3GPP TSG-RAN WG4 Meeting #82
R4-1701205
Athens, Greece, 13th – 17th Febrary, 2017
Agenda item:

7.13.3.1
Source:

NTT DOCOMO, INC. 
Title:


Spurious emission requirements for eAAS
Document for:
Approval
1 Introduction
In the RAN4 meeting #81, EMC specifications for AAS Rel-14 were discussed in [1] and WF [2] regarding the EMC radiated spurious emission has been agreed. In the [2], it is proposed to study specifying total spurious emission as a linear sum of RF spurious emission and EMC radiated emission because both emissions can no longer be distinguished in the OTA region. 

In this contribution, we investigate and propose how to specify the spurious emission requirement in consideration of the linear sum of RF spurious emission and EMC radiated emission.
2 Agreed WF for spurious emissions [2]
In the agreed WF [2] in RAN4#81, the following proposals are described on the spurious emission.
“Proposal 4: Study further the following possibility:


· Since the RF spurious emissions and EMC radiated spurious emissions can no longer be distinguished, it is proposed to specify a combined spurious emission requirement as a linear sum of RF SE & EMC RE.
· Investiage further the implication of unifying EMC and spurious emissions.”
In the following clauses, we discuss how to specify the spurious emission requirement taking into account some aspects.
3 How to specify the spurious emission requirement
3.1 ITU-R recommendation for spurious emissions
According to ITU-R SM.329-12 [3], we can find the following descriptions on the spurious emissions for Category A limits.

 -----Start of excerpt from ITU-R SM.329-12-----
4.2
Category A limits

Table 2 indicates the maximum permitted levels of spurious domain emissions, appearing in RR Appendix 3, in terms of power of any unwanted component supplied by a transmitter to the antenna transmission line, except for space services which are currently shown as design limits; for the implementation date for the radiodetermination service; for deep space stations and for amateur stations. Some notes to Appendix 3 give specific direction on the application of the limits.

Spurious domain emission from any part of the installation other than the antenna and its transmission line should not have an effect greater than would occur if this antenna system were supplied with the maximum permitted power at that spurious domain emission frequency.

-----End of excerpt from ITU-R SM.329-12-----
“Power of any unwanted component supplied by a transmitter to the antenna transmission line” described above means RF spurious emission. Namely, the spurious emission requirement in Table 6.6.1.1.1-1 in TS 37.104 is based on Table 2 in ITU-R SM329-12. On the other hand, “Spurious domain emission from any part of the installation other than the antenna and its transmission line” means EMC radiated emission (EMC RE) and is distinguished clearly from RF SE.
Observation 1: RF SE and EMC RE are clearly distinguished in ITU-R SM.329-12. Existing RF SE is specified based on ITU-R SM.329-12.

3.2 Existing EMC Radiated Spurious Emission Requirements

 According to the existing AAS EMC specification [4], each requirement reuses the existing EMC requirement for Non-AAS and referring back to the existing UTRA, E-UTRA and MSR EMC specifications. Furthermore, according to TS 36.113 for E-UTRA, EMC radiated emission (EMC RE) from base stations is specified as follows:
-----start of excerpt from TS 36.113-----
8.2.1
Radiated emission, Base stations and Repeater

This test is applicable to Base station and Repeater. This test shall be performed on a representative configuration of the Base station or Repeater.

8.2.1.1
Definition

This test assesses the ability of BS and Repeater to limit unwanted emission from the enclosure port.

8.2.1.2
Test method

a)
A test site fulfilling the requirements of ITU-R SM. 329 [10] shall be used. The BS or Repeater shall be placed on a non-conducting support and shall be operated from a power source via a RF filter to avoid radiation from the power leads. 


Mean power of any spurious components shall be detected by the test antenna and measuring receiver (e.g. a spectrum analyser). At each frequency at which a component is detected, the BS or Repeater shall be rotated and the height of the test antenna adjusted to obtain maximum response, and the effective radiated power (e.r.p.) of that component determined by a substitution measurement. The measurement shall be repeated with the test antenna in the orthogonal polarization plane.

NOTE:
Effective radiated power (e.r.p.) refers to the radiation of a half wave tuned dipole instead of an isotropic antenna. There is a constant difference of 2,15 dB between e.i.r.p. and e.r.p.


e.r.p. (dBm)  e.i.r.p. (dBm)  2,15
Ref: ITU-R SM.329 ANNEX 1 [10].
….

8.2.1.3
Limits

The frequency boundary and reference bandwidths for the detailed transitions of the limits between the requirements for out of band emissions and spurious emissions are based on ITU-R Recommendations SM.329 [10] and SM.1539 [23].

The BS or the Repeater shall meet the limits below:

Table 8.2.1: Limits for radiated emissions from BS and repeater

	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz( f <1000 MHz
	-36 dBm/100 kHz

	1 GHz( f <12,75 GHz
	-30 dBm/ 1MHz

	Fc1 - 2.5 x BWChannel MHz < f < Fc2 + 2.5 x BWChannel MHz 
(Note 1)
	Not defined

	NOTE 1:
For BS capable of multi-band operation, the frequency ranges relating to the carriers of all supported bands apply.


-----End of excerpt from 36.113-----
Observation 2: According to the existing EMC specifications (TS 36.113), the minimum requirements for radiated emission from BS are specified as e.r.p of maximum response.

3.3 RF spurious emission requirement for Rel-14 AAS
 In the RAN4#81 meeting, RF spurious emission (RF SE) was discussed in [5] and following agreements for RF SE are described in Monday evening ad-hoc meeting minutes [6]. 

“Agreement: OBUE and Spurious emission (not co-location) should be defined as TRP metric.”
“Agreement: OTA spurious emission = Conducted spurious emission limit – Ls  Here, conducted spurious emission limit is the Rel-13 AAS spec, Ls is a loss factor.”
Conducted spurious emission limit can be found as below.
----- Start of excerpt from 37.104-----
6.6.1.1.1
Minimum requirement (Category A)

The power of any spurious emission shall not exceed the limits in Table 6.6.1.1.1-1

Table 6.6.1.1.1-1: BS Spurious emission limits, Category A

	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

	9kHz ‑ 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz ‑ 30MHz
	
	10 kHz 
	Note 1

	30MHz ‑ 1GHz
	
	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 [2] , s4.1

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

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


-----End of excerpt from 37.104-----
Observation 3: It is agreed that RF spurious emission is specified as TRP for Rel-14 AAS.
3.4 How to specify the spurious emission requirement in consideration of the linear sum of RF SE and EMC RE
 There are four metric combinations to specify RF SE and EMC RE as shown in Table 1, since mainly there are two kind of metrics (TRP or EIRP(e.r.p.)) in OTA region. As a fundamental issue, it is quite challenging to find e.r.p. or e.i.r.p. for RE SE and EMC RE respectively because RF SE and EMC RE are generated simultaneously and cannot distinguish in OTA region. Moreover, RF SE is much larger than EMC RE for Category A. Therefore, if we use the e.r.p. or EIRP metric for EMC RE, the corresponding angle for maximum e.r.p. or EIRP of EMC RE may not be identified. In addition, if we use EIRP metric for RF SE, the corresponding EIRP angle is the angle where the combination of RF SE and EMC SE becomes the maximum. Then, when we consider the linear sum of RE SE and EMC RE values, the only way is to define the spurious requirement as the sum of TRP values for RF SE and EMC RE in consideration of the linear sum of RF SE and EMC RE because TRP is not independent of angle. Moreover, any relaxation of limited level from EMC RE e.r.p. (e.g., -30 dBm/ 1MHz) for TRP is not acknowledged for keeping the equivalence with the existing EMC RE.
Table 1: Possible metric combinations
	RF SE metric
	EMC RE metric
	Issues (at RS SE >> EMC RE)

	TRP
	TRP
	

	TRP
	ERP or EIRP
	-Corresponding angle of EMC RE is not identified.

	EIRP
	TRP
	-Corresponding EIRP angle is the angle where the combination of RF SE and EMC SE becomes the  maximum.

	EIRP
	ERP or EIRP
	-Corresponding angle of EMC RE is not identified.

-Corresponding EIRP angle is the angle where the combination of RF SE and EMC SE becomes the maximum.


From above descriptions, it is considered that the requirement for existing EMC RE is specified not to have an effect greater than RF SE. In fact, as shown in the following example, the EMC RE has less impact on the total spurious emission when the linear sum of RF SE and EMC RE values is considered. 
The RF spurious emissions are specified in TS 37.105 as:

-----Start of of excerpt from 37.105-----

6.6.6.2
Minimum requirement for MSR operation

The MSR spurious emission basic limits are the same as those specified in TS 37.104 [9], sub-clauses 6.6.1.1, 6.6.1.2, 6.6.1.3 and 6.6.1.4

The spurious emission requirements for an MSR AAS BS are that for each TAB connector TX cell group and each applicable basic limit specified in TS 37.104 [9], the power summation emissions at the TAB connectors of the TAB connector TX cell group shall not exceed an AAS limit specified as the basic limit + 10log10(Ncountedpercell).
NOTE:
Conformance to the AAS spurious emission requirement can be demonstrated by meeting one or both of the following criteria as determined by the manufacturer:

1. The sum of the emissions power measured on each TAB connector in the TAB connector TX cell group shall be less than or equal to the AAS limit as defined in this sub-clause for the respective frequency span. 

Or

2. The unwanted emissions power at each TAB connector shall be less than or equal to the AAS limit as defined sub-clause for the respective frequency span, scaled by -10log10(n), where n is the number of TAB connectors in the TAB connector TX cell group.

-----End of excerpt from 37.105-----
When we think the frequency range of 1GHz to 12.75GHz, RF SE limit for Category A is -13dBm/MHz from Table 6.6.1.1.1-1 in TS 37.104. On the other hand, EMC RE limit is -30dBm/MHz from Table 8.2.1 in TS 36.113. In case of Ncountedpercell is 8, RE SE and EMC RE are followings:

RF SE  = -13 + 10log(8) = -4 dBm/MHz
EMC RE = -30 dBm/MHz (e.r.p.)
Total spurious emission = RF SE + EMC RE =-3.99 dBm/MHz
Therefore, the spurious requirement for Category A can be specified with the same values as RF SE requirements when the linear sum of RF SE and EMC RE values is considered. 

Observation 4: Because RF SE and EMC RE are generated simultaneously and cannot distinguish in OTA region, it is quite challenging to find e.r.p. or e.i.r.p. for RE SE and EMC RE, respectively. 

Proposal 1: The spurious requirement is specified as the sum of TRP values of RF SE and EMC RE.

Observation 5: Any relaxation of limited level from e.r.p. values for EMC RE TRP is not acknowledged for keeping the equivalence with the existing EMC RE.
Observation 6: It is considered that the requirement for existing EMC RE is specified not to have an effect greater than RF SE for Category A.
Proposal 2: The spurious limit of sum of RF and EMC for Category A should be specified with the same values of existing RF SE limit.
On RF SE requirements, there are some additional spurious emission requirements for the protection of system operating in frequency ranges other than the BS downlink operating band as shown in section 6.6.1.3 in TS 37.104. Even where the spurious emission requirement is defined as the sum of RF SE and EMC SE, the additional spurious emission requirements should be specified with the same values as RF SE requirements because the additional spurious requirement is needed to be specified independently from the general spurious emission requirement. .

Proposal 3: The additional spurious emission requirements should be specified with the same values as existing RF SE requirements even where the general spurious emission requirement is specified as the linear sum of RF SE and EMC SE.
4 Conclusion
This contribution proposed how to specify the spurious emission requirement in consideration of the linear sum of RF spurious emission and EMC radiated emission.

From ITU-R recommendation, the existing specifications and agreements, following observations were obtained.
Observation 1: RF SE and EMC RE are clearly distinguished in ITU-R SM.329-12. Existing RF SE is specified based on ITU-R SM.329-12.

Observation 2: According to the existing EMC specifications (TS 36.113), the minimum requirements for radiated emission from BS are specified as e.r.p of maximum response.

Observation 3: It is agreed that RF spurious emission is specified as TRP for Rel-14 AAS.
Observation 4: Because RF SE and EMC RE are generated simultaneously and cannot distinguish in OTA region, it is quite challenging to find e.r.p. or e.i.r.p. for RE SE and EMC RE, respectively. 

Therefore,

Proposal 1: The spurious requirement is specified as the sum of TRP values of RF SE and EMC RE.

On the other hand, regarding the requirement for EMC RE TRP, the observations are followings:
Observation 5: Any relaxation of limited level from e.r.p. values for EMC RE TRP is not acknowledged for keeping the equivalence with the existing EMC RE.
Observation 6: It is considered that the requirement for existing EMC RE is specified not to have an effect greater than RF SE for Category A.
Therefore,

Proposal 2: The spurious limit of sum of RF and EMC for Category A should be specified with the same values of existing RF SE limit.
In addition, on additional spurious emission requirements, we proposed
Proposal 3: The additional spurious emission requirements should be specified with the same values as existing RF SE requirements even where the general spurious emission requirement is specified as the linear sum of RF SE and EMC SE.
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