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1 Introduction
Based on the WF on in-band and out-of-band boundary in [2] which was approved during RAN4#84bis, it is proposed to capture the AAS related agreements on Tx ΔfUEM and Rx ΔfOOB (as extracted from [2] below) in the TR 37.843. 




The following modification were introduced: 
· Section 5.6.5.2: ΔfUEM values for the boundary between OBUE and TX spurious emission regions
· Section 5.6.6.2: update to the TX spurious emission region
· Section 6.5.2.3: Updated out of band region for blocking requirement
In this contribution we provide TP to TR 37.843 on the updated in-band and out-of-band boundaries for AAS BS.
Please note that the following related contribution was also generated: 
· [3] TP to draft Rel-15 TS 37.114: Exclusion bands: consideration of the updated OoB region for the RX exclusion bands section in the eAAS EMC specification
2 Conclusion
Based on the above introduction, the following is proposed:
Proposal 1: approve the attached TP to TR 37.843 on in-band and out-of-band boundary for AAS BS.
3 References
3GPP TR 37.843 v0.6.0
R4-1711779			WF on in-band and out-of-band boundary, RAN4#84bis
R4-1713817			TP to draft Rel-15 TS 37.114: Exclusion bands


TP to the TR 37.843
In this section, TP to the TR 37.843 is proposed for approval.
------------------------------ Modified section ------------------------------
[bookmark: _Toc496014721]5.6.5 	Operating band unwanted emission
[bookmark: _Toc496014722]5.6.5.1 	Background information on the conducted requirement
Based on the conducted operating band unwanted emission (OBUE) requirement specified in TS 37.105 [3] for single RAT E-UTRA or for MSR operation, the OBUE limits are defined from 10 MHz below the lowest frequency of each supported downlink operating band to the lower Base Station RF Bandwidth edge located at FBW RF,low and from the upper Base Station RF Bandwidth edge located at FBW RF,high  up to 10 MHz above the highest frequency of each supported downlink operating band. 
There is no operating band unwanted emission requirement for a single RAT UTRA FDD AAS BS, single RAT UTRA TDD AAS BS, nor MSR AAS BS operating in UTRA (FDD or TDD).
[bookmark: _Toc470774809][bookmark: _Toc496014723]5.6.5.2	Operating band unwanted emission OTA: Core requirement
The operating band unwanted emissions level for the OTA requirement can be derived as: 
OTA OBUE limit = Conducted OBUE limit
Where:
· Conducted OBUE limit is the AAS limit as defined in TS 37.105 [3] specification

Based on the discussion on the boundary between in-band and out of band region for NR FR1 operation, the ΔfUEM values for the boundary between OBUE and TX spurious emissions were agreed for non-AAS and AAS BS implementations, as presented in table 5.6.5.2-1. Those ΔfUEM values are applicable to conducted and radiated requirements for AAS BS in single RAT E‑UTRA operation and to AAS BS in MSR operation using E-UTRA. Those ΔfUEM values are applicable for all E-UTRA operating bands, except Band 46.
Table 5.6.5.2-1: ΔfUEM values for the boundary between OBUE and TX spurious emission regions
	
	E-UTRA (Single-RAT, MSR)

	
	non-AAS BS
	AAS BS 

	ΔfUEM
	Operating band <100 MHz
	10 MHz

	
	100 MHz ≦ Operating band ≦ 200 MHz
	10 MHz
	40 MHz



[bookmark: _Toc496014724]5.6.5.3	Operating band unwanted emission OTA: Conformance requirement
Using TRP as a figure of merit to provide equivalent OBUE performance and protection to that of the existing conducted requirement, the conducted requirements can be adopted by translating the test procedure and requirement from TS 37.145-1 [24], sub clause 6.6.5 into the spatial domain.
In order that the requirement is measurable, the total power OBUE may be approximated as the sum of the EIRP at a number of discrete directions on the sphere around the DUT as follows:

, where EIRPOBUE is the filtered mean power within the OBUE region and p1 and p2 denotes two orthogonal polarizations.
The number of discrete points required for conformance of the OBUE OTA being defined as the TRP requirement is subject to the TRP sampling grid discussion in sub-clause 10.4. 
------------------------------ Next modified section ------------------------------
[bookmark: _Toc496014725]5.6.6 	Transmitter spurious emissions
[bookmark: _Toc496014726]5.6.6.1 	Background information on the conducted requirement
According to TS 37.105 [3], the transmitter spurious emission limits for the hybrid AAS BS operating bands apply in the frequency range from 9 kHz to 12.75 GHz, with consideration of the following exceptions: 
· Unwanted emissions: the spurious requirements apply at frequencies within the above specified frequency range with the exception of the UTRA spectrum emission mask (SEM) and E-UTRA operating band unwanted emissions (OBUE) ranges as specified below: 
· UTRA TDD BS 1.28 Mcps option as specified in TS 25.105 [20]: from 4 MHz below the lowest frequency of each operating band to 4 MHz above the highest frequency of each operating band.
· UTRA TDD BS 3.84 Mcps option as specified in TS 25.105 [20]: from more than 12.5 MHz under the lowest carrier frequency used or more than 12.5 MHz above the highest carrier frequency used.
· UTRA TDD BS 7.68 Mcps option as specified in TS 25.105 20]: from more than 25 MHz under the lowest carrier frequency used or more than 25 MHz above the highest carrier frequency used.
· UTRA FDD BS as specified in TS 25.104 [19]: from 12.5MHz below the lowest carrier frequency used up to 12.5MHz above the highest carrier frequency used.
· E-UTRA BS as specified in TS 36.104 [8]: from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
· MSR BS as specified in TS 37.104 [7]: from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
· Upper frequency limit of the spurious range: in order to comply with the SM.329 recommendation [18], in case of spurious emissions requirement for certain operating bands, the upper limit of the spurious range is extended beyond 12.75GHz to the limit of 5th harmonic (but not higher than 26GHz). For more details on the upper limit setting in those cases, refer to SM.329 [18].
For AAS BS capable of multi-band operation where multiple bands are mapped on the same antenna connector, this exclusion applies for each supported operating band.  
[bookmark: _Toc496014727]5.6.6.2	Transmitter spurious emissions OTA: Core requirement 
The metric used to capture transmitter spurious emissions OTA is TRP.   
The emission levels and the measurement bandwidths for the transmitter spurious emissions OTA requirement are based on the conducted requirements specified in TS 37.105 [3]. 
In case of OTA AAS BS requirement, emission levels are subject to fixed scaling factor (FSF), as described in sub-clause 5.6.1.2. The Tx spurious emissions level for the OTA requirement can be derived as: 
OTA Tx spurious emissions limit = Conducted Tx spurious emissions limit + 10*log10(FSF) 
Where:
· Conducted Tx spurious emissions limit: the AAS limit as defined in TS 37.105 [3] specification, 
· FSF: Fixed Scaling Factors for the OTA AAS BS. For UTRA the FSF = 4, for E-UTRA the FSF = 8,

Therefore the resulting OTA Tx spurious emissions limit can be derived as: 
· UTRA: OTA Tx spurious emissions limit = Conducted Tx spurious emissions limit + 6 dB
· E-UTRA: OTA Tx spurious emissions limit = Conducted Tx spurious emissions limit + 9 dB
The core requirement for the transmitter spurious emissions OTA is applied over 30 MHz to 12.75 GHz range, with consideration of the SEM and OBUE exceptions, and the operating band specific upper limit extensions of the spurious range, as defined in subclause 5.6.6.1.
Based on the discussion on the boundary between in-band and out of band region for NR FR1 operation, the ΔfUEM values for the boundary between OBUE and TX spurious emissions were agreed for non-AAS and AAS BS implementations, as presented in table 5.6.5.2-1. Those ΔfUEM values are applicable to conducted and radiated requirements for AAS BS in single RAT E‑UTRA operation and to AAS BS in MSR operation using E-UTRA. Those ΔfUEM values are applicable for all E-UTRA operating bands, except Band 46.

Where requirements for co-existence with other systems apply, the metric shall be TRP and the OTA requirement shall be based on the conducted requirements specified in TS 37.105 [3] for co-existence, subjected to fixed scaling as described in sub-clause 5.6.1.2.  TRP has been identified as the most suitable metric for spurious emissions. This is due to the fact that decorrelation between emissions of different transmitter units, different antenna response in the spurious domain and time varying beamforming averages out the spatial pattern of the unwanted emissions. Coexistence studies indicate that degradation to other systems is generally related to the total amount of radiated interference. Furthermore the existing conducted requirement captures TRP. Transmitter spurious emissions such as co-location requirements or regional requirements are FFS.
[bookmark: _Toc496014728]5.6.6.3 	Transmitter spurious emissions OTA: Conformance requirement 
In order that the requirement is measurable the total radiated power as defined in subclause 5.1.1 may be approximated as the sum of the EIRP at a number of discrete directions around the sphere as follows:
[image: ] , where EIRPe is the filtered mean emission power in the spurious domain and p1 and p2 denotes two orthogonal polarizations.
An approximation of TRP measurement can be achieved by sampling discrete EIRP measurements surrounding the AAS BS.  The use of discrete sampling grid for the TRP approximation is motivated by the observation that in the spurious domain there will be no coherent beam forming, as the AAS BS are designed to form beams based on superposition of signals from individual transceivers in TRXU array in their in-band frequency ranges, while in the spurious domain those signals are expected to be sufficiently uncorrelated. The number of discrete points required for conformance of the SEM OTA being defined as the TRP requirement is subject to the TRP sampling grid discussion in sub-clause 10.4.
Conformance requirement for the TX spurious requirement OTA will be composed as a single requirement together with the EMC RE requirement OTA, as there is no possibility to separate those requirements in OTA test setup. The resulting test requirement will be subject to single test setup and single measurement procedure. Definition of the conformance requirement will be subject to TRP MU, where the MU definition is FFS. For more details on the EMC RE requirement, refer to clause 8.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc496014757]6.5.2 	Out-of-band blocking OTA core requirement
[bookmark: _Toc496014758]6.5.2.1	Interferer level
There are a number of considerations which make translating the conducted requirement to an OTA requirement challenging:
· The out of band antenna gain is unknown.
· The PL at high frequencies (i.e. up to 12.75GHz) means that the radiated power levels required to provide -15dBm at conducted point are unfeasibly high.
Clearly the interferers are present irrespective of the victim antenna gain, the original levels assumed that the victim antenna gain was the same as the in band gain, but no analysis was done at very high (or low) frequencies.  This was acceptable considering the conducted requirement and the fact it is difficult to estimate out of band antenna gain. However with the OTA requirement it is not necessary to estimate antenna gain so the power level of the original OTA interfere can be considered.
This also applied to point 2 where it is clearly unnecessary for the requirement OTA interfere to be at a higher power level than the transmission which is the source of the requirement.
For the purposes of the OTA requirement it is useful to consider that the interferer power level is specified at a fixed distance from the AAS BS. This distance does not have to be representative of either the actual minimum distance of the interferer source or be at the same power level (of the interferer). The distance and the level can be adjusted to ensure the requirement presents a worst case requirement for the worst case interferer levels. 
For frequencies outside the operating band width of the antenna the exact antenna gain is unknown, however if we know that the antenna physical aperture is constant. Antenna gain based on aperture can be calculated as follows:

, where Aphys is the physical antenna aperture, and ea is the radiation efficiency.
Free space path loss is given by

 where d is the distance in metres.
The resultant of the antenna gain and the path loss is given by:


In practice the radiation efficiency is not the same at all frequencies (as antenna elements will be tuned) but is a reasonable worst case simplification we can use. Hence we can assume that the wavelength dependency the path loss and the antenna gain cancel each out to and worst case a fixed interferer power at a fixed distance will result in a fixed equivalent conducted level.
Analysis shows that the worst case interferers are still other 3GPP BS and WLAN systems
For BS to BS the OTA interference power level is given by the co-existence scenario at 288m i.e. 43dBm+13dBi-6dB=50dBm.
The WLAN interference can be calculated based on BS to UE minimum distance and the WLAN Tx power, WLAN is specified in EIRP rather than total power, the value is 30dB EIRP hence the interference power level can be calculated as 30dBm (EIRP) at a distance of 42m.
For example: these 2 requirements can be resolved to a single worst case power level a suitable fixed distance for the specification for example at 10m
	BS to BS = 50dBm -20*log10(10/288) = -50 -29.2 = 20.8dBm
	WLAN = 30 – 20*log10(10/42) = 30 – 12.5 = 17.5dBm
The exact level and distance for the requirement are FFS.
[bookmark: _Toc496014759]6.5.2.2	Wanted signal level and direction
As with the in-band blocking requirements whist during operational conditions it is unlikely that the wanted signal and the interferer will be in the same direction for the purposes of defining the RF requirement they can be considered to be in the same direction.
The impact of the blocking interfere on the system sensitivity is largest when the wanted signal is at its lowest level. The wanted signal is therefore defined at [minSENS] + 6dB.
For practical purposes the OTA wanted signal level is only specified within the declared RoAoA, the direction of the RoAoA will coincide with the direction of the antenna maximum gain, this can be assumed to apply for out of band performance as well as in band performance. The out of band blocking requirements are hence only specified over the receiver RoAoA associated with [minSENS].
6.5.2.3	Out of band region
Based on the discussion on the boundary between in-band and out of band region for NR FR1 operation, the ΔfOOB values for the out of band blocking were agreed for non-AAS and AAS BS implementations, as presented in table 5.6.2.3-1. Those ΔfOOB values are applicable to conducted and radiated requirements for AAS BS in single RAT E‑UTRA operation and to AAS BS in MSR operation using E-UTRA. Those ΔfOOB values are applicable for all E‑UTRA operating bands, except Band 46.
Table 5.6.2.3-1: ΔfOOB values the out of band blocking
	
	E-UTRA (Single-RAT, MSR)

	
	non-AAS BS
	AAS BS 

	ΔfOOB
	Operating band <100 MHz
	20 MHz
	20 MHz

	
	100 MHz ≦ Operating band ≦ 200 MHz
	20 MHz
	60 MHz



------------------------------ End of modified sections ------------------------------
Microsoft_PowerPoint_Presentation1.pptx
Agreements on Tx

		 				E-UTRA				NR		

						37.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		37.104/141
(non-AAS type(1-C))		37.105/145-1/145-2
(AAS type(1-H/1-O))

		ΔfUEM		Operating band <100MHz		10MHz		10MHz		10MHz		10MHz

				100MHz≦Operating band ≦200MHz		10MHz		40MHz		10MHz		40 MHz

				200MHz<Operating band ≦900MHz						40MHz		40MHz

				900MHz<Operating band								



Agreements of the boundary between OBUE and spurious emissions are summarized in below tables. 

The boundary is valid regardless of whether it is single-RAT case or MSR case, and NR new band or refarming band.

If wider band(s) than current maximum bandwidth of Band is specified, the values of the boundary should be discussed. (Wider than 200MHz for E-UTRA, wider than 900MHz for NR)

		 				E-UTRA				NR		

						36.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		38.104/141
(non-AAS type(1-C))		38.104/141
(AAS type(1-H/1-O))

		ΔfUEM		Operating band <100MHz		10MHz		10MHz		10MHz		10MHz

				100MHz≦Operating band ≦200MHz		10MHz		40MHz		10MHz		40 MHz

				200MHz<Operating band ≦900MHz						40MHz		40MHz

				900MHz<Operating band								



 Table 1: ΔfUEM (NR or E-UTRA single-RAT case).

 Table 2: ΔfUEM (NR and E-UTRA MSR case).





Agreements on Rx 

Agreements of the in-band / out of band boundary are summarized in below tables. 

The boundary is valid regardless of whether it is single-RAT case or MSR case, and NR new band or refarming band.

If wider band(s) than current maximum bandwidth of Band is specified, the values of the boundary should be discussed. (Wider than 200MHz for E-UTRA, wider than 900MHz for NR)



		 				E-UTRA				NR		

						37.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		37.104/141
(non-AAS type(1-C))		37.105/145-1/145-2
(AAS type(1-H/1-O))

		ΔfOOB		Operating band <100MHz		20MHz		20MHz		20MHz		20MHz

				100MHz ≤ Operating band 
≤ 200MHz		20MHz		60MHz		20MHz		60MHz

				200MHz<Operating band 
≤ 900MHz						60MHz		60MHz

				900MHz<Operating band								



		 				E-UTRA				NR		

						36.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		38.104/141
(non-AAS type(1-C))		38.104/141
(AAS type(1-H/1-O))

		ΔfOOB		Operating band <100MHz		20MHz		20MHz		20MHz		20MHz

				100MHz ≤ Operating band  ≤ 200MHz		20MHz		60MHz		20MHz		60MHz

				200MHz<Operating band 
≤ 900MHz						60MHz		60MHz

				900MHz<Operating band								



 Table 3: ΔfOOB (NR or E-UTRA single-RAT case).

 Table 4: ΔfOOB (NR and E-UTRA MSR case).







Agreements on Tx






image2.emf
Agreements on Rx  •

Agreements of the in-band / out of band boundary are summarized in below tables. 

•

The boundary is valid regardless of whether it is single-RAT case or MSR case, and NR new 

band or refarming band.

•

If wider band(s) than current maximum bandwidth of Band is specified, the values of the 

boundary should be discussed. (Wider than 200MHz for E-UTRA, wider than 900MHz for NR)

E-UTRA NR

37.104/141

(non-AAS type)

37.105/145-1/145-2

(AAS type)

37.104/141

(non-AAS type(1-C))

37.105/145-1/145-2

(AAS type(1-H/1-O))

Δf

OOB

Operating band <100MHz

20MHz 20MHz 20MHz 20MHz

100MHz ≤ Operating band 

≤ 200MHz

20MHz 60MHz 20MHz 60MHz

200MHz<Operating band 

≤ 900MHz

60MHz 60MHz

900MHz<Operating band

E-UTRA NR

36.104/141

(non-AAS type)

37.105/145-1/145-2

(AAS type)

38.104/141

(non-AAS type(1-C))

38.104/141

(AAS type(1-H/1-O))

Δf

OOB

Operating band <100MHz

20MHz 20MHz 20MHz 20MHz

100MHz ≤ Operating band 

≤ 200MHz

20MHz 60MHz 20MHz 60MHz

200MHz<Operating band 

≤ 900MHz

60MHz 60MHz

900MHz<Operating band

Table 3: Δf

OOB

(NR or E-UTRA single-RAT case).

Table 4: Δf

OOB

(NR and E-UTRA MSR case).
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Agreements on Rx 

Agreements of the in-band / out of band boundary are summarized in below tables. 

The boundary is valid regardless of whether it is single-RAT case or MSR case, and NR new band or refarming band.

If wider band(s) than current maximum bandwidth of Band is specified, the values of the boundary should be discussed. (Wider than 200MHz for E-UTRA, wider than 900MHz for NR)



		 				E-UTRA				NR		

						37.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		37.104/141
(non-AAS type(1-C))		37.105/145-1/145-2
(AAS type(1-H/1-O))

		ΔfOOB		Operating band <100MHz		20MHz		20MHz		20MHz		20MHz

				100MHz ≤ Operating band 
≤ 200MHz		20MHz		60MHz		20MHz		60MHz

				200MHz<Operating band 
≤ 900MHz						60MHz		60MHz

				900MHz<Operating band								



		 				E-UTRA				NR		

						36.104/141
(non-AAS type)		37.105/145-1/145-2
(AAS type)		38.104/141
(non-AAS type(1-C))		38.104/141
(AAS type(1-H/1-O))

		ΔfOOB		Operating band <100MHz		20MHz		20MHz		20MHz		20MHz

				100MHz ≤ Operating band  ≤ 200MHz		20MHz		60MHz		20MHz		60MHz

				200MHz<Operating band 
≤ 900MHz						60MHz		60MHz

				900MHz<Operating band								



 Table 3: ΔfOOB (NR or E-UTRA single-RAT case).

 Table 4: ΔfOOB (NR and E-UTRA MSR case).
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Agreements on Tx E-UTRA NR

37.104/141

(non-AAS type)

37.105/145-1/145-2

(AAS type)

37.104/141

(non-AAS type(1-C))

37.105/145-1/145-2

(AAS type(1-H/1-O))

Δf

UEM

Operating band <100MHz

10MHz 10MHz 10MHz 10MHz

100MHz

≦

Operating band 

≦

200MHz

10MHz 40MHz 10MHz 40 MHz

200MHz<Operating band 

≦

900MHz

40MHz 40MHz

900MHz<Operating band

•

Agreements of the boundary between OBUE and spurious emissions are summarized in 

below tables. 

•

The boundary is valid regardless of whether it is single-RAT case or MSR case, and NR new 

band or refarming band.

•

If wider band(s) than current maximum bandwidth of Band is specified, the values of the 

boundary should be discussed. (Wider than 200MHz for E-UTRA, wider than 900MHz for NR)

E-UTRA NR

36.104/141

(non-AAS type)

37.105/145-1/145-2

(AAS type)

38.104/141

(non-AAS type(1-C))

38.104/141

(AAS type(1-H/1-O))

Δf

UEM

Operating band <100MHz

10MHz 10MHz 10MHz 10MHz

100MHz

≦

Operating band 

≦

200MHz

10MHz 40MHz 10MHz 40 MHz

200MHz<Operating band 

≦

900MHz

40MHz 40MHz

900MHz<Operating band

Table 1: Δf

UEM

(NR or E-UTRA single-RAT case).

Table 2: Δf

UEM

(NR and E-UTRA MSR case).


