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Introduction
Uplink multi-panel operation has been studied for some time, as can be seen from the agreements below.  Two of the principal considerations are the use of coherent or non-coherent transmission across panels.  Given its potential for greater gain, in this contribution, we consider the performance of coherent inter-panel transmission.  
Agreements:(RAN1#86b)
· Study at least the following different multi-panel structures at both TRP and UE
· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)
· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)
· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE
· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis

Agreements:(RAN1#87)
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 
· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
· Should consider different inter-panel phase calibration cases
· FFS QCL related aspects
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.
· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on
· Should consider different inter-panel phase calibration cases
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Coherent transmission across panels
Different types of antenna configurations at the UE have been agreed for NR evaluations and can be found in [1], table A.2.1-4. For carrier frequencies below 6GHz, ULA antenna configurations comprise a single panel of dual polarized elements with omnidirectional beam patterns. For carrier frequency above 6GHz, the configurations include 2 and 4 panels, pointing in different directions to have quasi-omnidirectional coverage and each individual panel is either single or dual polarized. Element patterns have 90° half power beamwidth both in elevation and azimuth.
While it’s expected that NR will support coherent transmission below 6GHz, there has been discussion whether coherent transmission should be supported across panels above 6GHz. This is also the focus of this contribution.
In case panel orientations differ by 90°, the crossover gain (the gain at 45° off boresight) becomes -3dB compared to the gain in the boresight direction. Further, the element gain difference is small between adjacent panels in a significantly wide sector around the crossover direction which indicates that there is a potential for substantial gains by performing coherent transmission across panels. A simplified analysis on potential gains in a LOS scenario was presented in [1]. In this contribution a similar analysis is presented but conducted with radio channels representing an urban macro scenario at 28GHz. 
The antenna setup used comprises four panels, each with 4 dual polarized elements, and with 90 degree difference in pointing direction between adjacent panels. The channels are generated for a single dual polarized element at the gNB for the sake of simplifying the analysis as there will be no need for beam management nor UE specific beamforming at the gNB. Channels have been generated for a total of 11400 channel realizations, each channel comprising 48 frequency samples representing different RBs (resource blocks). The subcarrier spacing was set to 15kHz. The different channel realizations are representative for different UEs in different locations in the network.
To mimic the beam finding process several DFT beams, typically four, have been evaluated for each panel at the UE. The same DFT beam is assumed for both UE polarizations and the one showing the best metric, the total received power on downlink over all RBs, i.e. over both gNB antennas as well as UE beam polarizations, is selected as a beam candidate for the panel. Note that each beam has two ports with mutually orthogonal polarizations.
In a next step, the two beams with the highest metric are selected to be used in the subsequent UL transmissions. Either the two beams are always sounded or the UE decides, based on metric from beam management, to sound either one or two beams. In the latter case a threshold, that is the difference between received power in DL for the selected two beams, of 2dB has been used in our simulation resulting in two-panel sounding in 51% of the cases. Further we have introduced a “genie” approach which here means that the gNB decides, based on the UL sounding, whether to use two beams or only one beam, and then also which one of the two, for UL data transmission. 
The precoder used for UL transmission is here selected from the rel-8 DL codebooks. In case of one beam (two ports) there are four different PMI choices and in case of two beams (four ports) there are 16 different PMI choices. The precoder maximizing the total received power at gNB is selected for transmission. The total output power is always kept the same no matter single or dual beams being used so there is no output power gain from increasing the number of used ports in the results.
Precoding, over the selected UE beam ports, for UL transmission is performed assuming either a single precoder for all 48 RBs (wideband), two precoders for two sub-bands of 24 RBs each or four precoders for four sub-bands of 12 RBs each. The precoder is chosen per sub-band.
Figure 1 shows CDFs for different number of precoding sub-bands for single panel use (green dashed), always dual panel use (green solid) as well as the “genie” (blue). The gains of using two instead of one panel are in the order of 0.6 – 0.8 dB at 50% level and 0.5-1 dB at the 10% level, the larger gains for four sub-bands (precoding intervals). By selecting two panels (four ports) only when appropriate, the genie approach, the gains become slightly larger or approximately 1 dB at both 50% and 10% levels.
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Figure 2 show results similar results to what is shown in Figure 1 but now for the case where the UE decides whether to select a single or dual panels based on the threshold of 2dB. The curves for 1 panel, or 2 ports use, green dashed, are the same in the two figures whereas the two-panel use (solid green) differs. In Figure 2 two panels are selected in 51% of all channel realization which means that the poor cases for multi-panel use are removed and consequently, the impact of the genie based selection becomes less. Gains for dual-panel use are almost the same in both figures  
[image: ]
Figure 2 UE selection between one and two panels (two vs four ports) 
The analysis has been limited in several ways and one should vary different parameters to get a good understanding of the gains. Example of such parameters are the number of (DFT) beams and their corresponding pointing directions in the beam finding process, the threshold for selecting one or two panels, number of elements per panel and codebooks used for transmission over the ports. Here the focus has been on a four-panel configuration and a similar analysis should be performed also for a two-panel case. The metric in this evaluation has been on received power at the gNB; another interesting aspect to be evaluated is spectral efficiency. 
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To summarize, multipanel coherent transmission appears to offer useful gains, and should be studied further using also other realistic channels. It is also important that flexible panel use is supported such that the UE can switch between single and multipanel use depending on channel conditions. 
[bookmark: _Toc481696324][bookmark: _Toc481697208][bookmark: _Toc481697929][bookmark: _Toc481747329][bookmark: _Toc481694529]Support for at least coherent transmission across panels is a working assumption, to be confirmed with more detailed investigation
Conclusions
In this contribution, we considered the potential of coherent inter-panel transmission, making the following observations:  
Observation 1	Gains for coherent transmission over two panels compared to single panel use in the order of a dB has been obtained in the evaluation .

Given the observations, we propose:
Proposal 1	Support for  at least coherent transmission across panels is a working assumption, to be confirmed with more detailed investigation
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