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1.	Introduction
There are some unfilled entries in the summary tables for transmitter requirements in TR 38.820 [2] for 7 - 24 GHz even though the related discussion sections have been completed.
This contribution provides a TP to fill those entries in the summary tables for transmitter requirements in the TR, according to the contents in the related discussion sections.

2.	Text proposal
[bookmark: _Toc5942621]<Start of change>
[bookmark: _Toc5938267][bookmark: _Toc39854099]7.4.1.1	Tx requirements overview
Summary of the conducted and radiated Tx requirements specified in Rel-15 for the NR BS is presented in this clause. More detailed elaboration on the motivation on selected requirements is provided in dedicated clauses below. 
All the findings captured for the conducted requirements in table 7.4.1.1-1 and related clauses below are considered to be applicable to the (sub)-range of the 7 – 24 GHz for which the conducted requirements will be found to be feasible during related WI. 
While radiated requirements are considered to be applicable to the whole 7 – 24 GHz range, their definitions, values and levels may differ across the 7 – 24 GHz range.
Table 7.4.1.1-1: Overview of conducted Tx requirements for NR BS in 7 – 24 GHz range

	
Tx requirement
	Conclusions from SI
	Items to be completed in related WI

	Base station output power
	

For xFC-H system, if the system is based on an xFC-C system then the requirements will be the same as xFC-C.
If the xFC-H system is derived from an xFC-O system then the conducted accuracy will need to be investigated in a different manner.
Some indicative PA output power levels were discussed but BS output power depending on the intended deployment scenario was not investigated as no specific frequency band was specified.
	Decide which requirement sets (xFC-C, xFC-H) are to be introduced.
If agreed to be introduced, for xFC-C systems in the 7 – 24 GHz range, the accuracy should be examined once the operating frequency bands are known.
Decide if xFC-H requirements are to be based on xFC-Cx-C or xFC-O (possibly depending on operating band).

	Output power dynamics
	RE power control dynamic range
	If unwanted emission limits are not increased compared to FR1 limits, then the RE power control dynamic range requirements for QPSK and 16 QAM can be reused for the applicable 7 – 24 GHz (sub)-range. 
No requirement for 64QAM.
	For sub-range(s) applicable to conducted requirements, if unwanted emission limits are increased compared to FR1 limits, then the RE power control dynamic range may require to be revisited. 
Decide if requirement for 256QAM is needed.

	
	Total power dynamic range
	Same requirement derivation methodology as for FR1, based on the set of supported channel bandwidths and SCS. 
	Derive the requirement for sub-range(s) applicable to conducted requirements.

	Transmit ON/OFF power
	Transmitter OFF power
	There may be conducted requirement defined for applicable sub-range(s).
For NR BS with conducted only requirements where the TX and Rx are separate it may be necessary to provide an additional conducted Tx OFF requirement (or have an appropriately lower level).
	Potential conducted co-location OFF levels to be decided based on co-location scenarios and isolation.

	
	Transmitter transient period
	
	Transient period dependent depends on system scenarios in WI. 


	Transmitted signal quality
	Frequency error
	Requirements can be reused from FR1.
	

	
	Modulation quality
	QPSK, 16QAM and 64QAM core requirements can be reused from FR1. 
	Define EVM window length and equalizer requirements.
Define 256QAM requirements. 

	
	Time alignment error
	Requirements for the MIMO transmission and for the inter-band CA (with or without MIMO) can be reused from FR1.
	Derive intra-band CA TAE requirements, based on the set of the supported SCS.

	Occupied bandwidth
	Single carrier and CA requirements can be reused from FR1/FR2.
	

	ACLR
	ACIR and hence BS ACLR are frequency dependent. In addition the distribution of the ACIR budget between BS ACLR and UE ACS varies over frequency with the ACLR allocation increasing with frequency as PA linearity becomes harder to achieve.
It is also important to consider the deployment scenarios which are identified for identified bands as these are very important parameter in the co-existence analysis.
The 7 – 24 GHz region covers almost 3 octaves so there may be more than one ACIR (and hence BS ACLR) requirements over the 7 to 24GHz range.
	Co-existence simulations are carried out on specific bands (or ranges) as they are identified. 
The split between BS ACLR and UE ACS should also be decided on a frequency (sub-)range specific basis based on the relative difficulty in implementing each in the BS and UE respectively.


	Operating band unwanted emissions
	OBUE was discussed in SI but no conclusion around the OBUE frequency domain and possible mask shape was achieved. 
Higher ΔfOBUE, than in FR1 needs to be considered, probably with an approach similar to FR2. Existing mask shapes could also be a starting point.
	To be completed in the WI when frequency bands are specified in 7 – 24 GHz range. Also consider the OBUE mask.

	Transmitter spurious emissions
	General transmitter spurious emissions
	Regulation defines Category A and B limits, but Category B limits for AAS BS operating in 6 to 24.25 GHz are presently not defined ERC Recommendation 74-01 [34]. 
	A starting point for those limits could be the present limits above 24.25 GHz, but the work defining them will take place in ECC.

	
	Protection of the BS receiver of own or different BS
	For a 7 – 24 GHz system, the noise figure and hence the wanted signal power level for the receiver sensitivity requirement will be higher compared to those in FR1 and hence the co-location power level will be similarly higher.
	Determine; appropriate antenna port isolation for specific band co-location scenarios, receiver noise figure and desensitization levels.

	
	Additional spurious emissions requirements
	Additional spurious emissions requirements in 7 – 24 GHz range depend on the local and regional regulations for specific bands in different regions.
	For specific band check relevant regulation and co-existence in same geographical area deployment scenarios and requirements.

	
	Co-location with other base stations
	The port to port isolation needs to be further considered for the frequency range.
	Determine appropriate antenna port isolation for specific operating band.

	Transmitter intermodulation
	The necessity of the TX IMD requirement can be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR), as frequency increases the ACLR requirement is smaller, achievable Pout is lower and isolation increases. 
As none of these parameters will be decided for the 7 to 24GHz range in the SI the need for TX IMD cannot be accurately analyzed however it is clear as the frequency increases the needed for a TX IMD requirement reduces.
	The necessity of the TX IMD requirement can be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR), for each specific operating band in 7 – 24 GHz range.



Table 7.4.1.1-2: Overview of radiated Tx requirements for NR BS in 7 – 24 GHz range
	OTA Tx requirement
	Conclusions from SI
	Items to be completed in related WI

	Radiated transmit power
		

TRP accuracy capability is dependent on operating frequency and transmitter architecture
Some indicative PA output power levels are discussed but BS output power depending on the array size is not investigated as no specific frequency band is handled.
	Accuracy capability to be investigated for each operating band.

	OTA base station output power
	

Some indicative PA output power levels are discussed but BS output power depending on the power capability is not investigated as no specific frequency band is handled.
	EIRP accuracy analysis to be considered once the operating bands are known.

	OTA output power dynamics
	RE power control dynamic range
	For “FR1-like” sub-range of the 7 – 24 GHz range, the requirement for QPSK and 16QAM is the same as conduced requirement for 7 – 24 GHz.
For “FR2-like” sub-range of the 7 – 24 GHz range, there is no requirement defined. 
No requirement for 64QAM.
	If unwanted emission limits are increased compared to FR1 limits, then the RE power control dynamic range may require to be revisited. 
Decide if requirement for 256QAM is needed.

	
	Total power dynamic range
	Same requirement derivation methodology as for FR1 and FR2, based on the set of supported channel bandwidths and SCS.
	Derive the requirement based on the supported channel bandwidths and SCS.

	OTA transmit ON/OFF power
	Transmitter OFF power
	The background assumptions for FR1 and FR2 are significantly different.
It can be considered that: 
-	There are no existing conducted requirements, so there is no need to maintain equivalence to anything
-	There will be OTA requirement sets
-	It will be difficult to implement FR1 like co-location requirements
Co-location in the 7 – 24 GHz region has a number of implementation issues which may require a new method of measuring co-location emissions however if co-location and co-existence scenarios are separated as they are with FR2 the TX OFF requirements will be simpler to implement. 
	OTA requirements based on co-existence OFF levels to be decided based on system scenarios.
If OTA co-location requirements are needed then a new method of co-location emissions measurement needs to be studied.

	
	Transmitter transient period
	
	Transient period dependent on system scenarios in WI. 
Depending on the operating band frequency, the FR1 approach or FR2 approach can be used. 
This would also depend on chosen SCS.

	OTA transmitted signal quality
	Frequency error
	Requirements can be reused from FR1/FR2.
	

	
	Modulation quality
	QPSK, 16QAM, 64QAM core requirements can be reused from FR1/FR2. 
	Define EVM window length and equalizer requirements.
Define 256QAM requirements.

	
	Time alignment error
	Requirements for the MIMO transmission and for the inter-band CA (with or without MIMO) can be reused from FR1/FR2.
	Derive intra-band CA TAE requirements, based on the set of the supported SCS.

	OTA occupied bandwidth
	Single carrier and CA requirements can be reused from FR1/FR2.
	

	OTA ACLR
	ACIR and hence BS ACLR are frequency dependent. In addition the distribution of the ACIR budget between BS ACLR and UE ACS varies over frequency with the ACLR allocation increasing with frequency as PA linearity becomes harder to achieve.
It is also important to consider the deployment scenarios which are identified for identified bands as these are very important parameter in the co-existence analysis
The 7 to 24GHz region covers almost 3 octaves so there may be more than 1 ACIR (and hence BS ACLR) requirements over the 7 to 24GHz range.
	Co-existence simulations are carried out on specific bands (or ranges) as they are identified. The split between BS ACLR and UE ACS should also be decided on a band specific basis based on the relative difficulty in implementing each in the BS and UE respectively.

	OTA operating band unwanted emissions
	No conclusion around the OBUE domain and possible mask shape. 
Higher ΔfOBUE than in FR1 needs to be considered, probably with an approach similar to FR2. Existing mask shapes could also be a starting point.
	To be completed in the WI when specific frequency bands are specified. Also consider the OBUE mask.

	OTA transmitter spurious emissions
	General transmitter spurious emissions
	Regulation defines Category A and B limits, but Category B limits for AAS BS operating in 6 to 24.25 GHz are presently not defined in ERC Recommendation 74-01 [34]. A starting point for those limits could be the present limits above 24.25 GHz, but the work defining them will take place in ECC. Feasibility of filters based on LTCC technology was discussed during WI where based on attenuation assumptions, insertion loss and needed guard has been investigated.
	Requirement to be completed in the WI.

	
	Protection of the BS receiver of own or different BS
	For a 7 – 24 GHz system, the noise figure and hence the wanted signal power level for the receiver sensitivity requirement will be higher compared to those in FR1 and hence the co-location power level will be similarly higher.
	Determine appropriate antenna port isolation for specific band. If a requirement is needed in the 7 – 24 GHz region then it will be a co-location requirement, co-location in the 7 – 24 GHz region has a number of implementation issues (see clause 7.4.1.10) which requires a new concept.

	
	Additional spurious emissions requirements
	Additional spurious emissions requirements in 7 – 24 GHz range depend on the local and regional regulations for specific bands in different regions.
	For specific operating band check relevant regulation and co-existence in same geographical area deployment scenarios and requirements.

	
	Co-location with other base stations
	A new solution based on measurements of EUT based on field strength instead of using measurement antennas.
	Determine appropriate antenna isolation for specific band. If a requirement is needed in the 7 – 24 GHz region then it will be a co-location requirement, co-location in the 7 – 24 GHz region has a number of implementation issues (see clause 7.4.1.10) which requires a new concept.

	OTA transmitter intermodulation
	The necessity of the TX IMD requirement can be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR), as frequency increases the ACLR requirement is smaller, achievable Pout is lower and isolation increases. As none of these parameters will be decided for the 7 to 24GHz region will be agreed in the SI the need for TX IMD cannot be accurately analyzed however it is clear as the frequency increases the needed for a TX IMD requirement reduces.
	The necessity of the TX IMD requirement to be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR).




<Next change>
[bookmark: _Toc39854129]7.4.1.10.2	Co-location emissions
If there are no co-location requirements then we can assume that worst case the BS will be radiating CAT B emissions levels and co-location of two base station can’t be guaranteed without degradation of the victim base station sensitivity.
Using the noise figure from the technology overview in table 5.5.1-1 and assume the same degradation of victim sensitivity as for FR1 base station (1dB degradation) the emission level at the victim can be determined. A similar level of protection to the victim receiver as provided for FR1 the co-location noise in the victim must conservatively be less than -110dBm/100 kHz. If CAT B emissions are assumed then an isolation of at least 70dB will be required, this is greater than the isolation assumed for FR2 and as such it seems likely that co-location emissions requirements of some sort are required in the 7 – 24 GHz region.
Considering the BS type 1-O style co-location requirements they have three difficulties when considering their use at higher frequencies:
· The emissions power levels out of the co-location reference antenna required to secure the victim receiver sensitivity are very low as such difficult to measure.
· Define a relevant co-location scenario; e.g. distance between co-location reference antenna and base station.
· The antennas used for conformance testing (co-location test antennas) must be identified and a range of different antennas may be required.
Because of these difficulties it may be necessary to develop a general concept without dependencies to a legacy passive BS antenna.
For type xFR-C and xFR-H type of requirements the antenna-to-antenna isolation needs careful consideration.
For BS type 1-O the emissions power levels are set at the output of the co-location reference antenna and are very low and as such requires a very low noise figure test system to measure and requires that the test system noise is calibrated out from the final measurement.
For a higher frequency system, we predict that the noise figure and hence the wanted signal power level for the receiver sensitivity requirement will be higher and hence the co-location power level will be  similarly higher, however the same high noise figure will impact the measurement equipment. The effect on the measurement equipment could be greater than that on the BS receiver as not only the higher LNA NF but also cable loss etc. has have to be taken into account. As such the measurement of the power level is likely to become harder in the 7 - 24 GHz frequency region.
The availability of passive BS antennas in the 7 - 24 GHz frequency region is also likely to be a problem. Many frequency bands will rely on OTA only systems which do not have traditional passive antenna. As such co-location test antennas will have to be designed specifically for the purpose and will not represent a real scenario as is intended with the existing BS type 1-O co-location requirements.
Specifying and measuring co-location emissions levels in the 7 - 24 GHz region is more difficult than in BS type 1-O and may require an alternative approach.
<End of change>
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