRP and for inter-TRPs interference measurement. 
Proposal 2: LTE interference mitigation schemes can be considered as a starting point in NR.
In the beamforming schemes, different beams can be used to point different directions even in the same time/frequency resources. In other words, orthogonality in spatial domain may be achieved by Tx beamforming schemes. Taking semi-static ICIC for example, besides semi-static frequency domain interference coordination, semi-static orthogonal resources in spatial domain also can be set between different cells for those cell edge UEs. Although the semi-static ICIC has no enough flexibility, the benefit of saving physical signal overhead is obvious. It is worth to be considered in NR in order to coordinate interference for the regions of some channels/signals which are not changed dynamically, e.g. PDCCH.
For other more flexible interference schemes, such as eICIC, eIMTA and CoMP, channel and interference measurement is the key point. To alleviate the interference between different CSI-RS resources, CSI-RS resources muting can be adopted to removing serious interference.  However, muting may introduce much overhead. If orthogonality in spatial domain can be achieved, multiple CSI-RS can be multiplexed in same time/frequency resource with different beam directions, and then the RS overhead will be much lower. 
Certainly, other orthogonal resource can be considered in NR as well, e.g. the orthogonality in polarization domain if antennas in both eNB and UE sides are cross-polarizations. 
Proposal 3: Orthogonality in spatial domain should be considered in NR for interference mitigation.
In LTE, the interference randomization can be achieved in different ways, such as the adoption of elaborate sequences and frequency hopping. But, it may not be sufficient in NR, especially, for applications of some beam based RS, e.g., BRS (beam reference signal), which may be periodically transmitted in some fixed subframes even for different cells. 
As shown in Figure 2, once the beam #0 of cell#0 and beam#0 of cell#1 is collided, the serious interference will always exist between these two beams if the beam transmission order is not changed at both cells. To avoid this situation, the randomization of the beam transmission order,  which can be indicated as beam randomization could be considered as the following cases:
1. Multiple beams adopted in Tx:
It is a common situation at high frequency. After implementation of the proposed methods, beam order variation from subframe#0 to subframe#N as shown in Figure 3, the interference in the first OFDM symbol is changed to be that between beam#0 of cell#0 and beam#13 of cell#1. 
2. Few beams adopted in Tx:
It is a common situation at lower frequency. As illustrated in Figure 4, in one subframe, if only two beams in each adjacent cell, different beam positions for adjacent cells can be implemented by beam randomization in order to avoid serious interference. 


[bookmark: _Ref463081597]Figure 2 Illustration of beam index mapping in subframe#0


[bookmark: _Ref463081707]Figure 3 Illustration of beam index mapping in subframe#N

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 2b Illustration of beam index mapping in subframe#N


[bookmark: _Ref463081728]Figure 4 Illustration of beam randomization with fewer beams

More specifically, the significant gain after the adoption of beam randomization is also verified through simulation shown in Figure 5. In this simulation, the beam randomization have been achieved by adopted various beam transmission order at all Tx in the simulation. The scheme which all the Tx share the same beam transmission order is considered as baseline.  Based on these results, it can be observed that significant SINR gain, i.e., nearly 7 dB gain at 50% point in the CDF, could be achieved when the proposed method is implemented. 
[image: ]
[bookmark: _Ref463081526]Figure 5  Distribution of SINR with and without beam randomization
Observation 2: Significant SINR gain can be obtained when the beam randomization are adopted in the NR.
Proposal 4: To randomize inter-cell interference, beam randomization should be studied in NR, especially for periodically transmitted RS.
Besides the beamforming techniques in Tx side, Rx beamforming may also play an important role for both improving Rx power and limiting interference, especially when the number of UE antenna elements are large in higher frequency bands. After selection a best one from multiple receive beams, the interference from other Rx direction can be restricted. Actually, Rx beamforming scheme is also belong to interference mitigation in spatial domain. Especially for uplink transmission, e.g. PUCCH feedback, eNB may receive multiple PUCCHs from different UEs in one resource via different receive beams. It is noted that if orthogonality cannot be achieved by different receive beams, orthogonal resources in other domain must be allocated to UEs, e.g. orthogonal resources in time domain, in frequency domain, or in code domain. 
Proposal 5: Rx beamforming should be considered to mitigate interference in NR.
As the aforementioned analysis, different Rx beam may lead to different levels of interference. Since the RS resources for interference measurement and for channel measurement may be separate, e.g. NZP-CSI-RS and IMR, eNB may need to know or control the receive beam which is used for interference measurement. Or else, if receive beams used for interference measurement and for channel are not known in eNB, there may be unexpected mismatch between CSI measurement results and MCS used in data.  
Proposal 6: The receive beam should be clarified for interference measurement in NR.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we analyse the interference issue in multi-beams scenario based on our simulation result, and we have the following observations:
Observation1: Interference issues play an important role for narrow beam transmission in NR.
Observation 2: Significant SINR gain can be obtained when the beam randomization are adopted in the NR.
Then, we provided our views on potential interference mitigation schemes as following 
Proposal1: Interference mitigation should be considered in NR MIMO design.
Proposal 2: LTE interference mitigation schemes can be considered as a starting point in NR.
Proposal 3: Orthogonality in spatial domain should be considered in NR for interference mitigation.
Proposal 4: To randomize inter-cell interference, beam randomization should be studied in NR, especially for periodically transmitted RS.
Proposal 5: Rx beamforming should be considered to mitigate interference in NR.
Proposal 6: The receive beam should be clarified for interference measurement in NR.
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Appendix 
[bookmark: _Ref463080609]Table 1 Simulation assumptions
	Scenario
	Indoor hotspot (carrier frequency 30GHz), 

	TxRU mapping
	For 30GHz, a single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  

	The range of selective beams per TRP sector
	Indoor hotspot: Indoor hotspot follows Option 1 of 12 sites agreed in email discussion [86-27].  
The directions of beams, e.g., DFT codebook, are within [-180, 180] degrees in azimuth domain and [90, 180] degrees in zenith domain, taking into account the UE’s distribution.

	Analog beam selection
	Search the beam pair with the objective of maximizing RSRP

	Metrics
	CDF of wideband SIR w/ Rx beamforming 

	Number of BS antenna elements across all panels
	256 Tx antenna elements

	Number of BS antenna elements across all panels
	32 Rx antenna elements

	UE antenna configurations 
	30GHz:  (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; 

	Others
	[2][3]
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