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1
Introduction
The definition of spurious emissions requirements for mmWave NR UEs has spanned a number of RAN4 meetings. With the reception of an LS on this topic from WP5D, the RAN4 activity has been focused on preparing a response based on technical consensus among the interested companies.
This contribution provides our inputs to the discussion.

2
Discussion
2.1
Background

The 3GPP RAN input to WP5D on spectrum sharing for frequencies in the mmWave range has captured the following table of parameters [2]:
	No.
	Parameter
	IMT-2020 (Mobile station)

	
	Band of operation
	24.24 – 33.4 GHz
	37 – 52.6 GHz
	66 – 86 GHz

	4
	Transmitter characteristics
	

	4.1
	Power dynamic range (dB)
	63 dB

	4.2
	Spectrum mask (Note 1)
	See Table 8.

	4.3
	ACLR (Note 1)
	17 dB
	16 dB
	15 dB

	4.4
	Spurious emissions (Note 1)
	-13 dBm/MHz


	5
	Receiver characteristics
	

	5.1
	Noise figure
	10 dB
	12 dB
	14 dB

	5.2
	Sensitivity
	-
	-
	-

	5.3
	Blocking response
	(Note 2)
	(Note 2)
	(Note 2)

	5.4
	ACS 
	22.5 dB
	21.5 dB
	20.5 dB

	5.5
	SINR operating range
	The SINR mapping function is given below.

	Note 1: Unwanted emissions requirements are defined as Total Radiated Power (TRP).

Note 2: Blocking response can be derived from the ACS and NF as being: UE noise floor + NF + ACS + 4.7dB. 
Assumed interfering signal bandwidth is the same as the wanted signal channel BW (200MHz), assumed interfering signal centre frequency offset to the wanted signal edge is at least 300MHz.


We note two aspects:

· The LS had identified 86 GHz as the upper limit of the frequency range under discussion
· The 3GPP agreement that unwanted emissions requirements are defined as TRP
The agreement on SEM defined the spurious boundary in [3]: 
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Agreements on the mmWave spurious emissions requirement during RAN4 NR AH #2 [4]:
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Agreements the mmWave spurious emissions target values for MPR evaluations during RAN4 NR AH #2 [5]:
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The WP5D LS on spurious emissions [6]:
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2.2
Reference bandwidth

Since spurious emissions measurements span the frequency range from 30 MHz to the second harmonic of the radio, there is an interest to align the measurement procedure for the mmWave radio in these low bands.

Proposal 1: To align with the sub-6 spurious requirement methodology, maintain the same reference bandwidth until the 2nd harmonic of 6 GHz, such that for the frequency range of 30 MHz to 12 GHz ref BW = 1 MHz.
Proposals to consider specifying a limit for emissions over an integration bandwidth were presented in [7], and a decision on this approach may impact the reference bandwidth.
Proposal 2: If the spurious emission limit is defined as an integrated value over a given frequency range in the spurious domain, then the reference bandwidth for these ranges needs to be clarified.
2.4
Requirement structure
The agreement on the spectrum emission mask captured a definition of the spurious boundary. However, an explicit agreement on the definition of the spurious boundary is needed in the specification.

Proposal 3: The boundary between the out of band and spurious domain is defined according to the 250% channel bandwidth rule given in Table 1 below.

Table 1: Spurious domain boundary
	Channel bandwidth (MHz)
	FOOB (MHz)

	50
	125

	100
	250

	200
	500

	400
	1000


Based on previous discussions, it seems reasonable that the UE should satisfy the general spurious emission requirement based on the Category A limit of -13 dBm/MHz and the additional spurious emission requirement based on a value yet to be determined in specific deployments.
Proposal 4: The Category A limit of -13 dBm/MHz is proposed for the general spurious emission limits applicable to all mmWave UEs.
Proposal 5: The new Category B limit of TBD dBm/TBD MHz is proposed for the additional spurious emission requirement applicable to mmWave UEs operating in a network which requires compliance with the Category B limit.
In the LTE specification the case of uplink MIMO is considered such that the spurious requirement is defined per antenna connector. Since mmWave RF requirements are defined OTA, the applicability of this formulation of the requirement needs to be updated. The reference architecture agreed in TR38.803 can be helpful:
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Figure 6.2.1.2.2-1: UE reference architecture




We observe that for one baseband stream there is a network of RF components which include RF phase shifters, PAs, and multiple antennas. For a UE implementing UL-MIMO it is conceivable to map multiple antenna elements driven by analog beamforming networks to each baseband stream. In such an architecture the unwanted transmitter effects, such as harmonic emissions, parasitic emissions, intermodulation products, and frequency conversion products can be quantified when the entire chain from baseband through the beamforming network and the antennas is activated.
One approach to maintain the spirit of the LTE specification is to define the spurious requirement for mmWave devices which support UL-MIMO as an OTA measurement of each transmission chain independently. However, we foresee some additional complexities on the test equipment to implement the verification of such a requirement. Independent measurements of emission spectra of each transmission chain over the air may require additional calibration and measurement procedures that have not been considered thus far. A test mode which instructs the UE to transmit using each transmission chain may be a way to accomplish such a test, but then the UE is no longer operating in UL-MIMO mode.
Given such difficulties, it may be reasonable to define the spurious requirement for such UEs against the combined emission spectrum measured OTA during UL-MIMO operation. Furthermore, since each transmission chain should, in theory, be required to meet the spurious requirement of a single-UL UE, then the requirement for the UL-MIMO UE should be scaled (relaxed) by the number of supported baseband to antenna array UL paths.
Proposal 6: For NR mmWave UEs supporting UL-MIMO, the requirements for spurious emissions are specified over the air against the combined emission spectrum of all activated baseband to antenna array UL paths. The emission limits are scaled (relaxed) by the number of supported baseband to antenna array UL paths.
2.5
Measurement aspects

Since spurious emissions measurements span the frequency range from 30 MHz to the second harmonic of the radio, there is an interest to align the measurement procedure for the mmWave radio in these low bands.

Proposal 7: To align with the sub-6 spurious requirement methodology, use the EIRP metric for defining the spurious emissions requirements for mmWave UEs for the frequency range of 30 MHz to 12 GHz.
For frequency ranges above 12 GHz it is reasonable to maintain the TRP metric, as had been agreed in the LS on spectrum sharing to WP5D [2].

Proposal 8: For the frequency range of 12 GHz to 172 GHz use the TRP metric for defining the spurious emissions requirements for mmWave UEs.
2.6
Associated signalling

Signalling associated with the spurious emissions requirement needs to enable the network to identify the spurious limit (general or additional) applicable to the current deployment and the A-MPR values associated with the limits.

Proposal 9: Network signalling values defining the frequency range of the applicability of the additional spurious emission limits are needed, such that a network which is deployed in a region which requires compliance with the Category B limit can include the information as part of the system information signalling.

Proposal 10: Additional maximum power reduction values associated with the additional spurious emission limits are needed. The feasible A-MPR values should be further discussed.

2.7
Feasible levels

Although the general spurious emission level is quite clear, the value of the additional spurious emission limit and the A-MPR values associated with the corresponding network signalling mechanism are still under discussion.

Proposal 11: Key requirement definition and measurement parameters, such as resolution bandwidth, measurement methodology, and metric should be finalized during this meeting in order to enable progress on defining the feasible levels in the following meetings.
3
Conclusions

This contribution has shared our views on the topic of spurious emissions requirements for mmWave NR UEs and has made the following proposals:
Proposal 1: To align with the sub-6 spurious requirement methodology, maintain the same reference bandwidth until the 2nd harmonic of 6 GHz, such that for the frequency range of 30 MHz to 12 GHz ref BW = 1 MHz.

Proposal 2: If the spurious emission limit is defined as an integrated value over a given frequency range in the spurious domain, then the reference bandwidth for these ranges needs to be clarified.

Proposal 3: The boundary between the out of band and spurious domain is defined according to the 250% channel bandwidth rule given in Table 1 below.

Table 1: Spurious domain boundary

	Channel bandwidth (MHz)
	FOOB (MHz)

	50
	125

	100
	250

	200
	500

	400
	1000


Proposal 4: The Category A limit of -13 dBm/MHz is proposed for the general spurious emission limits applicable to all mmWave UEs.

Proposal 5: The new Category B limit of TBD dBm/TBD MHz is proposed for the additional spurious emission requirement applicable to mmWave UEs operating in a network which requires compliance with the Category B limit.

Proposal 6: For NR mmWave UEs supporting UL-MIMO, the requirements for spurious emissions are specified over the air against the combined emission spectrum of all activated baseband to antenna array UL paths. The emission limits are scaled (relaxed) by the number of supported baseband to antenna array UL paths.

Proposal 7: To align with the sub-6 spurious requirement methodology, use the EIRP metric for defining the spurious emissions requirements for mmWave UEs for the frequency range of 30 MHz to 12 GHz.

Proposal 8: For the frequency range of 12 GHz to 172 GHz use the TRP metric for defining the spurious emissions requirements for mmWave UEs.
Proposal 9: Network signalling values defining the frequency range of the applicability of the additional spurious emission limits are needed, such that a network which is deployed in a region which requires compliance with the Category B limit can include the information as part of the system information signalling.

Proposal 10: Additional maximum power reduction values associated with the additional spurious emission limits are needed. The feasible A-MPR values should be further discussed.

Proposal 11: Key requirement definition and measurement parameters, such as resolution bandwidth, measurement methodology, and metric should be finalized during this meeting in order to enable progress on defining the feasible levels in the following meetings.
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The following example for SEM based on CBW is only concerned out to 250% channel BW offset and beyond that the requirements are covered by spurious emissions


�





General spurious for the mmWave bands


To identify achievable general emission value (xx dBm/MHz) in mmW


Also, required power back-off will be evaluated for -30 dBm/MHz up to the second harmonic frequency range for the next meeting


Benefit of increasing reference bandwidth will also be studied


Other approaches to meet -30 dBm/MHz can be studied if any


According to the outcome, how to specify the NR requirements will be discussed


For example, if the power back-off is significant, harmonics exceptions may need to be considered, but it isn’t the case, the NS approach may be beneficial


Additional spurious for the mmWave bands


To study achievable values for the passive bands below


If -30 dBm/MHz seems challenging to be met, expected values with larger reference bandwidths will also be clarified


23.6-24 GHz ( 200MHz


31.3-31.8 GHz ( 200MHz


50.2-50.4 GHz ( 200MHz


52.6-54.25 GHz ( 100MHz


86-92 GHz ( 100MHz


*other victim ranges are not precluded


Contents of the LS reply will be discussed in the next meeting, and it will need to be sent in the AH in Nagoya in September at the latest





Above24 [The LS reply to WP5D, R4-1706938]


-13 and -30 dBm/MHz up to the second harmonic frequency range (upper limit)


Note: -30 dBm/MHz is not a general NR emission requirement. If specified, it will be defined as an additional one with NS signaling.





ITU-R WP 5D would like to thank 3GPP for the information received in Document 5D/� HYPERLINK "https://www.itu.int/md/R15-WP5D-C-0427/en" �427� on “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”.  The Document presents a value of �–13 dBm/MHz for the spurious level for base station (BS) and user equipment (UE).





Recommendation ITU-R SM.329 defines different categories of spurious domain emission limits. One of these limits (Category B) is �30 dBm/MHz above 1 GHz and is an example of more stringent spurious domain emission limits than Category A limits. The Category A and B limits are also reflected in Recommendations ITU-R � HYPERLINK "https://www.itu.int/rec/R-REC-M.1580-5-201402-I/en" �M.1580�, ITU-R � HYPERLINK "https://www.itu.int/rec/R-REC-M.1581-5-201402-I/en" �M.1581�, ITU-R � HYPERLINK "https://www.itu.int/rec/R-REC-M.2070-1-201702-I/en" �M.2070� and ITU-R � HYPERLINK "https://www.itu.int/rec/R-REC-M.2071-1-201702-I/en" �M.2071�. 


ITU-R WP 5D notes that 3GPP is studying the feasibility of more stringent spurious domain emission limits than the -13 dBm/MHz limit (Category A) for base stations. WP 5D would like to know the feasibility of achieving -30 dBm/MHz spurious limits (Category B) in a practical design for base stations and user terminals. If achieving this limit is not feasible, WP 5D would like to know what is achievable and under which conditions or circumstances.





With respect to the protection of specific sensitive services (e.g. the passive services in the band 23.6-24.0 GHz) from unwanted emissions of IMT-2020 base stations and user terminals, WP 5D would like to be informed about feasibilities to meet more stringent limits than the Categories defined in Recommendation ITU-R � HYPERLINK "https://www.itu.int/rec/R-REC-SM.329-12-201209-I/en" �SM.329�.





WP 5D is of the view that larger reference bandwidths (e.g. 100 MHz and 200 MHz), could be used to define unwanted emission limits for certain cases (e.g. protection of passive service systems). Thus, WP 5D seeks information on unwanted emission characteristics of IMT-2020 in the case of employing such larger reference bandwidths in general or limited to specific cases as outlined above.


�
ITU-R WP 5D kindly requests the above-mentioned information on IMT-2020 unwanted emissions as it becomes available but preferably in time for use (16:00 hours UTC of 26 September 2017, input deadline) at the next meeting of WP 5D which is planned for 3-11 October 2017.
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