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1. Introduction
At the last RAN4 meeting (RAN4#93 in Reno) technical background information related to BS RF core requirements applicable for the frequency range 7 to 24 GHz was added to clause 7 in TR 38.820. 
The technical background for co-location out-of-band receiver blocking requirement is currently not captured in TR 38.820. The text proposal [1] presented last meeting was not approved, due to high workload. 
In this contribution background information have been collected in a text proposal for TR 38.820, sub-clause 7.4. The text proposal is attached at the end of this contribution and is presented for approval. 
This is a revised version of R4-2001016.

2. Discussion
The technical background is very similar at the background for transmitter intermodulation already captured in TR 38.820, 7.4.1.9. In this contribution the technical background for out-of-band blocking is collected for BS type -C, -H and -O. 
The attached text proposal adds missing information as well as updating the structure in subclause 7.4.
Summary of changes;
1. Correction of sub-structure for In-channel selectivity in subclause 7.4.2.7.
2. Addition of technical background information relevant for out-of-band co-location receiver blocking in subclause 7.4.2.8.
Additional changes in revision:
1. Moved text to subclause 7.4.2.5.4.
2. Added information in Table 7.4.2.1-1.
3. Updated with suggested editorial improvements from comments collection in R4-2002713. 


3. Conclusion
To complete the work to capture technical background information in TR 38.820, subclause 7, it is proposed to approve the attached text proposal adding technical background for co-location out-of-band receiver blocking requirement.  

4. References
[1]	R4-1914529, “TP to TR 38.820: Editorial improvement of structure for co-location requirements in subclause 7.4”, Ericsson, RAN4#93
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TEXT PROPOSAL:
[bookmark: _Toc25724744]7.4.1.4		Transmit ON/OFF power
The TX OFF requirement is a TDD requirement used to protect receivers in the same band from the off level emissions from a transmitter. The requirement is in the assigned channel frequency.
For FR1 BS the level is set to protect co-sited BS, the conducted and the OTA levels are set accordingly, so that a co-sited BS suffers <1 dB degradation of the receiver sensitivity.
For the FR1 conducted the requirement this is:


The FR1 OTA requirement is specified as an equivalent output from the co-location reference antenna.
FR2 TX OFF requirements are set based on interference with BS is the same geographical area at a distance of 100 m.
When looking at any operating band the co-location OFF level is lower than the co-existence case, however for a BS which has both a transmitter and a receiver it is clear that the most vulnerable receiver is the BS’s own receiver, as such if the Tx is in the OFF state when performing the RX sensitivity test then conformance to TX OFF level is demonstrated by this.
FR1 conducted specification are written separately for TX and Rx and it is considered that there may be separate Tx and Rx connectors, as such it is possible to test the Rx sensitivity without the Tx, as such a separate TX OFF requirement is necessary. OTA systems cannot separate the Tx and Rx in the same way so the TX OFF requirement becomes redundant. For FR1 OTA requirements however as the goal was to provide requirements which were equivalent to the conducted requirements and as TX OFF measurement with the co-location methodology was possible the TX OFF requirement was maintained as a co-location requirement.
For FR2 as the interface is OTA and there is no equivalence to legacy conducted requirements it was sufficient to rely on the RX sensitivity test to show TX OFF co-location compliance.
The co-existence TX OFF level whilst being a lower level also has tighter timing requirements to account for the propagation time between the BS and the victim. So whilst the receiver sensitivity test guaranteed the OFF level assuming no propagation time it does not guarantee the OFF level is reached quickly enough. As such the co-existence OFF level is required in conjunction with the transient requirement to protect non-co-located BS receivers.
The TX OFF requirements are hence covered as follows:
Table 7.4.1.4-1: Transmit ON/OFF power requirements
	 
	FR1
	FR2

	co-location
	Tx OFF and Transient
	Rx sensitivity

	co-existence
	
	TX OFF and transient



For FR1 the 2 requirements are merged with the toughest timing requirement and the toughest OFF level, this makes a simple requirement but is perhaps over specified in terms of performance. 
For the 7 - 24 GHz range it can be considered that: 
· There are no existing conducted requirements, so there is no need to maintain equivalence to anything
· There will be defiantly have OTA requirement sets
· It will be difficult to implement FR1 like co-location requirements
· They may have conducted requirement (in lower bands)
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. 
For 7 - 24 GHz systems 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).
For summary of the co-location requirements refer to subclause 7.4.1.10.

TEXT PROPOSAL:
[bookmark: _Toc25724760]7.4.1.9	TX IMD
TX IMD is specified under the assumption that the BS is co-located with another BS of the same class, output power and antenna configuration. The reverse interferer specified in the TX IMD requirement is therefore based on the BS output power (as interfering BS is assumed to be the same power) and the isolation between the 2 systems.
· For BS type 1-C the isolation between the victim and aggressor antenna ports is 30 dB.
· For BS type 1-H an intra system requirement is defined.
· For BS type 1-O co-location a co-location reference antenna is specified and placed physically at a distance of 10cm from AAS BS and the full BS power is fed into it as an interferer.
For FR2 the OTA scenario is the same however it can be shown that the isolation is such that the requirement becomes unnecessary.
Under these conditions the BS must meet all the emission requirements.
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 requirements reduces.
If a Tx IMD 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 subclause 7.4.1.10, which may require a new method of injecting the interfering signal. For summary of the co-location requirements refer to subclause 7.4.1.10.

[bookmark: _Toc25724761]7.4.1.10	Co-location requirements
[bookmark: _Toc25724762]7.4.1.10.1	General
For FR1 BS requirements there are 4 different categories of requirements which are specified using the co-location reference antenna concept (see TS 38.141-2 [6]):
· Spurious emissions (i.e. Protection of the BS receiver of own or different BS, and co-location requirement)
· Transmitter ON/ OFF power level (see subclause 7.4.1.4)
· Transmitter intermodulation (see subclause 7.4.1.9)
· Out-of-band co-location blocking (see subclause 7.4.2.5.4)
For NR BS type 2-O there are currently no co-location requirements specified. It has been shown that the increased isolation between co-located BS and the lower ACLR requirements mean transmitter intermodulation requirements are not needed. For FR2 BS, the transmitter ON/OFF power requirement is specified as a TRP requirement. Transmitter spurious emissions and out-of-band co-location blocking requirements have been not specified in release 15 of the TS 38.104 [5] as co-location between FR2 systems with the current band allocation is not seen as very probable.
In addition, it has been shown that due to the high isolation between FR1 and FR2 antennas that no co-location requirements are needed between FR1 and FR2 or vice versa.
For BS type 1-O the co-location scenarios are defined as having a co-location reference antenna placed at a distance (edge to edge) of 10 cm from the BS. At this distance the worst case isolation found between two passive 2 GHz BS antennas was 30 dB. The same coupling factor of 30 dB has been used to derive all the conducted co-location requirements for BS type 1-C and BS type 1-H.
The coupling assumption and the definition of the co-location reference antenna are based on the co-located system being the same frequency as the BS as this is assumed worst case. For OTA requirements when the co-located system is a different frequency the co-location reference antenna is one suitable for that frequency. This method assumes that the co-located system is in a band where a non-AAS BS and passive antenna are used.
TEXT PROPOSAL:

[bookmark: _Toc25724783]7.4.2.5	Out-of-band blocking requirements
[bookmark: _Toc25724784]7.4.2.5.1	General
The out-of-band blocking requirement relies on the sensitivity as reference. The base station is illuminated with a wanted signal and an interferer signal at the same time maintaining specified link quality. Hence, the FRC used for conformance testing must support the carrier bandwidth to be supported for the frequency range 7 - 24 GHz.
[bookmark: _Toc25724785]7.4.2.5.2	Background
There are NR BS type specific concepts for how the out-of-band blocking requirement is defined with respect to the wanted signal power used as reference for the requirement, see table 7.4.2.5.2-1. 
Table 7.4.2.5.2-1: Wanted signal characteristics
	BS type

	Wanted signal conducted power
(dBm)
	Wanted signal EIS
(dBm)

	1-C, 1-H
	PREFSENS + 6 dB
	NA

	1-O
	NA
	EISminSENS + 6 dB

	2-O
	NA
	EISREFSENS_50M + 6 dB



For BS type 1-C and BS type 1-H, reference sensitivity (PREFSENS) is used as reference for out-of-band receiver blocking. For BS type 1-O, the minimum sensitivity (EISminSENS) relating to the full array antenna sensitivity is used as reference while for BS type 2-O, the reference sensitivity (EISREFSENS) relating to the antenna element/sub-array sensitivity is used as reference. In all cases these parameters represent the minimum sensitivity requirements, see subclause 7.4.2.2.1.
The conducted requirement defined for BS type 1-C and BS type 1-H is only defined for FR1. It is based on the analysis done for UTRA BS and the derivation of the -15 dBm conducted interferer level is based on interference analysis showing that worst case interference is from other BS at approximately the same frequency.
For simplicity, it is treated as the worst case and applied to the whole test frequency range up to 12.75 GHz which is shown below in table 7.4.2.5.2-2. 
The OTA requirement is defined for both FR1 and FR2 (which are concluded below in table 7.4.2.5.2-2) and it can be found that a discontinuity point of the FR2 requirement occurs at 12.75 GHz. 
Table 7.4.2.5.2-2: Interferer signal characteristics 
	BS type
	Frequency range of interferer signal 
(MHz)
	Interferer level at TAB/antenna connector
(dBm)
	Interferer RMS field-strength at RIB 
(V/m)
	Type of interfering signal

	1-C, 1-H
	1 to FUL,low – ΔfOOB
	-15
	NA
	CW

	1-C, 1-H
	FUL,high + ΔfOOB to 12750
	-15
	
	

	1-O
	30 to FUL,low – ΔfOOB 
	NA
	0.36
	

	1-O
	FUL,high + ΔfOOB to 12750
	
	0.36
	

	2-O
	30 to 12750
	
	0.36
	

	2-O
	12750 to FUL,low – ΔfOOB
	
	0.10
	

	2-O
	FUL,high + ΔfOOB  to flimit
(Note)
	
	0.10
	

	Note: flimit is the 2nd harmonic of the upper frequency edge of the operating band.



The interferer signal level 0.36 V/m from 30 MHz to 12750 MHz is based on the calculation of -15 dBm conducted interferer signal level at frequency 2000 MHz and 17 dBi antenna gain and a distance between aggressor and victim of 30 m. 
The EIRP at the aggressor is then calculated as:
	EIRP(30m) = Prx – Gant + FSPL(30m) = -15dBm – 17dBi + 68dB(frequency=2 GHz, FSPL 30m)  = 36 dBm
, where the aggressor EIRP level in linear scale is then converted to an RMS field strength level at the victim base station as:

For FR2 requirements the blocking signal is calculated as 0.1 V/m and applied to the whole frequency range as shown below in figure 7.4.2.5.2-1. Note when FR2 requirements were derived no systems between 7 to 24 GHz were considered.
The aggressor out of band BS is considered to have a total power of 29 dBm, an antenna gain of 26 dBi hence an EIRP of 55 dBm. As the aggressor main beam is pointed at UE’s at the ground, an aggressor sidelobe suppression level of 13 dB to get the aggressor signal pointing towards the victim is considered.
With the interferer at a distance of 200 m this gives an interfering field strength of:

In figure 7.4.2.5.2-1, the interferer signal level is plotted for FR1 and FR2.

[image: ]
Figure 7.4.2.5.2-1: OOB blocking interferer level
[bookmark: _Toc25724786]7.4.2.5.3	Technical considerations for 7 to 24 GHz
When developing out-of-band blocking requirements for base stations operating within the 7 - 24 GHz frequency range, RAN4 needs to consider requirements defined for FR1 and FR2. In table 7.4.2.5.3-1, the wanted signal characteristics is captured. 
Table 7.4.2.5.3-1: Wanted signal characteristics for base stations operating within 7 to 24 GHz
	BS type

	Wanted signal power
(dBm)
	Wanted signal
(dBm)

	-C, -H
	PREFSENS + X dB
	NA

	-O
	NA
	EIS + Y dB

	Note: Where X and Y will be defined in the WI phase.



, where PREFSENS and EIS will be defined in the WI phase.
In figure 7.4.2.5.3-1, the interferer level for frequencies outside the range 7125 MHz to 24250 MHz is plotted. The interferer level between 7125 MHz to 24250 MHz will be defined in the WI phase.
[image: ]
Figure 7.4.2.5.3-1: Baseline for interferer signal level
7.4.2.5.4	Out-of-band co-location receiver blocking
Out-of-band co-location receiver blocking requirement is defined as co-location requirement. Summary of the co-location requirements is captured in subclause 7.4.1.10.
For FR1 BS, requirements which are specified using assumptions on antenna port-to-port isolation between two co-located base stations is referred to as co-location requirements. For the receiver co-location requirement for out-of-band blocking is specified for BS type 1-C, BS type 1-H and BS type 1-O. For BS type 2-O there are currently no co-location requirements specified.
In addition, it has been shown that due to the high isolation between FR1 and FR2 antennas that no co-location requirements are needed between FR1 and FR2 BS or vice versa.
For BS type 1-O the co-location scenarios are defined as having a co-location reference antenna placed at a distance (edge to edge) of 10 cm from the BS. At this distance the worst-case isolation found between two passive 2 GHz BS antennas was 30 dB. The same coupling factor of 30 dB has been used to derive all the conducted co-location requirements for BS type 1-C and BS type 1-H.
The coupling assumption and the definition of the co-location reference antenna are based on the co-located system being the same frequency as the BS as this is assumed worst case. For OTA requirements when the co-located system is a different frequency the co-location reference antenna is one suitable for that frequency. This method assumes that the co-located system is in a band where a non-AAS BS and passive antenna are used.
For BS operating within 7 - 24 GHz, the necessity of the out-of-band colocation receiver blocking requirement can be analyzed by understanding the isolation, the aggressor Pout. As none of these parameters will be decided for the 7 - 24 GHz region will be agreed in the SI the need for out-of-band co-location receiver blocking cannot be accurately analyzed. However, it is clear as the frequency increases the need for an out-of-band co-location receiver blocking requirements reduces.
If an out-of-band co-location receiver blocking 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, which may require a new method of injecting the interfering signal.
[bookmark: _Toc25724787]7.4.2.6	Receiver spurious emissions
For conducted systems receiver spurious emissions are specified separately for both FDD and TDD systems. 
For conducted FDD systems as the TX and the Rx are both on at the same time and can be specified on separate connectors the receiver spurious emissions, should not significantly increase the total spurious emission level. The receiver spurious emissions level is therefore lower than the Tx spurious emission level so the total is approximately equal to the Tx level.
For OTA FDD systems the requirement is over the air and hence the transmitter and receiver cannot be separated so there are no receiver spurious emissions requirements needed.
For OTA TDD systems in applicable regions the receiver spurious emissions requirements are the same as the CAT B transmitter spurious emissions requirement as discussed in subclause 7.4.1.8. 
In other regions receiver spurious emissions will be specified based on applicable regional regulation during the WI.
[bookmark: _Toc25724788]7.4.12.X7		In-channel selectivity
[bookmark: _Toc25724789]7.4.12.X7.1 	In-channel selectivity for FR1 and FR2
In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of another in-channel wanted signal received at a much larger power spectral density.
The ICS requirement applies to FR1 (conducted and radiated requirements) and FR2 (radiated requirement). 
For conducted requirement is derived similar to E-UTRA requirement which assumes that the UL signal is defined for 2 users, one being the “wanted” signal and the other one being the “interfering” signal at elevated power. Following equations are used for interfering signal and wanted signal correspondingly.
Interfering signal power level = -174dBm/Hz + 10*log10(BW) + NF + ICS
Wanted signal power level =  -174dBm/Hz + 10*log10(BW) + NF + SNR + IM + 3 dB
The type of interfering signal is DFT-s-OFDM NR signal and BW is corresponding to number of RBs and SCS. 
25 dBc ICS is used based on 16 dB IOT and 9 dB SNR considering the modulation and link level simulation.
For this conducted requirement, the modulation scheme for interfering signal is assumed as 16QAM and modulation scheme for wanted signal is assumed as QPSK.
For the OTA requirement, the OTA ICS for FR1 is based on conducted requirement and an offset as ΔminSENS is used for transferring the conducted requirement to OTA requirement. However, for FR2 requirement there is no conducted requirement to be referred to. Hence the OTA ICS for FR2 is derived using the same equation as for conducted requirement, with additional offset for the gain G:
Interfering signal power level = -174dBm/Hz + 10*log10(BW) + NF + ICS - G,                             
Wanted signal power level = -174dBm/Hz + 10*log10(BW) + NF + SNR + IM + 3dB - G;                
14 dBc ICS is used based on the simulation result of IOT with 9 dB SNR and the worst case is applied.
For radiated requirement, the modulation scheme for interfering signal is assumed as 16QAM and modulation scheme for wanted signal is assumed as QPSK. This is same as for the conducted requirement.
[bookmark: _Toc25724790]7.4.12.X7.2	 In-channel selectivity for 7 - 24 GHz
For the FR1-like frequency range, the conducted requirements should not be precluded. Hence, both conducted as well as radiated requirements are expected to be defined. 
The conducted in-channel selectivity for 7 – 24 GHz will have to be re-calculated with the following considerations:
· The wanted and interfering signal levels of the ICS requirement will have to be re-calculated to account for an updated NF values and the supported set of bandwidths. For the wanted signal, the required SNR will be subject to the simulation campaigns. 
· Similar to the FR1 requirements, BS class specific requirements are expected to be defined for conducted ICS. 
· Selection of FRC to be used for the ICS requirement will depend on the set of supported channel bandwidths and SCS in 7 – 24 GHz. QPSK can be reused from FR1.
The throughput threshold (i.e. 95%) to derive the required SNR for the wanted signal can be reused for 7 – 24 GHz range. 
For the OTA in-channel selectivity the following was concluded: 
· For the OTA ICS, reuse the QPSK for the wanted signal (subject to the supported channel bandwidths and SCS in 7 – 24 GHz).
· For the FR1-like sub-range of the 7 – 24 GHz range: 
· BS class specific requirements are expected to be defined for OTA ICS.
· The same approach of deriving the OTA requirement from the conducted one can be reused, i.e. conducted requirement plus ΔminSENS offset for both the wanted and interfering signals. 
· For the FR2-like sub-range of the 7 – 24 GHz range: 
· The interfere signal and the wanted signal will be based on specific FRC, SCS and also the OTA reference sensitivity requirements.



















TEXT PROPOSAL:
Table 7.4.2.1-1: Overview of conducted Rx requirements for NR BS in 7 – 24 GHz range
	Rx requirement
	Conclusions from SI
	Items to be completed in related WI

	Reference sensitivity level
	Based on BW of FRC and NF assumptions.
Indicative noise figure values was concluded in the SI where for 10, 15 and 20 GHz example frequencies, the NF value of 7, 8 and 9 dB respectively.
	CBW and reference measurement channels to be confirmed.
Frequency specific NF assumptions to be confirmed.

	Dynamic range
	Requirement will have to be re-calculated to account for an updated NF, IM and the supported set of NRB and SCS. Required SNR for the wanted signal to be re-simulated. 
For the derivation of the requirement: reuse the 95% throughput threshold, reuse the 16QAM-based FRC (if possible).
	Value(s) of the NF, IM and required SNR. Consider capturing this aspect by demodulation requirements as for FR2.


	In-band selectivity and blocking
	ACS
	
	

	
	In-band blocking
	As the 7 to 24 GHz specification has to deal with all the BS types and implementation architectures the in-band blocking level should be set based on the wanted signal to interferer level in the same way as the FR2 levels. The conducted requirement can then be extracted by using the same delta on the conducted REFSENS value. As there are no existing conducted requirements to maintain equivalence to and the 7 to 24 GHz range will primarily consider beam forming systems it is suitable to derive the OTA requirements 1st and then apply the same methodology to the conducted.
	Over the 7 to 24 GHz range it is possible there are multiple in-band blocking deltas covering different bands

	Out-of-band blocking
	General out-of-band blocking
	The interferer level is -15 dBm below 7.125 GHz. 
	Range above 7.125 GHz to be concluded in the WI.

	
	Co-location
	[bookmark: _GoBack]The necessity of the co-location blocking requirement can be analysed by understanding the isolation, the aggressor power, as frequency increases. As none of these parameters could be agreed in the SI the need for co-location blocking requirement cannot be accurately analysed.
	Need to establish antenna port isolation for specific band in WI.

	Receiver spurious emissions
	
	

	Receiver intermodulation
	
	Requirement to be concluded in the WI.

	In-channel selectivity
	BS class specific requirements will have to be re-calculated to account for an updated NF and the supported set of NRB and SCS. Required SNR for the wanted signal to be re-simulated. 
For the derivation of the requirement: reuse the 95% throughput threshold, reuse the QPSK-based FRC.
	Value(s) of the NF, required SNR for wanted signal. ICS for the interferer to be verified. 
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