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Introduction
In RAN1 Ad Hoc meeting, the following agreements have been achieved with regard to multi-panel based downlink and uplink transmission [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

Agreements:
· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity
· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)
· Antenna port / beam indication in timing advance commands
· Multiple timing advance commands for one component carrier
· Study multiple power control for multiple antenna ports/beams
· Antenna port / beam indication in power control commands
· UE reporting of the capability of multiple power control
· Study whether or not there is spec impact

In this contribution, we further discuss the aspects of the downlink single and multiple PDSCHs for multi-TRP transmission and the uplink multi-panel transmission.

Discussion	
Downlink transmission from multiple TRPs
[bookmark: _GoBack]Based on agreements in Ad Hoc meeting, the downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul is supported in NR. However in the practical network, the ideal backhaul condition is difficult to be satisfied between two TRPs, except for the co-site TRPs. Moreover, if multiple TRPs on different sites transmit one PDSCH data stream in order to implement the coherent receiving to improve the UE performance, the data streams from multiple TRPs shall be phase-coherently when they are arriving at UE side. Such coherent transmission requires the frequency phase calibration between TRPs and the timely channel statistic information (CSI) acquisition.
However if considering the frequency offsets caused by different local oscillators of TRPs and the Doppler shift between them for moving users, the phase calibration between different sites is very difficult, therefore the performance gain of the coherent transmission across sites or non-colocated antenna panels can hardly be achieved in the practical networks. Hence, the coherent transmission of one data stream from multiple TRPs shall be low priority except the explicit gain proved by the simulation with considering the practical calibration error.
Proposal 1: The coherent transmission of one data stream from multiple TRPs should be low priority except the explicit gain proved by the simulation with considering the practical calibration error.
As for the downlink transmission of different NR-PDSCH data streams from multiple TRPs, there are two schemes, one is that a UE receives one PDSCH with multiple layers from different TRPs, the other is the UE receives multiple PDSCHs with each of them with one layer from different TRPs, shown as Fig.1.  These two alternatives lead to different control signalling and CSI feedback.
For multiple layer transmission within one PDSCH, the same HARQ mechanism and resource allocation scheme can be used for different TRPs, and based on this, the UE can measure CSI and interference of different TRPs and use the non-linear advanced receiver to cancel interference between TRPs.
For multiple layer transmission within multiple PDSCHs, as the resource allocation and MCS scheduling can be different for different TRP PDSCHs, the flexible resource scheduling can be applied across the TRPs. However, it will increase the complexity of the UE interference measurement and non-linear receiver application.
Overall, the single PDSCH transmission scheme can facilitate more accurate CSI feedback and the use of advanced receiver with the cost of multiple codeword support per PDSCH and the scheduling flexibility reduction compared to the multiple PDSCH scheme.  
[image: ]
Figure 1. Downlink multiple layer transmission within multiple PDSCHs                            
Proposal 2: Both single and multiple PDSCH based multiple TRP transmission schemes need the extra standardization work to support the new mechanism of HARQ, CSI-IM, resource allocation etc. The benefit of the resource scheduling flexibility across TRPs shall be clarified.

Uplink transmission from multiple panels
In high frequency carrier, MIMO arrays can be compacted in an antenna panel, then these multiple panels can be placed together to form a large rectangular antenna array with high correlation or be separated as far as possible to keep the low correlation in mobile phones. This design depends on what we want, the maximum beamforming gain or the spatial diversity reliability gain.
If we put these multiple panels together to form a large rectangular antenna array, the maximum beamforming gain can be achieved to increase the coverage of the UE uplink communication and the SNR of received data at gNB side. However, in high frequency the directional links formed by the narrow beams are quite sensitive to the blockage, if the beams generated by the multiple panel joint precoding are blocked by the obstacles around UEs, such as the user hands, face and body, it will result in a failed connection between gNB and UE.
If the antenna panels on UEs are separated from each other as far as possible, such as being placed along the upper and bottom edges of a mobile phone thus resulting in few antenna penal groups with the relatively low correlation between them to reduce the link failure rate caused by obstacles and blockages.
For high frequency uplink transmission, the link reliability may be more important compared with the link coverage. Therefore, the non-coherent MIMO transmission is preferred here, where the independent beamforming is applied among different antenna panel groups, each group of antenna panels could form its own beam to point to the desired TRP respectively. With respect to the individual beams, reliability can be guaranteed. Meanwhile, the multiple panel groups on UE could be used for the multi-beam reception and the interference over streams can be partially reduced via spatial separation.
Proposal 3: In the multi-panel based UL transmission, non-coherent transmission scheme should be supported in order to improve the transmission reliability and capacity.
Since the usage of multiple antenna panels extends the UE UL transmission from one point communication to the multiple point communication, some new techniques such as beam access/recovery procedure, multiple timing advance adjustment and power control should be introduced at NR UE side. Based on these technics, UE can maintain multiple narrow beam links simultaneously with different TRPs to increase the communication reliability. However, when the number of beam links increases, the beam pairs will change frequently with the rapid change of circumstances. It will result in the severe fluctuation of uplink interference and reduce the network performance. Therefore the simultaneous beam pair number of non-coherent uplink transmission shall be moderate and be decided by gNB to avoid the negative performance effect of the frequent birth death process of the beam pairs.
Proposal 4: In the multi-panel based UL transmission, the number of simultaneous non-coherent transmission links should be decided by gNB to avoid the negative performance effect of the frequent beam changing.



Figure 2. Uplink multi-panel based transmission

Summary 
This contribution has discussed the downlink multi-TRP transmission with single and multiple layers across TRPs and the uplink multi-panel based transmission. We have following proposals:
Proposal 1: The coherent transmission of one data stream from multiple TRPs should be low priority except the explicit gain proved by the simulation with considering the practical calibration error.
Proposal 2: Both single and multiple PDSCH based multiple TRP transmission schemes need the extra standardization work to support the new mechanism of HARQ, CSI-IM, resource allocation etc. The benefit of the resource scheduling flexibility across TRPs shall be clarified.
Proposal 3: In the multi-panel based UL transmission, non-coherent transmission scheme should be supported in order to improve the transmission reliability and capacity. 
Proposal 4: In the multi-panel based UL transmission, the number of simultaneous non-coherent transmission links should be decided by gNB to avoid the negative performance effect of the frequent the frequent beam changing.
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