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TSG RAN WG4 (RAN4) would like to provide CEPT/ECC PT1 with additional feedback on the issues Category B Spurious emission limits for sub 6GHz AAS base stations. RAN4 has previously given feedback to CEPT/ECC PT1 on spurious emissions for AAS mm wave systems [1] where it was also noted that 

NR specifications cover also Frequency Range 1 (below 6 GHz). The details of the sub 6GHz spurious emissions requirements however were not provided so RAN4 would like to further describe the requirements and the background for the sub-6GHz spurious emissions requirements, with the understanding that the revision of ERC Recommendation 74 01 is ongoing in SE21.
Hybrid AAS BS
AAS BS requirements were originally derived for UTRA/E-UTRA and MSR requirements, these have since then been used as the basis for the AAS BS requirements for NR.

One of the objectives of the first AAS work item in RAN4 was to identify the correct reference point (conducted or radiated) to apply AAS BS requirements. The result of this initial work item was an AAS BS architecture which had both a conducted and a radiated interface, this is now referred to as a hybrid AAS BS.
The hybrid AAS BS requirements are intended to cover any implementation of AAS BS from a single TRX system to a multi-TRX system.

Conducted requirements for Hybrid BS are applied at the conducted interface (so called transceiver array boundary) and are designed such that a single transceiver AAS BS will have identical conducted requirements as the conducted requirements of a non-AAS transceiver.

Two Radiated requirements were added which are intended to specify the interaction between the antenna array subsystems which are integral to any coherent beam forming performance.
The spurious emission requirements are part of the conducted requirement set and are practically identical to the requirements for a non-AAS system with the same number of transceivers. The hybrid AAS BS requirements however consider all the transceivers as a system rather than as individual transceivers. Emissions requirements are applied to the sum of the emissions from each connector rather than per connector, although it is possible to demonstrate conformance per connector if desired. 

The scaling is applied to account for the difference in the specified entity rather than to introduce relaxation. The AAS BS requirement however limits the scaling so that if the AAS BS has a number of transceivers which exceeds the practical limit for a non-AAS system the level of emissions cannot grow beyond those expected from a non-AAS system. 

The scaling cap of 8 is based on the maximum number of spatial multiplexing layers specified in release 12 E-UTRA requirements and used for non-AAS BSs.

OTA AAS BS
On conclusion of the initial AAS BS specification it was identified that a full Over The Air (OTA) AAS BS specification (Radiated requirements) would be necessary as the higher frequencies and large number of transceivers units renders the conducted interface impractical.

The goal of the OTA AAS BS requirements was based on migrating the existing R13 AAS BS conducted requirements to Over The Air requirements which provide the same level of performance and protection as the rel-13 AAS BS requirements.

The OTA AAS BS requirements therefore contain the same scaling cap as the hybrid AAS BS requirements. As the OTA AAS BS requirements were developed to specify systems with large number of transceiver units OTA AAS BS architecture was limited to systems with 8 or more transceivers and hence the scaling cap could be simplified to a fixed scaling factor of 8 (or 9dB).
E-UTRA Spurious emissions limits 
In the original E-UTRA AAS BS specification it was identified that in some cases regulation restrictions existed with respect to MIMO transmission which prohibit the use of scaling. These restrictions are based on MIMO transmission and are equally applicable to both AAS and non-AAS systems. The 3GPP requirements allow for such exceptions, which were only identified for CAT A requirements. And no exceptions were identified for  CAT B, the specification TS 37.105 captures this as follows:
9.7.6.2.1.1
Minimum requirement (Category A)

The TRP of any spurious emission shall not exceed the limits in table 9.7.6.2.1.1-1

Table 9.7.6.2.1.1-1: AAS BS OTA Spurious emission limits, Category A

	Frequency range
	Maximum level
	Measurement Bandwidth
	NOTE

	30MHz ‑ 1GHz
	-13 + X dBm

NOTE 4,
	100 kHz
	NOTE 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	NOTE 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz


	NOTE 2, NOTE 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [14] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [14] , s4.1. Upper frequency as in ITU-R SM.329 [14] , s2.5 table 1

NOTE 3:
Applies only for Bands 22, 42 and 43.

NOTE 4:
X = 9 dB for E-UTRA, X = 6 dB for UTRA. With the exception of operation in Region 2 where the FCC guidance for MIMO systems in [18] is applicable and any other territories where regulation requires, X=0dB. 


9.7.6.4.1.2
Minimum Requirement (Category B)

The TRP of any spurious emission shall not exceed the limits in table 9.7.6.4.1.2-1

Table 9.7.6.4.1.2-1: AAS BS OTA Spurious emissions limits, Category B

	Frequency range
	Maximum Level
	Measurement Bandwidth
	Notes

	30 MHz ( 1 GHz
	-27 dBm


	100 kHz
	NOTE 1

	1 GHz ( 12.75 GHz
	-21 dBm


	1 MHz
	NOTE 2

	12.75 GHz ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	-21 dBm


	1 MHz
	NOTE 2, NOTE 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [14] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [14] , s4.1. Upper frequency as in ITU-R SM.329 [14] , s2.5 table 1 

NOTE 3:
Applies only for Bands 22, 42 and 43.


NR Spurious emissions limits 
The NR specification uses a similar approach but allows for regulator exceptions for both class A and class B requirements; TS 38.104 captures this as follows:
9.7.5.2.2
General OTA transmitter spurious emissions requirements

The Tx spurious emissions requirements for BS type 1-O are that for each applicable basic limit in subclause 6.6.5.2.1, the TRP of any spurious emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB, unless stated differently in regional regulation.

The basic limits that are scaled above to derive General OTA spurious emissions requirements are captured in TS38.104 subclause 6.6.5.2.1 as follows:

6.6.5.2.1
General transmitter spurious emissions requirements

The basic limits of either table 6.6.5.2.1-1 (Category A limits) or table 6.6.5. 2.1-2 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for Operating band unwanted emissions in subclause 6.6.4.

Table 6.6.5.2.1-1: BS spurious emission limits in FR1, Category A

	Spurious frequency range
	 Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	-13 dBm
	1 kHz
	Note 1, Note 4

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1, Note 4

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz   12.75 GHz
	
	1 MHz
	Note 1, Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:
Measurement bandwidths as in ITU-R SM.329 [2], s4.1.

NOTE 2:
Upper frequency as in ITU-R SM.329 [2], s2.5 table 1. 

NOTE 3: 
Applies only for operating bands for which the 5th harmonic of the upper frequency edge is reaching beyond 12.75 GHz. 

NOTE 4: This spurious frequency range applies only to BS type 1-C and BS type 1-H.


Table 6.6.5.2.1-2: BS spurious emission limits in FR1, Category B

	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	-36 dBm
	1 kHz
	Note 1, Note 4

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1, Note 4

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz – 12.75 GHz
	-30 dBm


	1 MHz
	Note 1, Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:
Measurement bandwidths as in ITU-R SM.329 [2], s4.1.

NOTE 2:
Upper frequency as in ITU-R SM.329 [2], s2.5 table 1. 

NOTE 3: 
Applies only for operating bands for which the 5th harmonic of the upper frequency edge is reaching beyond 12.75 GHz. 

NOTE 4: This spurious frequency range applies only to BS type 1-C and BS type 1-H.


Whilst the E-UTRA and the NR specifications have slightly different format this is mainly due to the scope of the respective specifications. And it can be clearly seen that the same scaling of 9dB has been adopted for LTE and NR AAS BS.

RAN4 respectfully asks CEPT/ECC PT1 to take the above information into account in its future discussion and welcomes further updates on the revision of ERC Recommendation 74 01 and is willing to provide further information if requested. 
Dates of Next TSG-RAN WG4 Meetings:

TSG-RAN WG4 Meeting #89
12 – 16 November 2018
Spokane, WA, U.S.
TSG-RAN WG4 Meeting #90
25 February – 01 March 2018
Athens, Greece
References

[1] 
“LS on Field measurement of TRP regulatory limits and Category B Spurious emission limits”, LS from RAN WG4 to CEPT/ECC PT1 (cc: TSG RAN, ETSI TC MSG TFES, ETSI TC ERM, CEPT/ECC WG SE, CEPT/ECC WG SE21), Document R4-1811823.

�From TR 37.842 subclause 8.2.6


“The number of active transmitter units is the number of transmitter units which are ON, and have the ability to send parallel and distinct modulated data streams to the TAB connectors at the transceiver array boundary. 


It is captured in the core specification that the compliance to the requirement can be shown as either:


-	the unwanted emissions power at each TAB connector should be less than or equal to the emissions limit as defined above scaled by -10log10(n), where n is the number of TAB connectors in the TAB connector TX min cell group; or


-	the sum of the emissions power measured on each TAB connector in the TAB connector TX min cell group should be less than or equal to the emissions limit as defined above.


The fixed attribute of 8 in the scaling factor NTXU is based on the maximum number of layers/streams specified in 3GPP Rel-12 specifications. The scaling function may be further reconsidered for future releases if the maximum number of layers/streams supported is changed.


”





