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Introduction
RAN1 has considered both coherent and non-coherent multi-panel transmission for some time, as can be seen by the prior agreements below.
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

Coherent and non-coherent multi-antenna transmission trade off performance gains for simplified UE implementation.  While in prior contributions we have focussed on coherent multi-panel operation, in this contribution, we study non-coherent operation in more depth.  Simulations are provided comparing the performance of coherent and non-coherent multilayer transmission, related power combining and PA power assumptions are discussed.
[bookmark: _Ref178064866]Discussion
Coherent and Non-Coherent Transmission Across Panels
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 a prior contribution [3], we concentrated on the gains of coherent transmission for a single-layer, and found that useful gains were possible.  However, it is less clear that multi-layer transmission benefits from coherent inter-panel or intra-panel transmission.  Furthermore, while it’s intuitively expected to be useful, the benefit of simple non-coherent multi-panel transmission with one layer per panel over antenna selection has not been investigated much in RAN1 to our knowledge.  Therefore, in this contribution we study the benefit of dual-layer transmission, where pairs of ports in a panel can be coherently combined within two panels (‘coherent intra-panel’ transmission) and then one layer each is transmitted from the two panels, or all 4 ports can be combined across two panels coherently while transmitting two layers (‘coherent multi-panel’ transmission) jointly from the panels.  These dual-layer approaches are compared to a baseline where the precoding is applied to the pairs of ports within a panel, and the best panel is selected to transmit one layer. 
The precoders used for UL transmission here are selected from the Rel-8 DL codebooks. In case of one beam (two ports) there are four different PMI choices for single-layer per-panel transmission and three choices for dual-layer per-panel transmission. In case of two beams (four ports) there are 16 different PMI choices for two layer transmissions. The total output power is always kept the same no matter if two or four ports are being used or if the UE is transmitting one or two layers. Consequently, there is no output power gain from increasing the number of used ports in the results.
Figure 1 shows CDFs for the 3 different precoding approaches. A simple Shannon capacity measure is used where the layers are separated with an MMSE-IRC receiver.  There are two sets of curves: one at a relatively low power affording about 1.5 bps/Hz, and another that is 12 dB higher.  The particular powers were chosen for illustration purposes to be consistent with where dual-layer operation would not be as beneficial and where it would be highly beneficial.  
From Figure 1we see the expected result that at lower SINRs, selecting the best antenna and using single antenna transmission can be competitive with dual-layer transmission.  However, we do observe about a 5% mean spectral efficiency gain from using coherent multi-panel transmission relative to panel selection.  At the higher SNRs, the ability to transmit non-coherently over two panels bring substantial spectral efficiency gains: 24% mean and 17% median throughput gain relative to panel selection.  Coherent multi-panel transmission performs better still, such that it has 30% mean and 22% median gain over panel selection.
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[bookmark: _Ref485378837][bookmark: _Hlk485303490]Figure 1 Spectral Efficiency of Panel Selection vs. Multi-Panel Transmission

[bookmark: _Toc490173625][bookmark: _Toc490173626][bookmark: _Toc490173627][bookmark: _Toc490173628][bookmark: _Toc490173629][bookmark: _Toc490173630][bookmark: _Toc490253101][bookmark: _Toc481694529]Devices not capable of coherent multi-panel transmission can achieve substantially increased throughput (20-30%) by transmitting two layers on two panels using two TPMI rather than selecting the best panel with its corresponding TPMI for transmission.
[bookmark: _Toc490253102]Coherent transmission across panels can provide some additional spectral efficiency improvements over purely non-coherent inter-panel for rank 2 transmission.
[bookmark: _Toc490169204][bookmark: _Toc490173634][bookmark: _Toc490253104]Multiple TPMIs can be signalled to allow non-coherent transmission over SRS ports belonging to different SRS resources (i.e. different panels).
Power combining and PA power assumptions
It is generally beneficial in terms of UE complexity and UE current drain to use power amplifiers with as low a peak power output capability as possible.  Since the power from multiple PAs can combine, one benefit of using UL MIMO could potentially be to reduce the maximum power requirements per PA.  For example, instead of having one 23 dBm capable PA in a single antenna UE, a UL MIMO UE might require two PAs with 20 dBm each.  However, using multiple PAs to reach peak power requirements in order to meet peak power requirements and/or extend range can be difficult to achieve in all UE implementations and operating conditions.  For example, a given antenna element could be covered by the user’s hand, losing half the power.  Also, some gNBs may not support UL MIMO, in which case the UE must virtualize the two antennas for form a single effective antenna, or simply use at least one full power PA.  However, if the UE has two full power PAs, it must ensure that it does not exceed its maximum transmit power, and so in that sense could not actually use power combining to extend its UL range beyond what one of its PAs could achieve.
[bookmark: _Toc490253103]Benefits of PA power combining can vary according to UE implementation, radio conditions, and network configuration.
[bookmark: _Toc490169205][bookmark: _Toc490173635][bookmark: _Toc490253105]NR UL MIMO should be designed without making assumptions on whether or not each of the UE’s PAs can deliver the UE’s rated maximum transmit power.
[bookmark: _Toc490169206][bookmark: _Toc490173636][bookmark: _Toc490253106]NR UL MIMO should support a wide variety of UL MIMO implementations, including those that benefit from either coherent or non-coherent power combining
Conclusions
In this contribution, we considered the potential of coherent inter-panel transmission, making the following observations:  
Observation 1	Devices not capable of coherent multi-panel transmission can achieve substantially increased throughput (20-30%) by transmitting two layers on two panels using two TPMI rather than selecting the best panel with its corresponding TPMI for transmission.
Observation 2	Coherent transmission across panels can provide some additional spectral efficiency improvements over purely non-coherent inter-panel for rank 2 transmission.
Observation 3	Benefits of PA power combining can vary according to UE implementation, radio conditions, and network configuration.

Given the observations, we propose:
Proposal 1	Multiple TPMIs can be signalled to allow non-coherent transmission over SRS ports belonging to different SRS resources (i.e. different panels).
Proposal 2	NR UL MIMO should be designed without making assumptions on whether or not each of the UE’s PAs can deliver the UE’s rated maximum transmit power.
Proposal 3	NR UL MIMO should support a wide variety of UL MIMO implementations, including those that benefit from either coherent or non-coherent power combining
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[bookmark: _In-sequence_SDU_delivery]Simulation Details
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.
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 [2]. 
The antenna setup used in this contribution 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 120kHz. 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, representing four ports, with the highest metric are selected to be used in the subsequent UL transmissions. These four beams are sounded in uplink so that the gNB can decide the number of ports, and which precoder(s), to be used for UL transmission. 
For each of the evaluated transmission cases all possible combinations of precoders are evaluated and the PMI(s) offering the best performance is selected. The receiver at the gNB is an MMSE receiver and the SINR has been mapped via the Shannon equation to give the spectral efficiency.  The performance metric is average spectral efficiency over the entire bandwidth (48 PRBs).


	4/4	
image1.png
Fraction of Subframes with Spectral Efficiency < X

ncy CDF: 2 Layer Transmission

—+— Best Panel
Two Layers,
—&— Two Layers,

, Coherent Intra-Panel
. Coherent Multi-Panel

5 6 7
Spectral Efficiency (bps/Hz)




