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1. Introduction
The new study item on NR was started a few meetings ago [1]. mmWave RF requirements were discussed in previous meetings. In [2] it was pointed out that the sensitivity requirement will become equivalent isotropic sensitivity (EIS). In this paper we discuss how EIS could be determined.
2. Discussion
A summary of the RF requirements needed for mmWave was presented in [2]. Sensitivity is a fundamental receiver requirement, for mmWave devices that use antenna arrays, this will become EIS. In order to determine the actual value, RAN4 will have to agree some assumptions. In this paper we discuss some of these assumptions. It should be noted that from a system deployment/operation point of view only the final EIS value is important and not how this is achieved. Several design flexibility and tradeoffs should be allowed. 
The equation used in LTE to determine the reference sensitivity is shown below as a reference.

PREFSENS (dBm) = Nt + 10*log10(BW) + NF + SNR + IM – 3 (diversity gain) + band dependent relaxation 

where
· Nt (thermal noise) = -174 dBm/Hz

· NF(noise figure) = 9 dB

· IM (implementation margin) = 2,3,4 dB (for QPSK,16QAM,64QAM) [ref: R4-081227]

· Additional relaxations of 1, 2 and 3 dB for duplexer distance / band gap > 1.5, 2 and 4, respectively [ref: R4-080125]

· SNR for QPSK 1/3 = -1 dB to get 95% of peak tput
Since LTE uses conducted measurements, the REFSENS above is defined at the antenna connector. It should be noted that since most of the terms in the above equation are fixed (have little dependency to implementation of RF circuit), the REFSENS test is used to evaluate the NF of the device.
For mmWave, since testing will be OTA, the definition of EIS has to be modified accordingly and different aspects have to be considered. The device will be in its casing during the test and an antenna array will be used. As a baseline equation we propose the following:
PEIS (dBm)=Nt + 10log10(BW) + NF + SNR + Other losses+ margin - array gain + beam pointing loss – diversity gain  (Eq. 1)
where:

· Nt (thermal noise) = -174 dBm/Hz
· NF – noise figure of the conducted path

· Other losses = losses due to phone casing, etc.
Some of the terms from the above equation will be discussed in more detail below. In order to determine the received power (PEIS), a reference point where this power is measured will have to be agreed on. This is shown in Figure 1. 
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Figure 1. EIS reference point                      


    
Figure 2. RF chain front end

Noise Figure

Noise figure was briefly discussed in previous meetings but no clear definition was given. Based on the equation above we propose to assume the noise figure as the noise figure of one of the conducted paths after the dotted red line in Figure 2. This noise figure is defined to include all the receiver circuit after the antenna. 

Other losses

During the EIS test, the device will be in its own casing, this adds some insertion loss that has to be accounted for. The exact value will depend on the material used for the device, it should be further discussed what value is to be considered.

Depending on the measurement setup and device size, the path loss from the transmit antenna to the edges of the device could be larger compared to the path loss from the transmit antenna to the reference point. It should be further discussed if this difference has to be accounted for and how.
Array gain

The array gain includes the antenna element gain. It should be noted that this is the gain in the direction in which EIS is measured. The array gain will vary depending on direction so EIS will also have different values in different directions. Hence, this term will influence the overall EIS value range. The array gain includes the antenna efficiency and antenna feed loss.
RAN4 will need to agree on some basic assumptions on the device antenna system to determine an appropriate value.

Beam pointing loss
The beam pointing loss should account for inaccuracies in the selection of the Rx beam. In mmWave systems that use multiple beams, the UE will have to find a pair of Tx-Rx beams that is optimal (e.g. leads to highest SNR in a clean channel). Even if the Tx beam is fixed, the UE will still have to measure multiple candidate Rx beams to find the most suitable one. This process will be affected by noise and the UE may not always select the best Rx beam. If a RRM requirement for beam pointing accuracy will be defined, it could be referenced in the definition of EIS. 
The level of accuracy has to be further discussed also considering the test setup, to what degree the Rx beam setting can be controlled. 

Diversity gain
Depending on the baseline receiver configuration assumption (whether 2Rx or 1Rx is the baseline), diversity gain may have to be accounted for. The achievable gain has to consider the transmission mode, practical antenna isolation/correlation in the test setup, etc. Simply assuming a 3dB gain that can be achieved in conducted tests where the isolation between antennas is very good may have to be reconsidered.
2.1. EIS definition
The requirement that will be defined in the specifications can be derived based on (1), however, how the requirement is defined still needs further discussion. One of the main issues is related to the solid angle coverage (spatial coverage or sphere coverage). The array gain will vary depending on the direction and it is not feasible to design a practical antenna system that has constant gain in all directions. In order to guarantee a minimum level of system performance, a maximum level of EIS (maximum in dBm) should be met over the entire sphere (in any direction) or over a high percentage of the sphere (e.g. 90%). 
Several options for defining the spherical coverage could be further considered. As stated above, one option would be to define a maximum level that has to be met over the entire sphere. This could be the level in the direction that has the lowest gain where the EIS would be lower value in other directions. Another option would be to define a maximum level that has to be met over a high percentage of the sphere (e.g. 90%). If the percentage is high enough, a minimum level of system performance is still guaranteed since the probability that the incoming waves would constantly reach the UE from a direction with low antenna gain would be small. This approach would allow for some “blind spots” or a longer tail of the antenna gain distribution. The drawbacks of such an approach are that it will be difficult to determine the exact percentage and testing will likely be more complicated since the number of directions tested will depend on the percentage.
The options above could be augmented by adding some other requirement (e.g. an average value or median value or maximum value) that would put some limitations on the EIS spatial distribution or would guarantee a certain level of best performance. However, these requirements should be designed carefully so that no unnecessary design constraints are put on the UE antenna system.
3. Conclusion
In this paper we discussed the definition of EIS. We presented a baseline equation that can be used to derive the requirements as follows:

PEIS (dBm)= Nt + 10log10(BW) + NF + SNR + Other losses + margin - array gain + antenna efficiency loss + beam pointing loss – diversity gain
The definition in terms of solid angle coverage (spherical coverage) should be further discussed, however, we believe that the requirement should at least cover a large part of the sphere (e.g. 90%) in order to guarantee a minimum level of system performance.
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