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Introduction
In RAN1 NR Ad-hoc meeting, coordinated transmission was discussed with the following agreements [1]:
Agreements:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded
As we know, one of the main intentions of coordinated transmission is interference mitigation. In this contribution, we focus on analysing interference issues in the aspects of interference coordination, interference randomization and interference measurement in NR.  In [4], multi-TRP transmission is discussed in the aspect of joint transmission which supports better spatial multiplexing as well as interference mitigation.
Interference coordination and randomization
Based on our analysis with some simulation results as described in [2], the interference issue plays an important role for narrow beam transmission in NR.
[bookmark: _GoBack]Different narrow beams can be used to support data transmission in different directions in same time/frequency resources. Orthogonality in spatial domain can 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 among different cells for those cell edge UEs. Although semi-static ICIC has less flexibility compared to dynamic scheme, 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.
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 1: Orthogonality in spatial domain should be considered in NR for interference mitigation.
In addition to interference coordination, interference randomization should be considered in NR, especially, for applications of beam-based RS, like MRS, CSI-RS which may be periodically transmitted in some fixed subframes even for different cells. 
As shown in Figure 1, once beam #0 of cell#0 and beam#0 of cell#1 collides, serious interference will always exist between these two beams if the beam transmission order is not changed at both cells. To avoid this situation, randomization of beam transmission order which is called beam randomization, could be considered as following cases:
1. Multiple beams sweep across multiple slots:
It is a common situation at high frequency. After implementation of the proposed methods, beam order varied from subframe#0 to subframe#N.  As shown in Figure 2, 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. Only a few beams are transmitted in one slot:
It is a common situation at lower frequency. As illustrated in Figure 3, in one subframe, if only two beams are 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 1 Illustration of beam index mapping in subframe#0


[bookmark: _Ref463081707]Figure 2 Illustration of beam index mapping in subframe#N



[bookmark: _Ref463081728]Figure 3 Illustration of beam randomization with fewer beams
Proposal 2: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically transmitted RS.
Interference measurement
For interference schemes, such as eICIC, eIMTA and CoMP, channel and interference measurement is key point. Since NR has supported aperiodic transmission of CSI-RS, aperiodic IMR should be naturally adopted to meet a lot of measurement hypothesises, especially for MU interference measurement.
If aperiodic IMR is based on ZP CSI-RS, gNB needs to configure resources for each UE predicted in the MU pairing. One potential enhancement to further reduce RS overhead is sharing resource pool among UEs based on NZP RS. The paired UEs in MU hypotheses share a configured NZP RS resource pool for interference measurement, and the specific resources are indicated if triggered. More specifically, two detailed design options are given as follows. 
Option 1: Sharing resource pool for interference measurement only
In this option, all paired UEs in a MU prediction share the same NZP RS resource pool. BS indicates the particular resource used for IM upon triggering. Then BS transmits NZP RS for all paired UEs in one shared resource. Moreover, BS needs to indicate these UEs which particular RS sequences are used. Therefore, UEs can perform interference estimation based on the SIC receiver. For estimation of inter-cell interference, other BSs also transmit NZP RS in this resource, and all RS sequences used by BSs need to be signalled in order to achieve accurate interference estimation.
Option 2: Sharing resource pool for both desired channel and interference measurement
In this option, the resource pool contains NZP RS resources used for both desired channel and interference measurement. Aperiodic trigger indicates the resource for channel measurement and interference measurement dynamically.   BS indicates paired UEs which resources in the resource pool are used for channel measurement or interference measurement. UE acquires the CSI for its desired channel based on the channel measurement resource, and then subtract the RS power w.r.t. the desired channel in the interference measurement resource to obtain the interference power [3].   
Proposal 3： Support resource pool sharing for channel and interference measurement resources.
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 selecting the best one from multiple receive beams, interference corresponding to other Rx directions can be restricted. Actually, Rx beamforming scheme is belonged 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 4: Rx beamforming should be considered to mitigate interference in NR.
According to the above 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 an unexpected mismatch between CSI measurement results and MCS used in data.  
Proposal 5: 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, and we provided our views on potential interference mitigation schemes as following 
Proposal 1: Orthogonality in spatial domain should be considered in NR for interference mitigation.
Proposal 2: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically transmitted RS.
Proposal 3：Support resource pool sharing for channel and interference measurement resources.
Proposal 4: Rx beamforming should be considered to mitigate interference in NR.
Proposal 5: Receive beam should be clarified for interference measurement in NR.
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