Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 #82bis	R4-1703089
Spokane, Washington, USA, 3rd – 7th April 2017

Source: 	Ericsson 
Title:		On radiation pattern for some example envisaged multi-antenna       transmission schemes
Agenda Item:	10.4.3.2
Document for:	Discussion
Introduction
In RAN#75, the WI for new Radio (NR) access technology was approved [1] where one objective is to specify several types of multi-antenna transmission/reception schemes as below (extract from NR WID):
“Downlink and uplink functionality related to multi-antenna transmission/reception enabling closed loop and open/semi-open loop transmissions, beam management, interference measurement, Type I codebook-based CSI acquisition and Type II CSI acquisition as well as CSI acquisition for reciprocity-based operation, the associated reference signal designs, and related quasi-colocation assumptions.”.
In RAN4#82, the discussion on new requirements related to the beam were discussed [2 & 3 and 4]. It has been agreed that there are quite a few fundamental questions that should be considered before deciding on any new beam related requirements which is further elaborated in [5].
In this paper, a brief discussion on some example multi-antenna transmission schemes with good performance as well as corresponding radiation pattern is presented. In addition, for some scenarios amplitude tapering was applied. The intention is not to initiate any evaluation discussion on any type of multi-antenna transmission schemes rather demonstrate the significant differences in the radiation pattern depending on the approach to beamforming. 
Multi-antenna transmission schemes in NR
[bookmark: _GoBack]It is envisioned that NR will efficiently support several multi-antenna transmission techniques and at the same time enable efficient and practical antenna building practises. To obtain the full potential of MIMO techniques one essentially needs to access multiple antenna elements. One such example is illustrated in Figure 1 where we illustrate how a set of antenna ports can be mapped to a physical antenna, assuming a digital multi-antenna transmission solution, in different ways for a given antenna aperture. More explicitly two different antenna to antenna port mappings are illustrated varying from 8 to 64 antenna ports assuming that each box in the figure corresponds to two ports (one per polarization). By doing so, and assuming that the antenna is located at the gNB side, the gNB will be able to improve system performance by performing precoding (or beamforming) over the available antenna ports. This is done in such a way that the signals from the different antenna ports are added coherently at the UE side and thereby a beamforming gain is obtained in the direction of the UE (or rather the directions of the different propagation paths to the UE). 
                             [image: ]
                                                              
Figure 1. An 8 by 4 cross-polarized antenna with an antenna to antenna port mapping resulting in 8 antenna ports (on the left) and 64 antenna ports (on the right).          
One example beamforming technique is to ensure that the signals from each antenna are added coherently in one particular direction. This will thus maximize the received power for the UE in this direction which may be beneficial in for instance a line of sight situation. The precoding vectors/matrices obtained when deriving this precoder are commonly referred to as “DFT precoders” in the literature.
In Figure 2 an example of a beam pattern for such a precoder is presented. In this example we have assumed the antenna structure illustrated in the rightmost example of Figure 1, hence we consider an 8 by 4 cross-polarized antenna connected to 64 antenna ports. This means that each antenna port is directly connected to an antenna element. For the given antenna and precoder configuration we observe in this particular example that the gNB directs the beam in the direction corresponding to a zenith angle of 95° and an azimuth angle of 20°. By varying the precoder the gNB will in such a way be able to direct its emitted energy in different directions which in turn enables an improved system performance. By varying the precoder in a dynamic fashion the gNB will thus be able to dynamically direct its emitted energy in different directions which in turn enables an improved system performance.  
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Figure 2. Antenna radiation pattern for a beam directed in for zenith angle 95° and azimuth angle 20° for 64 antenna ports.
Practical multi antenna downlink schemes in NR
In this section we will investigate the performance of a few different multi-antenna transmission schemes anticipated to be used in NR. The different schemes considered are
· FDD DFT wideband (WB) - This scheme corresponds to a commonly used implementation for FDD systems where a precoder codebook is used which constitutes a “grid of beams” codebook. This essentially means that the UE estimates the channel and based on this estimate it furthermore estimates the performance given the different precoders contained in the codebook. The codebook is in turn a set of DFT precoders directed in different directions. The UE then feeds back the best precoder and data transmission is conducted with a DFT precoder, as for instance illustrated in Figure 2. This is furthermore done in a wideband manner meaning that the same DFT precoder is used on all frequency subbands. 
· FDD DFT subband (SB) – This scheme is similar to the FDD DFT wideband system except that the precoder can be used on a per subband level. Hence, different precoders can be used for different subbands. 
· TDD SVD wideband – In this scheme we instead assume that reciprocity is utilized such that the channel is estimated by the gNB based on uplink transmissions. Hence, by utilizing reciprocity it is possible for the gNB to get an explicit estimate of the channel. Furthermore, this channel estimate can be utilized to performing an SVD which in turn will reveal the strongest eigenvector of the channel. Obtaining this eigenvector will make it possible to design a precoder that transmits along this strongest eigenvector which (without going into too much details) is in some sense an optimal strategy. In the case of a line of sight transmission the resulting precoder will look very similar to a DFT precoder but in a no line of sight case the resulting precoder may have very different characteristics compared to the DFT precoder. 
In the following sections we will define a simulation setup and present some results for these different schemes.      
Simulation setup
We will model the individual antenna elements as given in 3GPP TR 36.873 where the vertical (zenith) antenna radiation pattern is described by the following equation in dB

and the horizontal (azimuth) antenna radiation pattern in dB given by

and the combined pattern is given from 
.
We will as a baseline configuration use an 8 by 4 cross-polarized antenna with an antenna to antenna port mapping resulting in 8 antenna ports as illustrated on the left side of Figure 3. We will compare this to the antenna layout illustrated on the right of Figure 3 corresponding to 32 antenna ports. Here a beamforming vector is used for each of these “subarrays” meaning that the same fixed beamforming vector has been applied to all the subarrays in the simulation. These beamforming vectors have furthermore been optimized to provide the optimal system performance. More detailed simulation assumptions are presented in the Appendix.                                          
                            [image: ]
Figure 3. Baseline configuration with 8 antenna ports (on the left) and a subarray configuration corresponding to 32 antenna ports (on the right).

System simulation results
The simulation results were obtained simulating SU-MIMO for the 3D UMi scenario conducting system level simulations for a 19 3-sector sites scenario for the schemes described in Section 3. We have also included versions of these schemes which utilize a Chebyshev tapering with 20dB sidelobe suppression. The traffic model used in these simulations was the non-full buffer traffic model and the performance metrics were measured at 50% resource utilization for the baseline system (hence the 8 antenna ports system). The results are shown in Figure 4. As can be seen large gains, both on cell edge and on normalized user throughput, are obtained compared to the baseline scheme for all the investigated schemes. We furthermore observe that the SVD precoding-based scheme yields the best performance. However, substantial performance gains were obtained for all simulated schemes compared to the baseline.
 
Figure 4. Cell edge and normalized user throughput gains compared to the baseline system. 
It can be observed that all simulated multi-antenna transmission schemes yield a substantial performance gain compared to the baseline scheme. 
Discussion on beamforming patterns
In this section we will illustrate a few snapshots of the beamforming patterns used by the different MIMO schemes simulated in the previous section. In Figure 5 the beamforming pattern, averaged over frequency and thus relating to the emitted energy, is illustrated for the FDD DFT wideband scheme using the 32 antenna ports setup. Since the antenna ports for this case will have a distance larger than 0.5λ grating lobes will appear which is seen in the plot. In the presented figure the gNB is directing its energy towards the direction corresponding to zenith angle 95° which generates a grating lobe around zenith angle 80°. 

[image: ][image: ]
Figure 5. Emitted energy in the case of FDD DFT wideband precoding when the beam is directed in zenith=95° and azimuth=20° for 32 antenna ports. 
In Figure 6 the emitted beamforming pattern, averaged over frequency, is illustrated for the FDD DFT subband scheme using the 32 antenna ports setup. Also here the distance between the antenna ports will result in grating lobes. Furthermore, it is possible that one precoder is used in one part of the bandwidth and another precoder is used on another part of the bandwidth. Hence, the gNB may potentially direct its emitted energy in different directions at different frequencies for this scheme. 
[image: ][image: ]
Figure 6. Emitted energy in the case of FDD DFT subband precoding..

Finally, in Figure 7 the emitted beamforming pattern, averaged over frequency, is illustrated for the TDD SVD wideband scheme using the 32 antenna ports setup. Since the gNB in this case has access to the entire channel matrix, it is not constrained to perform precoding with DFT precoders. Thus, the beamforming pattern may in this case look much more complex and better match the nature of the propagation environment. This is also quite clear in the figure. 
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Figure 7. Emitted energy in the case of TDD SVD wideband precoding.

It can be observed that for all different multi-antenna transmission schemes, the radiation pattern differs significantly even though the system performance is quite similar.
Conclusions
In the light of NR WID objective and ongoing RAN4 discussions on possible new NR requirements, a short overview of some different envisaged NR multi-antenna transmission schemes was presented. System performance simulations results as well as corresponding radiation pattern for example multi-antenna transmission schemes were presented. In addition, the amplitude tapering was activated for one scheme. The system simulations indicated that regardless of envisaged example scheme, the performance is good with or without amplitude tapering to improve the side-lobe suppression.
The radiation pattern for different example schemes was also presented demonstrates significant different characteristics even though the performance of different schemes is quite similar. Considering the difference in radiation patterns which gives an indication on difficulties of finding beam related parameters which would reflect the different envisaged multi-antenna transmission schemes without mandating certain implementation or affecting the system performance.
The accelerated time plan for NR in addition to results presented in this paper confirm that any possible new beam related requirement should be carefully considered, as any such requirement might not only mandate and restrict the implementation but also could negatively affect the system performance.   
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Appendix
[bookmark: _Toc462402224]Simulation parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	BS antenna configuration
	(M,N,P,Mg,Ng) = (8,4,2,1,1) with 2x1 virt., (135° tilt)

	UE antenna configuration
	(M,N,P,Mg,Ng) = (1,n,2,1,1) with n=1, 2 or 4

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	BS Tx power 
	41 dBm (UMi)

	Traffic model
	Non full buffer: FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	Antenna spacing
	0.7 lambda in vertical, 0.7 lambda in horizontal

	Handover margin
	3 dB



Table 1. Performance numbers using an 8x4 antenna array. 

	Scenario
	Cell edge throughput 
[bps/Hz/user]
	Normalized User Throughput 
[bps/Hz/user]

	DFT, WB, 8 antenna ports
	0.44756
	2.3331

	DFT, WB, 32 antenna ports
	1.0918
	3.4159

	DFT, SB, 32 antenna ports
	1.0918
	3.4159

	SVD, WB, 32 antenna ports
	1.247
	3.8125

	DFT with tapering, WB, 
32 antenna ports
	1.0951
	3.4118

	DFT with tapering, SB, 
32 antenna ports
	1.0951
	3.4118




Cell edge gain [%]	DFT, WB, 8 ant. ports (reference)	DFT, WB, 32 ant. ports	DFT, SB, 32 ant. ports	SVD, WB, 32 ant. ports	DFT with tapering, WB, 32 ant. ports
	DFT with tapering, SB, 32 ant. ports	0	144	144	179	145	145	Normalized user throughput gain [%]	DFT, WB, 8 ant. ports (reference)	DFT, WB, 32 ant. ports	DFT, SB, 32 ant. ports	SVD, WB, 32 ant. ports	DFT with tapering, WB, 32 ant. ports
	DFT with tapering, SB, 32 ant. ports	0	46	46	63	46	46	
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