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1 Introduction
In RAN4#74bis the definition of AAS-ETAC was approved to describe a MIMO/Tx diversity layer [1].  The exact method of using the number of AAS_ETAC to place a requirement on the AAS was not agreed, the options were listed in the WF [2].

· How to deal with AAS basestations with multiple configurations involving different number of AAS-ETAC (e.g. a basestation supporting 8 layer, 4 layer or 2 layer in different configurations).

· Three potential solutions were discussed at RAN4#74bis:

· Base the requirement on the basestation “capability” (i.e. maximum configurable number of AAS-ETAC

· Base the requirement on the most stringent condition (i.e. lowest configurable number of AAS-ETAC

· Set the requirement for each configuration according to the number of AAS-ETAC in the configuration. For conformance test, two options were discussed:
· Option 1: Test one representative configuration for configurations with the same number of AAS-ETAC for every different number of AAS-ETAC (e.g. once configuration for 2 layers, one configuration for 4 layers, …).Option 2: Test the configuration with the maximum number of AAS-ETAC with the most stringent requirement for any possible configuration as a means for demonstrating compliance.
· No solution was agreed; one of these three should be adopted or another alternative proposed.

In [3] the issue of equivalence with a non –AAS system was discussed. In this contribution the effect of having a more strict requirement than necessary n the AAS is investigated.
2 Discussion

2.1 Non-AAS Unwanted emissions requirements

The Unwanted Emissions requirements in 36.104 are divided into 4 main sub sections;
· Occupied bandwidth

· Adjacent channel leakage power

· Operating band Unwanted emissions 

· Transmitter spurious emissions (or out of band emissions)

Each of these will be briefly discussed to see the effect of making the requirement more strict.

2.1.1 Occupied Bandwidth

This requirement checks that the bandwidth of the signal is contained. The requirement on power is as a percentage (β/2= 0.5%). Hence this requirement is relative to the output power, it can be applied to each Transmitter unit or the total transmitter power. The number of AAS-ETAC does not effect this requirement.
2.1.2 ACLR

The ACLR requirement has a limit of 45dBc or -13dBm/MHz (for wide area BS) whichever is less stringent. 

For a 5MHz channel BW the 45dBc requirement will be dominant as long as the output power is above 39dBm or 8W. It is perhaps unlikely that a wide area BS will have less power than this.
The relative requirement of 45dBc obviously scales with output power. Once the output power is known, then the relative requirement can be used to find an absolute level and this is compared to the absolute limit.

It has been discussed in [3] how the output power in the non-AAS case is the output power of a non-AAS transmitter at the antenna connector (PRAT)  and that  The equivalent power in the AAS should perhaps be the Ptotal / NAAS-ETAC. 
To correctly identify the cross over between the relative and the absolute limits for the AAS the approach should be to apply the requirement per AAS-ETAC (or scale by the number of AAS_ETAC). 

In most cases the relative limit is the less stringent of the relative and the absolute limit, the number of AAS_ETAC used to form the requirement (option 1 to 3) does not impact the design in the case of the relative limit. Hence for the ACLR requirement the means of setting the requirement (option 1 to 3) does not greatly affect the cost or difficulty of the design.

2.1.3 Operating Band Unwanted emissions

Operating band unwanted emissions are requirements based up 10MHz either side of the operating band. They are graduated based on the channel bandwidth used and distance from the carrier.
The requirements are given in absolute values. The measurement BW of each and the actual requirement varying depending on the distance from the carrier, the carrier bandwidth, the band of operation, the BS class and the classification category.

An example is given below:

Table 6.6.3.1-3: Wide Area BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth (E-UTRA bands <1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 5)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
	[image: image1.wmf]dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

05

.

0

_

5

7

7


	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 7)
	100 kHz 

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/100kHz.

NOTE 2:
For BS supporting multi-band operation with inter RF bandwidth gap < 20MHz the minimum requirement within the inter RF bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the inter RF bandwidth gap.


If it is assumed that the source of the unwanted emission is from the transmitter non-linearity’s then the ALCR requirement will (in most cases) be harder to meet than the operating band unwanted emissions requirement. 
For example a ACLR of 45dBc with a wanted power of 50W (47dBm) with a 5MHz channel has a adjacent channel power level of 2dBm in 5MHz and -15dBm in 100kHz. Hence by meeting the ACLR requirement the unwanted emissions requirement will be met.  If narrow band spurious emissions exist however it is possible that it may pass the ACLR requirement, but fail the operating band unwanted emission limit. For example a 0dBm CW spurious emission in the adjacent channel could pass the 45dBc ACLR requirement but would clearly fail the operating band unwanted emissions limit.
The operating band unwanted emission requirement is an absolute limit so it will scale with the number of AAS_ETAC declared ,  hence the means of calculating the number of AAS_ETAC applied to the system will directly effect the difficulty of meeting this requirement.

However as the type of emissions which will be managed by this requirement are narrow band emissions in the operating band, they will likely be subject to the same gain as the wanted signal and are likely to scale in level with the wanted signal. Hence will not become significantly more difficult to meet as the number of transceivers increases but may become difficult as the total output power increases. This is of course the same case in the Non-AAS systems, the higher the output power the greater the difference between the absolute unwanted emission requirement and the output power. The AAS in this respect offers no additional challenges.

2.1.4 Transmitter spurious emissions

The transmitter spurious emissions requirement (in 36.104) covers the range 9kHz to 12.75GHz excluding 10MHz either side of the wanted band. The requirement in its simplest form is a flat level with a varying measurement BW as the frequency increases.

The requirement also includes protection of BS receivers in both your own band and other bands. The level of this protection varies depending on if the BS class and if the BS is intended for use in the same geographical area as other bands or co-location with other bands.

The most difficult requirements are for wide area BS, protection of your own receive band -96dBm (100KHz), and co-location protection of the GSM BS, -98dBm (100KHz).

Out of band spurious emissions may occur from a number of sources;

Harmonics of the wanted frequency, these are likely to scale with the output power of each transmitter, hence the difficulty in controlling the level is related to total power more than number of transmitter units.
Harmonics of clocks and data lines; These may be unrelated to the wanted frequency and the gain of the transmit path may not be the primary contributor to their level. Hence there is a risk that these type of spurious emissions may scale with the number of transmitter units rather than the total output power. If that was to coincide with a receive band with a strict emission requirement then this may cause difficulty for an AAS system.

Noise and transmitter non-linearity; The protection of your own receive band is one of the hardest requirements to meet as it is often the closest if frequency to your transmitter and has the lowest emissions requirement. The transmitter noise floor and/or the transmitter ACLR level can be assumed to be the same in the receive band as they are in the transmit band and hence the difference between the 2 requirements must be met by filtering the output of the transmitter. In all cases the transmitter noise is higher than thermal noise. It is the result of a number of sources, transmitter non-linearity, reciprocal missing of the LO phase noise, amplified converter noise, etc.. In all cases it can be said that the level of the noise is perhaps dependent on the transmitter gain and also its output power, so once again the requirement becomes more difficult as the total output power increases and not as the number of transmitters increases (assuming total output power is the same).
One issue which has been highlighted in the past is that the receiver noise requirement is only 28dB higher than the thermal noise floor. To achieve a reasonable measurement of this noise power some margin is required (assume 10dB is reasonable), hence as the number of transceiver units increases the receive band noise requirement represents an absolute maximum, the number of transmitters is over ≈60 it will become more difficult to measure the required power level in the receive band.
This is perhaps not an issue in the current AAS requirement, although there is no maximum number of transceiver units in the specification the fact that a connector is required on each on will act as somewhat of a practical limit. Systems which requires >60 transceiver units would also be likely to require a fully OTA set of requirements at some time in the future, this is of course outside the scope of this WI.
Hence for a number of transmitter units which can be expected within the scope of this WI and associated specification (approx <60). The receiver band noise is also likely to scale with the total output power of the system rather than the number of transmitter units.

Note: This it is not intended to impose this as a restriction on the specification.

2.1.5 Summary

A brief summary of each of unwanted emissions requirements and their difficult with respect scaling of AAS is given below:

	Requirement
	Comment

	Occupied Bandwidth
	Relative requirement not dependent on number of AAS-ETAC

	ACLR
	Systems over 8W then relative requirement not dependent on number of AAS-ETAC

	Operating band unwanted emissions
	Absolute requirement will be effected by number of AA_ETAC. However scales with total power rather than number of transmitter units

	Transmitter spurious emissions
	Absolute requirement will be effected by number of AA_ETAC. However scales with total power rather than number of transmitter units (If number of Tx units approx <60


It can be seen that the relative requirement difficulty does not change with either the total power the number of  AAS_ETAC or the number of TRX units. 
The absolute limits difficulty  in most cases scales with the total output power and not with the number of TRX units. Hence the number of AAS_ETAC which are used for the unwanted have some effect on the difficulty of the requirement. The relative difficulty will be dependent on the rated power (PRAT) defined in [1] where;
PRAT – Maximum Power divided by Number of AAS-ETAC

Clearly the fewer the number of AAS_ETAC in the declaration the higher the PRAT and hence the absolute spurious emissions requirements become more difficult.
2.2 AAS Implementation
AAS implementations may range from integrated systems which have only a single transceiver unit per AAS_ETAC, to systems where there are multiple transmitter units per AAS_ETAC.

It has been assumed to this point in simulations that the total transmit power from the AAS to cover a certain geographical area will be similar to that of a non-AAS system. Hence using the same assumption, as long as the total power stays constant it is likely that as the number of transmitter units per AAS_ETAC increases, the maximum power of each transmitter unit will decrease or least stay constant.

As the number of transmitter units increases and the power of each transmitter unit reduces (or stays the same) it is inevitable that the cost and the size of each transmitter unit should fall (in order to make AAS a reality cost cannot scale with number of transceiver units). It is hence very important that the requirements on the antenna filter and in particular the Tx to Rx isolation do not become unachievable.
The difference between applying option 1 in the WF [2] which for an AAS capable of supporting 8 AAS-ETACs (per channel/band/cell) and option 2 is 6dB (option 2 would result in the requirement applying to 2 AAS-ETAC).

6dB more isolation between Tx and Rx is a considerable amount and may affect the choices available for implementation.

In addition the number of transmitter chains feasible before the receiver band noise limit starts to apply is 4 times lower. So the current estimate of approx 60 transmitter units becomes closer to 15. Whilst it is perhaps acceptable to imagine the AAS spec including connectorised measurements will not be used for a system with 60+ connectors, it is entirely feasible that a system with 15 or more may be required. 
3 Summary
The transmitter unwanted emissions requirements have been examined and their relative difficulty for an AAS system has been discussed with reference to the total output power of the system and the number of transmitter units in the system.

It has been seen that most reasonable interpretations of the requirements result in requirements not becoming any more difficult as the number of transmitter units increases however the absolute requirements increase in difficulty as the total output power is increased. This is consistent with non-AAS implementation.
The effect of this on possible AAS implementations has been briefly discussed and the effect of the using the more stringent interpretation of the number of AAS_ETACs for requirement setting is seen with the risk that over specifying the UEM (by using a more stringent number of AAS_ETAC) may have a detrimental effect on the implementation of the AAS.
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