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Introduction
In RAN1#89 meeting, the following agreements on the DL transmission with multiple TRPs are achieved [1]:
· Adopt the following for NR reception:
· Single N R-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
In this contribution, the detailed interference coordination schemes, e.g., joint transmission and interference randomization are elaborated. 
Joint Transmission
Based on current agreements, joint transmission from multiple TRPs is supported with either single or multiple PDCCH/PDSCH(s).  As observed from the SLS results listed in [2], coordination among TRPs would enhance stability and data rate of the link, especially for improving coverage of cell-edge UEs. Moreover, in the application of above 6GHz with high probability of LoS situation, it is expected spatial multiplexing would be better supported via joint transmission from multi-TRPs to achieve higher degree of freedom. For fully exploiting the benefits of coordination transmission, we list out some of the aspects for consideration on the standardization support for multi-TRP joint transmission.
· Maximum supported number of NR-PDCCHs/PDSCHs
The important use case of multi-TRP transmission using multiple NR-PDCCHs/PDSCH is non-ideal backhaul scenarios. In this kind of case, less coordination among multiple TRPs is expected. For reducing the information exchange,  the framework of multiple connectivitycan be reused to support multi-TRP transmission using multiple-PDCCHs/PDSCH. Since NR Phase I supports dual connectivity (DC) only,  it is reasonable to support the number of NR-PDCCHs/PDSCHs  up to 2.. 
· Beam management 
In RAN1#86, it was agreed to strive for the same procedure design for intra-TRP and inter-TRP beam management [3]. And it was also agreed to study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE in RAN1#86bis [4].  With these agreements, MIMO transmission based on multiple panels at same TRP or at different TPRs should share unified framework including reporting and indication.  As proposed in [5], beam grouping can be used for multiple-TRP transmission so that beams are grouped based on experienced channel properties for both signal and interference. Moreover, beam indication can be done via QCL association for different allocated RSs groups, e.g., DM-RS resource groups shown in Figure 1.


[bookmark: _Ref485047819]Figure 1 Illustration of beam indication via QCL for multiple TRPs
· CW/CBG-to-resource mapping




In case of multiple TRP transmission, different channel properties can be expected between each TRP to UE, which will lead to various numbers of ranks and reception conditions per link. Considering this phenomenon, if only one PDSCH is supported, multiple CBGs within one CW can be transmitted from different TRPs according to the layer mapping schemes that: each CBG can be mapped to one layer set which corresponds to one TRP.  In this way, it can be expected to minimize the re-transmission of CBGs within one CW since independent error probability can be achieved in per CBG manner based on different channel condition. Moreover, if multiple PDSCHs are received by one UE simultaneously, total number of transmitted layers of these PDSCHs should not exceed the maximum supported number of layers L (e.g., L = 8) by the UE. For example, if N PDSCHs are considered, the number of transmitted layers of ith PDSCH  should be limited as  . refers to the maximum supported number of layer of ith PDSCH, which can be calculated as  , or can be adapted by coordination among TRPs based on obtained CSIs or can be reported by UE to each TRP
· Control signaling on resource allocation
Comparing with LTE, more flexible DL/UL grant can be supported via either single or multiple PDCCHs for multiple TRPs transmission. In order to minimize the type and size of DCI, and reduce the complexity for UE decoding, the use of single or multiple DCIs can be determined according to several factors, e.g., backhaul condition, RA schemes and UE capability. For example, if ideal backhaul is used among TRPs, the scheme with single PDCCH can be considered. Since ideal backhaul is assumed, resource allocation can be dynamically coordinated to support only fully overlapping and non-overlapping cases. The RA design for multi-TRP transmission with single PDCCH should support fully overlapping non-coherent JT and non-overlapping frequency selective DPS. Performance benefits of supporting non-overlapping scheme have been observed in [6].  
On the other hand, multiple PDCCH/PDSCH transmission is more robust to backhaul condition and independent RA per TRP can be supported in each DCI. Moreover, the configurable start and duration for each PDSCH scheduled by corresponding PDCCH can also be considered as shown in Figure 2. In this case, higher layer configured DPS pattern in time domain can be supported..


[bookmark: _Ref485061752]Figure 2 Illustration of transmission for multiple PDSCH
· MCS assignment
In LTE, MCS assignment is done per codeword i.e. both modulation and coding are the same across the same codeword. If partial overlapping scheme of resource allocation is adopted, different interference is experienced for the same codeword and hence using one MCS across the same codeword is not appropriate.   MCS assignment should be considered such case to adapt different interference situation in the same codeword.  E.g. different modulation schemes can be allowed.
· CSI feedback
In LTE, multiple CSI processes are used to support CSI feedback for multi-TRP transmission.  CSIs are derived mostly in independent manner for each TRP.  In NR, it is beneficial to consider aggregation of multiple CSI-RS for aggregated CSI feedback in single PDSCH case. Design of aperiodic CSI can be more flexible so that multiple CSI-RS resources can be selected for channel measurement considering JT. CSI feedback considering different codeword to layer mapping should also be supported. For multiple PDCCHs scenario, multiple CSI processes with dependency can be adopted for CSI calculation, and the corresponding feedback via multiple PUCCH/PUSCH(s) is preferred. Moreover, if UE capability is limited, relaxation on time offset between CSI triggering and CSI reporting can be considered
· Advanced receiver 
In LTE, CWIC is considered as advanced receiver for non-coherent JT.  Advanced receiver such as successive interference cancellation (SIC) has the ability to eliminate the inter-codeword interference between JT TPs by subtracting correctly detected signal from received signal.  To deduce the actual CSI seen by SIC receiver, different interference assumptions can be applied for different codewords. Whether different interference assumptions are necessary and how to signal it needs to be studied.  One way of doing it is to put channel and interference measurement resource in a resource pool [8].  
Following the discussion, we have the following proposals:
Proposal 1: The maximum supported number of PDCCHs/PDSCHs is 2.
Proposal 2: Group based beam management is considered to support MIMO transmission based on multiple panels at the same TRP or at different TPRs should share the same beam management procedure.  
[bookmark: _GoBack]Proposal 3: In case of single PDSCH transmission for multi-panel/TRP scenarios with ideal backhaul, the resource mapping scheme for the CBGs within one CW should be supported in per layer set manner. 
Proposal 4: Resource allocation of multiple TRP transmission with single PDCCH case supports fully overlapping and non-overlapping RA scheme from two TRPs.
Proposal 5: Aspects of MCS assignment, CSI feedback and advanced receiver should support multi-TRP transmission in NR.    
Interference randomization and coordination
In addition, interference randomization can be considered in order to mitigate serious interference among TRPs. Specifically, for applications of beam-based RS, such as CSI-RS for P1 beam management and L3 mobility which may be periodically transmitted in some fixed subframes even for different cells. 
As shown in Figure 2, 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 slot#0 to slot#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. Only a few beams are transmitted in one slot:
It is a common situation at lower frequency. As illustrated in Figure 4, 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: _Ref478111220]Figure 3 Illustration of beam index mapping in slot#0


[bookmark: _Ref478111308][bookmark: _Ref463081707]Figure 4 Illustration of beam index mapping in slot#N


[bookmark: _Ref478111316]Figure 5 Illustration of beam randomization with fewer beams
Proposal 6: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically CSI-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 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 7: Rx beamforming should be considered to mitigate interference in NR.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides further details on supporting multi-TRP transmission. To support joint transmission and interference randomization, we have the following proposals:
Proposal 1: The maximum supported number of PDCCHs/PDSCHs is 2.
Proposal 2: Group based beam management is considered to support MIMO transmission based on multiple panels at the same TRP or at different TPRs should share the same beam management procedure.  
Proposal 3: In case of single PDSCH transmission for multi-panel/TRP scenarios with ideal backhaul, the resource mapping scheme for the CBGs within one CW should be supported in per layer set manner. 
Proposal 4: Resource allocation of multiple TRP transmission with single PDCCH case supports fully overlapping and non-overlapping RA scheme from two TRPs.
Proposal 5: Aspects of MCS assignment, CSI feedback and advanced receiver should support multi-TRP transmission in NR.   
Proposal 6: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically CSI-RS.
Proposal 7: Rx beamforming should be considered to mitigate interference in NR.
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