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1 Introduction
In RAN4#80 a way forward on NR BS RF parameters [1] was approved in which the following agreement on the output power requirements was captured:
Further investigate options:


· TRP only

· EIRP (in the main beam) only

· Both TRP and EIRP (in the main beam)
These options whilst essentially not narrowing down the selection greatly do offer a means to focus the discussion. 
2 Discussion

TRP is sometimes considered difficult to measure where as EIRP requires only a single measurement in 1 direction and hence appears easier to measure.

TRP however can be derived from a series of EIRP measurements.


TRP = EIRP- GANT
If the gain of the antenna array is known then by making a single EIRP measurement, you also know TRP.
An EIRP requirement where the peak direction is not know, or where it is required to measure the EIRP in all direction requires the same amount of information as to estimate TRP.

As it seems likely that for OTA requirements the beam shape will be required then in reality it does not matter if EIRP or TRP is specified as if 2 of the 3 variables are know the other can be derived. 

However it makes sense to use the metric that makes most sense for each of the specification parameters. 

2.1 Purpose of Output power requirements

The output power requirements and declarations are used for a number of things:

1. Power accuracy:  the only real requirement placed on output power (non-AAS) is that it is within ±2dB (±2.5dB extreme) of the declared (rated) value.
2. BS classification: the rated output power does not define the BS class, the BS class is declared. However one declared the BS class places a restriction on the maximum rated power allowable.

3. Reference condition: The BS is generally tested under worst case conditions, in most cases this is the maximum power condition (particularly important for EVM, ALCR, spurious emission, etc). The maximum power condition must therefore be known so that it can be used when testing the other requirements. 
2.2 Existing Non-AAS and AAS output power requirements
2.2.1 Non-AAS

The existing non-AAS systems have only conducted requirements which in most cases apply to a single antenna connector. As such this is equivalent to a total power requirement. However the antenna (and cabling etc..) form part of the final system and although not covered by 3GPP specifications it is of course necessary to know details on them when deploying a BS. So in reality the antenna gain information as well as the total power information provided by the BS specification means that EIRP is effectively known by adding the antenna gain to the BS output power.

In co-existence simulations which are used to derive many of the other RF requirements assumptions are of course made about antenna parameters, so whilst there are no explicit EIRP requirements in the non-AAS specifications many of the requirements are based on EIRP assumptions.

2.2.2 AAS (Rel 13)

In AAS (REL13) the conducted requirement remains – although it is applied to the Transceiver Array Boundary (TAB) connector rather than the antenna connector. In addition a radiated requirement has been added which is in the form of EIRP in a declared set of directions. 
The power accuracy requirement is applied at the conducted interface and also at the radiated interface.

There are two observations about the radiated power requirement:
1. The EIRP accuracy is defined at the centre of the main beam, and must hold whatever the steering direction of the beam. The range of directions (or directions set) are declared for each beam. However it is accepted that as beams are steered the EIRP varies due to a number of known factors (element pattern, grating lobes, etc). This change in EIRP is a known effect and if included in the EIRP accuracy requirement would mean the requirement was so wide that it would be meaningless (beams are certainly useful as they are steered to the 3dB points of the elements pattern so EIRP would be expected to vary by at least 3dB as beams are steered to extremes). It is also not desirable to have huge sets of data declared for the 3GPP conformance, so detailed EIRP information on all beams steering direction is not part of the declarations. The solution was to have the core requirement cover all direction in the direction set but to have conformance shown at only the beam steering extremes and at the set points the EIRP would be declared.
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Figure 1: Examples of AAS BS beam declarations depicted in a directions diagram
Figure 1 shows some example of beam declaration direction sets and the associated conformance directions. More information can be found in [2].
2. The second issue is the accuracy value attributed to the radiated requirement. This was a very difficult value to get agreement on. In REL13 AAS as the conducted requirement (per TAB connector) was the same as the non-AAS requirement (i.e. ±2dB) this was a major contributor to the final radiated accuracy value. A number of methodologies were discussed: estimating non-AAS radiated accuracy, predicting a reasonable AAS radiated accuracy and network simulation to identify the effect of EIRP accuracy on network performance. None of these methods or the results from them were wholly accepted and the eventual compromise between the contributing companies was the resulting requirement being ±2.2dB. Again the more information can be found in [2].

The BS classification power limit for AAS was placed on the total conducted power, with a scaling factor applied to account for the AAS being equivalent to a number of non-AAS transmitters (e.g. 1 AAS may be equivalent to an 8 way MIMO non-AAS system).

The maximum output power reference condition for conducted tests was based on maximum conducted output power.

The maximum output power reference condition was also needed for the EIS test (i.e. when the receiver sensitivity is tested it is done with the transmitter on). This was problematic as the EIRP beam declarations are not linked to the conducted output power declaration in any way. So specifying a maximum EIRP is not guaranteed the same as specifying maximum conducted output power. However as the only radiated information is EIRP, the maximum EIRP condition was used. It is likely that this will be revisited in the all OTA AAS work.

2.3 TRP and EIRP in NR
2.3.1 Coverage

EIRP better describe the coverage or range of the system in a fixed direction, however EIRP only offers spatial gain in one direction. If coverage is required over an area (rather than a specific direction) then the total power is more useful. Of course if user level beam steering is used then the spatial coverage is achieved by steering the beam in the required direction and the EIRP is optimized by using a narrow beam. 

In AAS no user beam forming is used for beams which carry cell level signaling, such as broadcast channels, in this case the coverage is better represented by total power.

In NR, particularly at high frequencies, it is not yet clear if all coverage will be provided by beam forming or if there will be some cell level broadcast?  It is hence difficult to come to a conclusion on the appropriateness of TRP based on the coverage argument
2.3.2 Co-channel interference
Whilst co-channel interference at the UE is not a requirement for the BS, it is worth noting that when investigating setting of EVM the co-channel interference from other BS plays a key part in the simulations. 

If all BS in the network use user specific beam forming then it can be argued that the interference will be reduced, and this may be true, however as the placement of UE’s in such simulations is random, the probability of receiving power from an adjacent BS is dependent on the total power radiated by the aggressor as much as the instantaneous EIRP. Narrow beam, high EIRP reduces changes of interference but increases the effect when it occurs but higher TRP affects the whole network.

This is of course complex and to get good answers a set of simulation parameters would need to be agreed and simulations carried out. However it is probably safe to say that for such simulations TRP is a required input, EIRP alone is not sufficient. 

2.3.3 BS classification

As has been stated output power does not define the BS class but there is an output power restriction placed upon the BS due to the declared class. Currently this is conducted output power so a literal translation of this requirement is to use TRP.
BS class power limits only exist for the smaller BS classes (medium, local and home), they are based on the assumption that the cells are smaller and BS are located closer to the UE’s so:

· Less power is needed to reach cell edges as they are smaller.

· Co-channel interference between the smaller cells is managed by limiting total power.

· Higher Adjacent channel interference is managed also by limiting output power.

As has been discussed it is not clear if these bullets are more affected by the system TRP or EIRP, however once this is know it should be clear if the classification power limit should be based on TRP or EIRP.
Observation 1: It is not clear if TRP or EIRP should be used for the maximum output power restriction for the BS class.

2.3.4 Power accuracy

Some simulation work was done in AAS [5], [6] to identify the effect of power accuracy on network performance. The conclusions were not agreed by all, however it seems clear that the power accuracy affects the throughput which is based on the communication between the BS and the UE and is hence a function of the EIRP. For this reason the EIRP accuracy was specified at the centre of the main beam for AAS. It seems likely that a similar requirement will be necessary for NR.

Accuracy of the TRP is not so relevant as the TRP could remain constant but the beam coherence could vary causing EIRP accuracy to be very poor and hence throughput would be negatively affected.

Observation 2: EIRP is the most suitable metric for power accuracy.

2.3.5 Reference power

It is clear that for transmitter requirements (and tests)  which are strongly affected by non-linearity’s in the transmitter hardware and in particular the PA, that the worst case occurs when the transmitters are operating at maximum output power.
For the conducted system where there is a single test point (antenna connector) for each PA, this scenario obviously corresponds to the total conducted power.

In an AAS it is feasible a beam may not have a beam specified which uses all transmitters at full power. For example beam tapering is often used to reduce side lobe levels in antenna design, such tapering results in transmitters feeding antenna elements at the edge of the array using less power.  Following from this it may be that not all transmitters in the array are identical. Those in the centre of the array may be higher power deign than those at the edges. It is also entirely plausible that the system may be deigned to have all PA’s on at full power at the same time and hence the power supply, thermal design etc are not designed to operate in such a condition.

Listing all possible array architectures is not the purpose of this paper, however it seems clear that a maximum output power condition described OTA for and AAS type system is not as straight forward as it is for a conducted system. 

The maximum power condition should be something which can be applied to all reasonable implementations and also should be a condition that is testable so it is known when the BS is in that condition. A simple turn all PA’s on max is not suitable.

So if the reference maximum power condition is to be OTA then is an EIRP or a TRP requirement more suitable.
As simple example can be used:

A 4x10 array with a simulated wide beam in azimuth (using a quadratic phase distribution) and a standard narrow beam with no steering in elevation, has a directivity of 19.9dBi
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Assuming each Tx has a output power  of 1W and is operating at full power this has an EIRP of 

EIRP = 30 + 10*log10(40) + 19.9 = 65.92dBm

If the same system is operated with a narrow beam, it has a directivity of 24.65dBi.
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So to achieve the same EIRP as the wide beam the transmitters need only operate at

P = 30dBm – (24.65 – 19.9) = 25.25dBm or 0.33W

This result is pretty obvious, however it clearly shows that EIRP alone is not a suitable metric to identify the maximum reference power condition.

In order to distinguish between the 2 cases it is necessary to know the beam shape, and as has previously been discussed, if the EIRP and the beam shape is known then this is the same as the TRP, which is in fact the information which is really needed.

Observation 3: for the reference maximum power case TRP is a more suitable metric.
3 Summary
This paper has investigated the BS output power requirements and its applicability to OTA requirements and in particular NR.
There are a number of parameters for which it is still not clear if TRP or EIRP is a more suitable metric, many of these parameters are not core requirements but information which is used when developing the core requirements, such as EVM, and ACLR. However these requirements are developed using simulation of networks using agreed parameters, and in this case it is likely one of the power metrics and the beam shape is defined so the difference between the 2 is perhaps moot.
Related to this issue the only core parameter for which it is not clear of TRP or EIRP is a more suitable metric is the upper power limit related to BS class.

Observation 1: It is not clear if TRP or EIRP should be used for the maximum output power restriction for the BS class.

However for the other 2 purposes of the BS power requirement it is clear which metric is suitable.

Observation 2: EIRP is the most suitable metric for power accuracy.

Observation 3: for the reference maximum power case TRP is a more suitable metric.
So despite there being an open issue on the correct metric for the power class maximum power, the other 2 observations show that both EIRP and TRP power requirements are needed for NR.

Proposal: Both TRP and EIRP power metrics will be required.

4 References
[1] R4-166710
WF on NR BS RF requirements
Huawei
[2] 3GPP TR 37.842

[3] R4-166430
Discussion on EVM in the main lobe
Huawei

[4] 3GPP TR 36.942

[5] R4-150932, Analysis of EIRP accuracy on system throughput, Huawei.
[6] R4-142118, On the impact of EIRP accuracy to network performance, Ericsson.
