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1. Introduction
In RAN4#96-e meeting, WF on PA and antenna assumptions for 60 GHz [1] was approved to further discuss BS antenna configurations, PA trends analysis, and others BS-related topics(such as BS architecture, BS classes, Noise Figure, Key RF characteristics and BS RF requirements) in this meeting. This contribution provides our views on these issues.
2. Discussion
2.1 BS antenna configurations
The WF#1 for BS antenna configuration analysis in WF [1] is shown as follows:
	WF#1: analysis of the BS antenna array (including its size, configuration, achievable gains, etc.) to be captured in the TR 38.808, considering RAN1 LL/SL assumptions on the BS antenna arrays as the starting point for further study on practical aspects of the BS antenna arrays design.


The analysis of BS antenna configurations (including its size, configuration, achievable gains, etc.) has the following roles for RAN4:
1) In the co-existence simulation, typical antenna configurations for different deployment scenarios need to be discussed.
2) Used for EISREFSENS_50M declared range, G assumptions for calculating WA, MR and LA OTA REFSENS range for 52.6-70GHz needs to be discussed.
Referring to co-existence simulations in section 5.2.3 of TR 38.803[2], 45GHz and 70GHz were simulated in dense urban scenario and indoor scenario simulation and they are not simulated in urban macro scenario. The BS antenna configuration parameters are same for 45GHz and 70GHz as shown in Table 1.
Table 1: BS antenna configuration parameters for 45GHz and 70GHz
	Parameter
	Dense urban scenario
	Indoor scenario

	(Mg, Ng, M, N, P)
	(1, 1, 8, 16, 2)
	(1, 1, 8, 16, 2)

	dh
	0.5
	0.5

	dv
	0.5
	0.5

	Am
	30 dB
	25 dB

	SLAv
	30 dB
	25 dB

	3dB
	65 o
	90 o

	3dB
	65 o
	90 o

	GE,max
	8 dBi
	5 dBi



As 52.6-70 GHz is very high frequency, larger antenna is needed to compensate larger path loss. Then if the R15 co-existence simulation results still apply may need some discussion.
The G assumptions for calculating FR2 OTA REFSENS range defined in TR 38.817-02[3] are shown in the following:
	Table 10.3.3.2-1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi


Table 10.3.3.2-2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	MR
	[5 to 28] dBi
	[7 to 30] dBi

	LA
	0 to 23 dBi
	2 to 25 dBi





Based on above, the low gain case for WA for 30GHz is 10dBi, which is the least gain for achieving UL SINR of 15dB for a 200MHz channel at a reasonable minimum cell size (100m). The G assumption for the higher frequency is larger compared with the lower frequency because it is assumed the OTA REFSENS maintains the same when the NF is larger. For example, the NF assumption for 30GHz and 45GHz is 10dB and 12dB respectively, and the gain for 45 GHz increases 2dB. Therefore, from REFSENS respective, the antenna gain for 52.6-71GHz is larger than 45 GHz.
Observation 1: The BS antenna gain for 52.6-71GHz may need to be larger than 45 GHz considering the large path loss and the larger noise figure (NF), details can be discussed in WI phase.
2.2 Noise Figure
The WF#5 for noise figure in WF [1] is shown as follows: 
	WF#5: it is proposed to capture information on the achievable NF range values in the RAN4 part of the TR 38.808, based on reference to ETSI TR 101 854 or other technical input provided.


It is expected that the noise figure for above 52.6GHz will increase [2] dB compared with 45 GHz. The NF for FR2 defined in Table 10.3.3.3-1 of TR 38.817-02 is shown as follows:
	Table 10.3.3.3-1: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB



The same NF assumption is used for all BS classes.


Observation 2:
-	The noise figure for 52.6-71GHz is expected [2] dB larger than 45 GHz.
-	The same NF assumption can be used for all BS classes.

2.3 BS architecture
The WF#3 for BS architecture in WF [1] is shown as follows:
	WF#3: it is proposed to capture in the TR 38.808 that the AAS BS architecture is considered as the baseline design for the BS operating in 52.6 – 71 GHz frequency range. Further analysis on other BS architecture options is not precluded next meeting. 


The definition of frequency range for FR2 in TS 38.104 is 24250-52600MHz. The BS architecture for FR2 was assumed that transceiver unit array (TRXUA), radio distribution network (RDN) and antenna array (AA) is integrated as active antenna system (AAS) without physical antenna connectors, the BS architecture for FR2 was called as BS type 2-O. The RF requirement for BS type 2-O was defined as OTA requirement at Radiated Interface Boundary (RIB).  
For above 52.6 GHz higher than FR2, it can be assumed existing FR2 BS architecture applies to above 52.6GHz.
Observation 3: The BS architecture for existing FR2 is applicable for 52.6 – 71 GHz.
For the frequency range term, we think FR2 can be reused because FR2 concept and test methodology apply to the frequency above 52.6GHz. Therefore, we think BS type 2-O terms apply to the BS above 52.6GHz.
Observation 4: FR2 and BS type 2-O terms can be reused by the 52.6-71 GHz frequencies.

2.4 BS classes
The WF#4 for BS classes in WF [1] is shown as follows:
	WF#4: : it is proposed to capture in the TR 38.808 an observation on the BS classes Further inputs on the BS classes analysis for 52-71 GHz range are encouraged from interested companies. 


Currently, the BS classes defined for BS type 1-O and 2-O in TS 38.104 are shown as follows:
	For BS type 1-O and 2-O, BS classes are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.


Based on the above, BS classes definition is based on the deployment scenarios and frequency independent. So it may be sufficient to the BS classes defined in TS 38.104 can cover all BS classes for 52.6-71 GHz. 
Observation 5: The BS classes defined in TS 38.104 for AAS BS are applicable for BS in 52.6-71 GHz.

2.5 BS Transmitter characteristic
The WF#6 for BS RF requirement in WF [1] is shown as follows:
	WF#6: for the next meeting, collects further inputs on the key RF characteristics in 52.6-71 GHz range, as well as inputs on the (selected) BS RF requirements. Related TP(s) to be TR to be provided for next meeting, considering work-split. 


The following table summarized our initial consideration of the BS transmitter requirements for 52.6-71 GHz.
	Requirement
	Section in TS 38.104
	Consideration for requirement

	Radiated transmit power
	9.2
	The EIRP accuracy for FR1 and FR2 is ±2.2 and ±3.3dB respectively. The EIRP accuracy is related to frequency range. 
It is FFS whether ±3.4dB EIRP accuracy can be reused for 52.6-71 GHz or not.


	OTA base station output power
	9.3
	The TRP accuracy for FR1 and FR2 is ±2 and ±3dB respectively. The EIRP accuracy is related to frequency range. 
It is FFS whether ±3dB TRP accuracy can be reused for 52.6-71 GHz or not. 


	OTA output power dynamics
	9.4
	The OTA total power dynamic range for 52.6-71 GHz needs to be discussed when numerology/CBW is decided. 


	OTA transmit ON/OFF power
	9.5
	1) OTA transmit OFF power
The OFF power -36 dBm/MHz for FR2 is calculated based on the inter site interference propagation case with 128 transceivers, 28GHz frequency, and minimum path loss with 100m distance etc. 
So, for OTA transmit OFF power for 52.6-71 GHz,
Whether the typical inter site interference propagation case for 52.6-71 GHz is same with above inter site interference propagation case for FR2 need to be studied.
It is FFS whether the same OTA transmit OFF power for FR2 can be reused for 52.6-71GHz.
2) OTA transient period
For 52.6-71GHz, if larger SCS are introduced, such as 480kHz, the length of symbol is reduced significantly. Transient period may bring some performance impact to the system. However, 3us transient period for FR2 was decided considering state of the art. More discussion may be needed to decide the transient period for 52.6-71 GHz.
It is FFS whether the same OTA transient period for FR2 can be reused for 52.6-71GHz.


	OTA transmitted signal quality
	9.6
	Frequency error, EVM and TAE requirements may be defined the same as FR2 but still need to be confirmed in WI phase.


	OTA occupied bandwidth
	9.7.2
	The same principle with existing (99% power should be within CBW) can be reused for 52.6-71GHz.
The value of /2 for occupied bandwidth for 52.6-71GHz can be taken as 0.5%.


	OTA ACLR
	9.7.3
	The ACLR and CACLR are related to the frequency range. The study of ACLR and CACLR for 52.6-71GHz are needed.


	OTA out-of-band emission
	9.7.4
	The OBUE limits are related to the frequency range. The OBUE limits for 52.6-71GHz needs to be studied.


	OTA transmitter spurious emission 
	9.7.5
	OTA transmitter spurious emissions (Category A) are not related to frequency range. 
-13 dBm can be the requirements for OTA transmitter spurious emissions (Category A) for 52.6-71GHz.

Currently, OTA transmitter spurious emissions (Category B) are defined for n258 and n259 with step frequencies.
It is FFS whether OTA transmitter spurious emissions (Category B) for 52.6-71GHz with step frequencies need to be defined.



2.6 BS Receiver characteristic
Referring to WF#6, the following table summarized our initial consideration of the BS receiver requirements for 52.6-71 GHz.
	Requirement
	Section in TS 38.104
	Consideration for requirement

	OTA reference sensitivity level
	10.3
	OTA reference sensitivity level (EISREFSENS) for FR2 is defined for all CBW/SCSs, and OTA reference sensitivity level (EISREFSENS) for FR2 is defined based on EISREFSENS_50M declared by vendor. The EISREFSENS_50M declared range is calculated according to the following equation, 
EISREFSENS_50M 
= -174dBm +10*log10(66*12*60*1000)+NF+2+(-1.1)-G

The OTA reference sensitivity levels (EISREFSENS), FRC, and SNR for FRC need to be studied when numerology/CBW for 52.6-71GHz is decided.
The NF, and G in the equation needs to be studied. 


	OTA in-band selectivity and blocking
	10.5
	ACS and in-band blocking interference level need to be studied based on the simulation and implementation.


	OTA out-of-band blocking
	10.6
	Need to further study whether OTA out-of-band blocking for FR2 is applicable for for 52.6-71GHz.

	OTA receiver spurious emission 
	10.7
	Currently, OTA receiver spurious emissions are defined for n275, n258, n259, n260, and n261 with step frequencies (Fstep,X,x=1-6).
The OTA receiver spurious emissions and the step frequencies for NR operating bands in 52.6-71GHz need to be studied.
The step frequencies (Fstep,X,x=1-6) for NR operating bands in 52.6-71GHz need to be considered.


	OTA receiver intermodulation
	10.8
	The interferer levels for general receiver intermodulation for FR2 were derived by applying an offset of 8 dB below OTA in-band blocking levels. The 50MHz DFT-s-OFDM NR signal for FR2 as one of type of interfering signals.
The interferer levels for general receiver intermodulation can be offset of 8 dB below OTA in-band blocking levels.
If 50MHz CBW is supported for 52.6-71GHz, the 50MHz DFT-s-OFDM NR signal as one of type of interfering signals is feasible. Otherwise the minimum CBW DFT-s-OFDM NR signal is needed to be as one of interfering signals.


	OTA in-channel selectivity
	10.9
	For FR2, the ICS is agreed as 14dBc for all BS type, which is decided based on simulation results for IoT level for InH and Dense Urban at 30GHz, 45GHz, and 70GHz. 
So, for OTA in-channel selectivity for 52.6-71GHz,
14dBc ICS requirement can be reused for 52.6-71GHz for all BS type.
The OTA in-channel selectivity, FRC for ICS and the SNR for FRC need to be studied when numerology/CBW for 52.6-71GHz is decided.




Based on above,
Proposal 1: It is proposed to agree on the corresponding text proposal for TR 38.808[4] in the annex.

3. Conclusion
In this contribution, the BS requirement aspects for 52.6-71GHz are discussed. The following proposals are summarised as below:
Observation 1: The BS antenna gain for 52.6-71GHz may need to be larger than gain for 45 GHz considering the large path loss and the larger noise figure (NF), details can be discussed in WI phase.
Observation 2:
-	The noise figure for 52.6-71GHz is expected [2] dB larger than 45 GHz.
-	The same NF assumption can be used for all BS classes.
Observation 3: The BS architecture for existing FR2 is applicable for 52.6 – 71 GHz.
Observation 4: FR2 and BS type 2-O terms can be reused by the 52.6-71 GHz frequencies.
Observation 5: The BS classes defined in TS 38.104 for AAS BS are applicable for BS in 52.6-71 GHz.
Proposal 1: It is proposed to agree on the corresponding text proposal for TR 38.808[4] in the annex.
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4.2	RAN4 aspects
Editor’s Note: This section will be further categorized into sub-sections depending on discussions
4.2.x	BS requirement
4.2.x.1	General 
4.2.x.1.1 BS antenna configurations
The analysis of BS antenna configurations (including its size, configuration, achievable gains, etc.) has the following roles for RAN4:
1) In the co-existence simulation, typical antenna configurations for different deployment scenarios need to be discussed.
2) Used for EISREFSENS_50M declared range, G assumptions for calculating WA, MR and LA OTA REFSENS range for 52.6-70GHz needs to be discussed.
Referring to co-existence simulations in section 5.2.3 of TR 38.803[2], 45GHz and 70GHz were simulated in dense urban scenario and indoor scenario simulation and they are not simulated in urban macro scenario. The BS antenna configuration parameters are same for 45GHz and 70GHz as shown in Table 1.
Table 1: BS antenna configuration parameters for 45GHz and 70GHz
	Parameter
	Dense urban scenario
	Indoor scenario

	(Mg, Ng, M, N, P)
	(1, 1, 8, 16, 2)
	(1, 1, 8, 16, 2)

	dh
	0.5
	0.5

	dv
	0.5
	0.5

	Am
	30 dB
	25 dB

	SLAv
	30 dB
	25 dB

	3dB
	65 o
	90 o

	3dB
	65 o
	90 o

	GE,max
	8 dBi
	5 dBi



As 52.6-70 GHz is very high frequency, larger antenna is needed to compensate larger path loss. Then if the R15 co-existence simulation results still apply may need some discussion.
The G assumptions for calculating FR2 OTA REFSENS range defined in TR 38.817-02[3] are shown in the following:
	Table 10.3.3.2-1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi


Table 10.3.3.2-2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	MR
	[5 to 28] dBi
	[7 to 30] dBi

	LA
	0 to 23 dBi
	2 to 25 dBi





Based on above, the low gain case for WA for 30GHz is 10dBi, which is the least gain for achieving UL SINR of 15dB for a 200MHz channel at a reasonable minimum cell size (100m). The G assumption for the higher frequency is larger compared with the lower frequency because it is assumed the OTA REFSENS maintains the same when the NF is larger. For example, the NF assumption for 30GHz and 45GHz is 10dB and 12dB respectively, and the gain for 45 GHz increases 2dB. Therefore, from REFSENS respective, the antenna gain for 52.6-71GHz is larger than 45 GHz.
· The BS antenna gain for 52.6-71GHz may need to be larger than gain for 45 GHz considering the large path loss and the larger noise figure (NF), details can be discussed in WI phase.

4.2.x.1.2 Noise Figure
It is expected that the noise figure for above 52.6GHz will increase [2] dB compared with 45 GHz. The NF for FR2 defined in Table 10.3.3.3-1 of TR 38.817-02 is shown as follows:
	Table 10.3.3.3-1: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB



The same NF assumption is used for all BS classes.


-	The noise figure for 52.6-71GHz is expected [2] dB larger than 45 GHz.
-	The same NF assumption can be used for all BS classes.

4.2.x.1.3 BS architecture
The definition of frequency range for FR2 in TS 38.104 is 24250-52600MHz. The BS architecture for FR2 was assumed that transceiver unit array (TRXUA), radio distribution network (RDN) and antenna array (AA) is integrated as active antenna system (AAS) without physical antenna connectors, the BS architecture for FR2 was called as BS type 2-O. The RF requirement for BS type 2-O was defined as OTA requirement at Radiated Interface Boundary (RIB).  
For above 52.6 GHz higher than FR2, it can be assumed existing FR2 BS architecture applies to above 52.6GHz.
· The BS architecture for existing FR2 is applicable for 52.6 – 71 GHz.
For the frequency range term, we think FR2 can be reused because FR2 concept and test methodology apply to the frequency above 52.6GHz. Therefore, we think BS type 2-O terms apply to the BS above 52.6GHz.
· FR2 and BS type 2-O terms can be reused by the 52.6-71 GHz frequencies.

4.2.x.1.4 BS classes
Currently, the BS classes defined for BS type 1-O and 2-O in TS 38.104 are shown as follows:
	For BS type 1-O and 2-O, BS classes are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.


Based on the above, BS classes definition is based on the deployment scenarios and frequency independent. So it may be sufficient to the BS classes defined in TS 38.104 can cover all BS classes for 52.6-71 GHz. 
· The BS classes defined in TS 38.104 for AAS BS are applicable for BS in 52.6-71 GHz.

4.2.x.2	BS Transmitter characteristic
The following table 4.2.x.2-1 is the summary of initial consideration of the BS transmitter requirements for 52.6-71 GHz in SI study.
Table 4.2.x.2-1: Initial consideration of the BS transmitter requirements for 52.6-71 GHz
	Requirement
	Section in TS 38.104
	Consideration for requirement

	Radiated transmit power
	9.2
	The EIRP accuracy for FR1 and FR2 is ±2.2 and ±3.3dB respectively. The EIRP accuracy is related to frequency range. 
It is FFS whether ±3.4dB EIRP accuracy can be reused for 52.6-71 GHz or not.


	OTA base station output power
	9.3
	The TRP accuracy for FR1 and FR2 is ±2 and ±3dB respectively. The EIRP accuracy is related to frequency range. 
It is FFS whether ±3dB TRP accuracy can be reused for 52.6-71 GHz or not. 


	OTA output power dynamics
	9.4
	The OTA total power dynamic range for 52.6-71 GHz needs to be discussed when numerology/CBW is decided. 


	OTA transmit ON/OFF power
	9.5
	1) OTA transmit OFF power
The OFF power -36 dBm/MHz for FR2 is calculated based on the inter site interference propagation case with 128 transceivers, 28GHz frequency, and minimum path loss with 100m distance etc. 
So, for OTA transmit OFF power for 52.6-71 GHz,
Whether the typical inter site interference propagation case for 52.6-71 GHz is same with above inter site interference propagation case for FR2 need to be studied.
It is FFS whether the same OTA transmit OFF power for FR2 can be reused for 52.6-71GHz.
2) OTA transient period
For 52.6-71GHz, if larger SCS are introduced, such as 480kHz, the length of symbol is reduced significantly. Transient period may bring some performance impact to the system. However, 3us transient period for FR2 was decided considering state of the art. More discussion may be needed to decide the transient period for 52.6-71 GHz.
It is FFS whether the same OTA transient period for FR2 can be reused for 52.6-71GHz.


	OTA transmitted signal quality
	9.6
	Frequency error, EVM and TAE requirements may be defined the same as FR2 but still need to be confirmed in WI phase.


	OTA occupied bandwidth
	9.7.2
	The same principle with existing (99% power should be within CBW) can be reused for 52.6-71GHz.
The value of /2 for occupied bandwidth for 52.6-71GHz can be taken as 0.5%.


	OTA ACLR
	9.7.3
	The ACLR and CACLR are related to the frequency range. The study of ACLR and CACLR for 52.6-71GHz are needed.


	OTA out-of-band emission
	9.7.4
	The OBUE limits are related to the frequency range. The OBUE limits for 52.6-71GHz needs to be studied.


	OTA transmitter spurious emission 
	9.7.5
	OTA transmitter spurious emissions (Category A) are not related to frequency range. 
-13 dBm can be the requirements for OTA transmitter spurious emissions (Category A) for 52.6-71GHz.

Currently, OTA transmitter spurious emissions (Category B) are defined for n258 and n259 with step frequencies.
It is FFS whether OTA transmitter spurious emissions (Category B) for 52.6-71GHz with step frequencies need to be defined.



4.2.x.3	BS Receiver characteristic
The following table 4.2.x.3-1 is the summary of initial consideration of the BS receiver requirements for 52.6-71 GHz in SI study.
Table 4.2.x.3-1: Initial consideration of the BS receiver requirements for 52.6-71 GHz
	Requirement
	Section in TS 38.104
	Consideration for requirement

	OTA reference sensitivity level
	10.3
	OTA reference sensitivity level (EISREFSENS) for FR2 is defined for all CBW/SCSs, and OTA reference sensitivity level (EISREFSENS) for FR2 is defined based on EISREFSENS_50M declared by vendor. The EISREFSENS_50M declared range is calculated according to the following equation, 
EISREFSENS_50M 
= -174dBm +10*log10(66*12*60*1000)+NF+2+(-1.1)-G

The OTA reference sensitivity levels (EISREFSENS), FRC, and SNR for FRC need to be studied when numerology/CBW for 52.6-71GHz is decided.
The NF, G in the equation needs to be studied. 


	OTA in-band selectivity and blocking
	10.5
	ACS and in-band blocking interference level need to be studied based on the simulation and implementation.


	OTA out-of-band blocking
	10.6
	Need to further study whether OTA out-of-band blocking for FR2 is applicable for for 52.6-71GHz.

	OTA receiver spurious emission 
	10.7
	Currently, OTA receiver spurious emissions are defined for n275, n258, n259, n260, and n261 with step frequencies (Fstep,X,x=1-6).
The OTA receiver spurious emissions and the step frequencies for NR operating bands in 52.6-71GHz need to be studied.
The step frequencies (Fstep,X,x=1-6) for NR operating bands in 52.6-71GHz need to be considered.


	OTA receiver intermodulation
	10.8
	The interferer levels for general receiver intermodulation for FR2 were derived by applying an offset of 8 dB below OTA in-band blocking levels. The 50MHz DFT-s-OFDM NR signal for FR2 as one of type of interfering signals.
The interferer levels for general receiver intermodulation can be offset of 8 dB below OTA in-band blocking levels.
If 50MHz CBW is supported for 52.6-71GHz, the 50MHz DFT-s-OFDM NR signal as one of type of interfering signals is feasible. Otherwise the minimum CBW DFT-s-OFDM NR signal is needed to be as one of interfering signals.


	OTA in-channel selectivity
	10.9
	For FR2, the ICS is agreed as 14dBc for all BS type, which is decided based on simulation results for IoT level for InH and Dense Urban at 30GHz, 45GHz, and 70GHz. 
So, for OTA in-channel selectivity for 52.6-71GHz,
14dBc ICS requirement can be reused for 52.6-71GHz for all BS type.
The OTA in-channel selectivity, FRC for ICS and the SNR for FRC need to be studied when numerology/CBW for 52.6-71GHz is decided.




<Unchanged texts omitted>

<End of Text Proposal>

