Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 #82bis	R4-1704953
Hangzhou, China, 15th – 19th May, 2017


Source:	Ericsson 
Title:	 General discussion on average radiation pattern
Agenda Item:	10.5.3.4	
Document for:	Discussion
Introduction
As 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, a discussion on radiation pattern for some multi-antenna transmission techniques was initiated in [1]. In general, to obtain the full potential of MIMO techniques one essentially needs to access multiple antenna elements with examples such as that illustrated in Figure 1 where 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 antennas 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: ]
                                                              
[bookmark: _Ref481522959]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).          
In this paper, we continue the investigation on potential candidate beam related parameters considering the “expected/average radiation pattern” from NR antenna array point of view
Discussion
 Introducing “average radiation pattern”
When discussing radiation patterns from antenna arrays what is being referred to is what we will refer to as “average radiation pattern”. This is defined as follows, 

where  is the radiation pattern of beam i for a certain direction given by . In total there are N number of beams. Here it is furthermore assumed that each beam i corresponds to a certain beamformer and that the beamformer then will generate a certain . By also considering the probability that beam i is used, which is denoted p(i), we get a metric that describes the expected (i.e. average) radiation pattern. Hence, if we observe the given antenna and measure an average of the radiation pattern over time and/or frequency this measurement will converge towards  if the averaging interval is large enough. 
Hence, from this it can be seen the two central entities in this formula is 
a) The statistics p(i) of the beams used in the measurement
b) The radiation pattern  of beam i. 
This implies that, in order to introduce any requirements on beam related parameters both these entities must implicitly be specified as well. We will discuss different options for this in the coming sections. 
Specifying p(i)
There is obviously an unlimited number of ways to specify p(i). We identify two candidates that are of particular interest as 
1. Use only one beam, hence p(i)=1 from some i and p(j)=0 for  .
2. Let all beams be equally likely, meaning that p(i)=1/N from all i where N is the number of possible beams.
We will discuss these different options and their implications in the following sections. 
The significant of the average radiation pattern with equally likely p(i) (or p(i) corresponding to real beam usage) is that it represents the average interference that over time might be observed in adjacent sectors. It will be the average interference, and not the instantaneous interference that would impact adjacent sector throughput.
When p(i) = 1 for a single beam only, performance of single beams is characterized.

Use only one beam 
This options means that only one beam is used, hence p(i)=1 from some i and p(j)=0 for   . This further implies that the requirement is on  corresponding to the specified beam i. Hence, if possible to specify requirements on beam related parameter for  this would constitute a potential way forward. In our accompanying contributions [1]-[2] we discuss different resulting emitted power profiles , resulting from a few different MIMO schemes commonly used in practice. The conclusion there is however that it will be challenging to introduce requirements on beam related parameters due to the, in many cases, vary complex nature of  . Hence, doing so may mandating certain implementations or otherwise affecting the system performance in a negative way. 
Assume all beams are equally likely 
This option does instead assume that all beams are equally likely meaning that p(i)=1/N from all i where N is the number of possible beams. This choice has interesting properties in particular if the existing beams constitute a grid of beams codebook since in this case the different beam patterns  in some sense, will vanish in  since the grid of beams, where all the beams are equally likely, essentially will radiate an equal amount of power in all directions from a beamforming perspective. This will in turn lead to that the average radiation pattern will depend on the radiation pattern from the antenna ports themselves rather than the actual different beam patterns . Grid of beams codebooks are commonly used. Examples of such codebooks include the LTE rel10 8TX codebook, the LTE rel13 codebooks as well as the LTE rel14 “non-advanced CSI” codebooks. Codebooks with this structure will also be included in NR.
We illustrate this with two examples below. 
Example 1
In this example we assume an antenna design as illustrated in Figure 2. As can be seen the antenna, consisting of eight cross polarized antenna elements, has been divided into two parts such that the resulting antenna uses 4 antenna ports, 2 ports per polarization. 
[image: ]
[bookmark: _Ref481521931]Figure 2. An antenna with eight cross polarized antenna elements divided into two parts such that the resulting antenna uses 4 antenna ports, 2 ports per polarization.          
If we now consider a grid of beams codebook for this antenna, and let us only consider only one polarization to simplify the example, this codebook could for instance be designed as the beamformers {[1 1], [1 j], [1 -1], [1 -j]} (which is a structure very similar to a number of codebooks in LTE). In the plots below we evaluate the expected radiation power  for two cases: 
i. p = [0.40 0.30 0.20 0.10]
ii. p = [0.25 0.25 0.25 0.25]
Hence, the first case illustrated in Figure 3 corresponds to a case where the beams in the codebook have non equal probability. As can be seen from the figure, the radiation pattern from the antenna port itself has some given characteristics, due to the way the antenna has been designed. The expected radiation pattern looks similar to this but we notice that the power is more focused in some directions which corresponds to the beamformers with higher probability.   
[image: ]
[bookmark: _Ref481522475]Figure 3. Expected radiation power for p = [0.40 0.30 0.20 0.10].
The second case is illustrated in Figure 4; here an equal probability on the different codewords is assumed. As can be seen this results in that the expected radiated power will look identical to the radiated power from the antenna ports itself. 

[image: ]
[bookmark: _Ref481522531]Figure 4.  Expected radiation power for p = [0.25 0.25 0.25 0.25].
Example 2
In this example we assume an antenna design as illustrated in Figure 5. As it can be seen the antenna, consisting of eight cross polarized antenna elements, has been divided into four parts such that the resulting antenna uses 8 antenna ports, 4 ports per polarization. 
[image: ]
[bookmark: _Ref481570545]Figure 5. An antenna with eight cross polarized antenna elements divided into four parts such that the resulting antenna uses 8 antenna ports, 4 ports per polarization.          
In Figure 6 we illustrate the radiated power from one of the antenna ports in this case. As can be seen the different parts/subarrays of the antenna have been designed to limit the amount of interference radiated around the horizon in this case. Furthermore, in Figure 7 we present the resulting expected radiation pattern from the antenna given that precoders from the LTE rel-10 8TX codebook has been applied together with the antenna. In the left case we have studied a case where the gNB has used the precoders with more or less equal probability. As can be seen this implies that the expected radiation patterns look very similar to the radiation pattern from the antenna port from Figure 6. In the right part of Figure 7 we have instead analysed a case where the gNB uses the precoders with non-equal probability. This results in that the expected radiation patterns looks quite different to the radiation pattern from the antenna port from Figure 6.
[image: ]
[bookmark: _Ref481571507]Figure 6.  Radiation power from one antenna port. 

[image: ]
[bookmark: _Ref481571510]Figure 7.  Expected radiation power for (left) the case of a fairly-uniform probability distribution on p(i) and (right) the case of a non-uniform probability distribution on p(i).

Based on the above examples we draw the following conclusion: it would, in principle, be possible to specify requirements related to the average radiated pattern without specifying . Such requirements might control average interference to neighbour cells. However, this requires that the beamformers cycle through or simultaneously transmit a grid of beams where the beams have equal probability (and hence is not applicable for more complex beamforming schemes such as SVD based). If so, the expected radiation pattern should equal the radiation pattern of the antenna ports themselves. Hence, this would in the end relate the expected radiated pattern to the antenna ports themselves. 
However, although this principle is sound in theory, there are several practical implications with it: 
· The antenna would be mandated to have the ability to cycle through a grid of beams codebook or transmit all beams simultaneously. This may be unwanted for certain antennas. 
· In our simulations above we have assumed that all antenna ports have identical radiation patterns, this is however not the case in reality where different ports may have different radiation patterns.  
· In the examples above we have used fairly-standard antenna layouts. There are however also other possible building practices where these results may not hold. 
· From a practical measurement point of view, if there are a large number of beams, considering that measurements will need to be made around a large portion of the sphere it may be necessary from a measurement time perspective to transmit all beams simultaneously (weighted according to their probabilities respectively). Not all beamforming architectures would allow this. Measuring the sphere for each possible beam could prove time consuming.
· The average pattern may be more difficult to obtain for digital beamforming systems employing more complex algorithms.
Based on these observations it seems not entirely straightforward to specify requirements on beam related parameters under the assumption that all beams are equally likely. 
Conclusions
In the light of NR WID objective and ongoing RAN4 discussions on possible new NR requirements some different alternatives for introducing beam related requirement have been discussed. We have identified two potential strategies: 
· Specify requirements on particular beams. This has however been shown to be difficult due to the complex nature of beams in practical systems.
· [bookmark: _GoBack]Relate the radiation pattern from an antenna port to the average radiation pattern from the antenna array. Also this appears to be not straightforward in practice. 
Thus, the 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
We have modeled the individual antenna elements as given in 3GPP TR 36.873 where the vertical (zenith) antenna radiation pattern is described by the following equation expressed in dB:

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

and the combined pattern is given from 
.
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