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1 Introduction
The MU values for the OTA emissions have not yet been agreed, and whilst it has been agreed that TT should not be finalized until the MU are known the WI is due to close in this meeting and hence it is important that both issues are discussed in parallel.

Whilst the exact values of MU are not yet agreed it is clear that they will be larger than the equivalent conducted MU and hence a decision must be made on how to translate this information to an appropriate TT value.
A similar discussion is being had for the Rx directional requirements where the MU have been agreed but the TT are not yet agreed. In this case it has been agreed that:


Conducted TT ≦ OTA TT ≦ Conducted TT + (OTA MU - Conducted MU)
The same issue is inevitable for the emissions limits so this is further discussed in this contribution.
2 Discussion

The current status of the emissions requirements is as follows:

	Requirement
	Unit
	Conducted MU
	Conducted TT
	OTA MU
	OTA TT

	
	
	Ref: 36.141 subclause 4.1.2.2
	Ref: 36.141, annex G2
	Ref: 37.145-2 subclause 4.1.2.3
	Ref: 37.145-2, annex C3

	Name
	AAS clause
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz

	
	cond
	OTA
	
	AAS
	AAS
	E-UTRA
	AAS
	AAS
	E-UTRA
	AAS
	AAS
	AAS
	AAS
	AAS
	AAS

	Transmit ON/OFF power
	6.4
	6.5
	dB
	2
	2.5
	3
	2
	2.5
	x
	
	
	x
	
	
	

	ACLR
	6.6.3
	6.7.3
	
	
	
	
	

	ACLR / CACLR (relative), BW≤20MHz
	
	
	dB
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	
	
	x
	
	
	x

	ACLR / CACLR (relative), BW>20MHz
	
	
	dB
	x
	x
	x
	x
	x
	x
	
	
	x
	
	
	x

	ACLR / CACLR (absolute)
	
	
	dB
	2.0
	2.5
	3.0
	0
	
	
	x
	
	
	x

	Spectrum emissions mask
	6.6.4
	6.7.4
	dB
	
	
	
	
	
	
	
	
	x
	
	
	x


	Operating band unwanted emissions
	6.6.5
	6.7.5
	dB
	1.5
	1.8
	2.2
	
	
	

	 close to carrier (e.g. <10MHz)
	
	
	
	
	
	
	1.5
	1.8
	x
	
	
	x
	
	
	x

	 far from carrier (e.g. ≥10MHz)
	
	
	
	
	
	
	0
	0
	x
	
	
	x
	
	
	x

	Transmitter spurious emissions, Mandatory Requirements
	6.6.6
	6.7.6.2
	dB
	
	
	
	

	30 MHz ≤ f ≤ 4 GHz
	
	
	
	2.0
	0
	
	
	x
	
	
	x

	4 GHz < f ≤ 19 GHz
	
	
	
	4.0
	
	
	
	x
	
	
	x

	19 GHz < f ≤ 26 GHz
	
	
	
	x
	x
	x
	
	
	
	x
	
	
	x

	Transmitter spurious emissions, Protection of BS receiver
	
	6.7.6.3
	dB
	3.0
	0
	
	
	x
	
	
	x

	Transmitter spurious emissions, Additional spurious emission requirements
	
	6.7.6.4
	dB
	
	
	
	

	> -60dBm, f ≤ 3.0GHz
	
	
	
	2.0
	0
	
	
	x
	
	
	x

	> -60dBm, 3.0GHz < f ≤ 4.2GHz
	
	
	
	2.5
	
	
	
	x
	
	
	x

	> -60dBm, 4.2GHz < f ≤ 6.0GHz
	
	
	
	3.0
	
	
	
	x
	
	
	x

	> -60dBm, 6.0GHz < f ≤ 26.0GHz
	
	
	
	x
	x
	x
	
	
	
	x
	
	
	x

	≤ -60dBm, f ≤ 3.0GHz
	
	
	
	3.0
	
	
	
	x
	
	
	x

	≤ -60dBm, 3.0GHz < f ≤ 4.2GHz
	
	
	
	3.5
	
	
	
	x
	
	
	x

	≤ -60dBm, 4.2GHz < f ≤ 6.0GHz
	
	
	
	4.0
	
	
	
	x
	
	
	x

	≤ -60dBm, 6.0GHz < f ≤ 26.0GHz
	
	
	
	x
	x
	x
	
	
	
	x
	
	
	x

	Transmitter spurious emissions, Co-location
	
	6.7.6.5
	
	3.0
	0
	
	
	x
	
	
	x


In many case the TT = 0 dB despite the MU being significant, the exceptions being:

· TX OFF power

· ACLR / CACLR (relative), 
· Operating band unwanted emissions,  close to carrier (e.g. <10MHz)
In each of these examples the TT=MU

Looking at the 2 cases in turn:
2.1 TT = MU

When TT = MU then the testing process effectively never fails a good device but there is a risk that it may pass a bad device. 

As discussed in [xx], this is a different issue for m the shared risk principle which only deals with the measurement result compared to the test requirement (TT is used to modify the test requirement from the core requirement). 

For the Tx emissions requirements where TT = MU, 

· TX OFF power

· ACLR / CACLR (relative), 
· Operating band unwanted emissions,  close to carrier (e.g. <10MHz)
In the case of ACLR/CACLR and operating band UEM close to the carrier these requirements are based on the results of co-existence simulation done by RAN4 and consider the interference between adjacent carriers within the 3GPP band. The analysis are statistical in nature and consider implementation complexity as well as network performance.
As these requirement are controlled by RAN4 it is reasonable the risk of both false pass and false fail are both to the 3GPP system and hence it is reasonable that RAN4 can make the decision as to the best way to attribute the risk hence it is reasonable that the TT can be set to favour never failing a good device.

 For TX OFF power whilst the level is not found by simulation it also considerers interaction between co-existing systems in the same band and as such the value is also set by RAN4 so the same decision on the TT value is acceptable.
As discussed in [xx] setting the TT value attributes risk between a false pass and a false failure, setting TT=MU means there is <95% change of a false failure. 

Setting the TT based on the difference between the conducted MU and the OTA MU has no statistical relevance and would set an arbitrary distribution of risk based on the absolute MU value and the difference between the conducted and OTA.  

Considering that for conducted the approach is to never fail a good device (95%) , it seems reasonable that the same approach is used for OTA

Proposal 1: For TX OFF power, ACLR / CACLR (relative) and Operating band unwanted emissions,  close to carrier (e.g. <10MHz) TT =MU

2.2 TT = 0

Once again this issue is discussed in [xx]. When TT = 0 then there is an equal risk of a false pass and a false failure based on the MU. If MU increases then the risk of the error being larger is increased but remains shared.

· ACLR / CACLR (absolute)
· Operating band unwanted emissions far from carrier (e.g. ≥10MHz)
· Transmitter spurious emissions, Mandatory Requirements
· Transmitter spurious emissions, Protection of BS receiver
· Transmitter spurious emissions, Additional spurious emission requirements
· Transmitter spurious emissions, Co-location
All of these requirements are based on measurement of absolute power.

The 1st 3 requirements: ACLR / CACLR (absolute), Operating band unwanted emissions far from carrier (e.g. ≥10MHz), and Transmitter spurious emissions, Mandatory Requirements. Are all based on the CAT A and CAT B regulatory requirements.

The last 3 requirements: Transmitter spurious emissions, Protection of BS receiver, Additional spurious emission requirements and Co-location are tougher than the regulatory requirements and are set to protect specific declared bands under specific circumstances

2.2.1 Regulatory requirements
The current approach of using shared risk for the MU and a TT=0 means the test requirement is the same as the core requirement and errors due to the MU are equally likely to be false pass or false failure.   

To increase the TT based on the difference between the conducted and the OTA MU would change the risk such that a false fail was a lower probability. The change in probability will depend on the absolute level of the MU and the difference between the conducted and the OTA MU values. 
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For the requirements based on regulation the risk is shared between victim systems outside 3GPP and 3GPP. The principle of shared risk ensures that risk is equal between the two, the additional risk due to the larger OTA MU should also be shared. This is only the case of the TT=0dB as for the conducted requirements.
Proposal 2: For ACLR / CACLR (absolute), Operating band unwanted emissions far from carrier (e.g. ≥10MHz), and Transmitter spurious emissions, Mandatory Requirements MU = 0dB

2.2.2 Declared requirements
The spurious emissions requirements
Protection of BS receiver
Additional spurious emission requirements
Co-location
Are based on protecting the receivers of other 3GPP BS under various different conditions. 

Protection of own or other BS receiver is slightly different for OTA systems as your own receiver is protected by the sensitivity requirement (as  with OTA testing it is not possible to separate Tx and Rx in the same way it is for conducted testing). Protection of other receiver is a co-location requirement but for the same RX band as the receiver under test. The additional co-existence requirements are based on protecting receivers (both BS and UE) which are operating in the same geographical area.

The output levels for each of these requirements is based on the performance of the 3GPP receivers and the co-existence or co-location scenarios devised by RAN4. As such the risk of a false pass or a false failure are both on 3GPP systems and it is reasonable for RAN4 to decide the TT value.

For conducted requirements these 3GPP emissions requirements are all measured in the same way as the mandatory requirements although different MU values are used depending on the frequency and the power level of the requirement. These requirements also have been given a zero TT value.

There are some notable differences when considering the OTA measurements:

· Additional co-existence requirements are TRP and are on the edge of the lowest possible power at which TRP can be accurately measured.

· TRP measurements are time consuming and maintaining a low systematic error is difficult without excessive test times.

· Co-location requirements are done using the output of a co-location test antenna and are very close to the noise floor of the measurement equipment, so noise addition methods are required.

In all these cases it becomes very difficult to measure a value lower than the test requirement level, hence the distribution of risk  is not necessarily even between a false failure and a false pass, it is much more likely to record a false failure.
As these requirements are all based on inference between 3GPP receivers and the power levels are based on very minimal interference levels  i.e.
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The effect of the interferer only increases the victim noise floor by 0.7dB

Considering that the sensitivity of the victim receiver is also a 3GPP parameter with an MU (and TT) of 1.3/1.4dB (<3GHz/3 to 4.2GHz). 
For example if the MU is 3dB 
	Interferer
	Interferer at victim input
	Interferer BW corrected
	Victim RX NF
	Victim Rx noise floor
	Total noise
	Desens

	dBm
	dBm
	dBm
	dB
	dBm
	dBm
	dB

	-96
	-126
	-109.5
	5
	-102.5
	-101.7
	0.8

	-93
	-123
	-106.5
	5
	-102.5
	-101.0
	1.5

	-90
	-120
	-103.5
	5
	-102.5
	-99.9
	2.5


The difference in sensitivity degradation in the victim receiver between using TT=0dB and TT=MU is only 1dB. This is less than the MU of the receiver sensitivity requirement.

So the impact of setting TT=MU for these requirements is lower than the MU for the parameter they are protecting.

As these requirements are solely for the protection of 3GPP systems and it is well understood that they will be very difficult to measure adopting the principle of TT=MU seems reasonable.

This is different o the approach used for the equivalent conducted requirements but is justifiable and does not significantly degrade the system.

Proposal 3: For spurious emissions requirements: Protection of BS receiver, Additional spurious emission requirements and Co-location,  TT=MU

Note. As MU is not yet agreed this principle is difficult to approve however it should be considered this meeting once the MU has been agreed.
3 Summary

The TT values for the TX spurious emissions requirements have been discussed, the requirements have been sub-divided into 3 categories based on how they were handled for the conducted requirements. The following 3 proposals are made.

Proposal 1: For TX OFF power, ACLR / CACLR (relative) and Operating band unwanted emissions,  close to carrier (e.g. <10MHz) TT =MU
Proposal 2: For ACLR / CACLR (absolute), Operating band unwanted emissions far from carrier (e.g. ≥10MHz), and Transmitter spurious emissions, Mandatory Requirements MU = 0dB

Proposal 3: For spurious emissions requirements: Protection of BS receiver, Additional spurious emission requirements and Co-location,  TT=MU

It has been previously agreed that we do not set the TT values until after the MU values are set but as both are to be finished in this meeting it is necessary to present proposals for both in parallel. It is the intention the above proposals are adopted once the MU’s are finalised.
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