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1. Introduction
In RAN4#84 meeting, spurious emissions for UE were discussed in [3, 4] in the context of ITU LS in [2] related to protection of passive services bands (EESS). In this contribution, the critical emissions cases are identified in terms of spur mechanisms and worst case allocations in the scope of agreed way forward [1].
2. Discussion
2.1. LS and Way Forward Background
General spurious: Values in mmWave, there are two levels under discussion:
· -13 dBm/MHz (TRP) 

· FCC limit
· Category A limit defined in the ITU-R SM.329-12
· ITU-R response in the SI phase.
· -30 dBm/MHz (TRP) 

· Category B limit defined in the ITU-R SM.329-12
(This might be required for NR in some countries)
ITU-R has sent an LS [2] to ask 3GPP the feasibility of -30 dBm/MHz for both UE and BS, and if not feasible, achievable value is requested.

Additional spurious 

· ITU-R requests information regarding feasibility of more stringent limits to protect specific sensitive services
· One of their proposals is to increase reference bandwidth for some passive bands
· The following is an example of such more stringent limits 

· 23.6-24 GHz -> 200 MHz　
· 31.3-31.8 GHz -> 200 MHz
· 50.2-50.4 GHz -> 200 MHz
· 52.6-54.25 GHz -> 100 MHz
· 86-92 GHz -> 100 MHz
Way Forward from RNA4#84 [1]:

· It is agreed that achieving -30dBm/MHz spurious emissions close to the carrier is not feasible considering factors such as PA efficiency, linearization feasibility, filtering, 2nd harmonic, image rejection etc.

· Concerns UE and BS.

· -13dBm/MHz is assumed as the achievable baseline for mm wave spurious emissions at this stage, for both UE and BS

· It is observed that UE emissions are not flat in the passive bands, this should be considered when performing simulation relating to the UE in the sharing study

· The following are FFS

· What levels are achievable in the bands to which special limits apply, and suitable measurement bandwidths for these bands

· Feasibility of meeting -30dBm spurious emissions (or other value) with a (large) offset above and below the carrier/band
· Based on the outcome of the analysis, the following option(s) might be considered as additional requirement(s) to protect specific bands (e.g. bands where passive services are operating):
· Define a different emission level in the protected band with larger measurement BW (e.g. 100MHz/200MHz). The value would be obtained by integrating an emission level tighter than -13dBm/MHz. The value to be adopted is this option is selected is FFS
· Define a tighter emission level in the passive bands and provide a number of exceptions. Emission level and number of exceptions to be adopted if this option is selected are FFS
· The solution for UE and BS may differ; e.g. exceptions, wider measurement bandwidth etc. may be a solution for the UE but a different solution may be needed for the BS
· For NR channels in which OOB region overlaps with protected bands, SEM requirement can apply in the OOB domain.

2.2. Spurious Emissions and EESS Protected Bands

In Table 1, the different NR above 24 GHz bands are studied for spur mechanisms that are critical to the general spurious emission specification of -13 dBm/MHz and protected bands as recommended by ITU. When relevant the worst case channel bandwidth or RB allocation for both 60 kHz and 120 kHz. For super-heterodyne cases both Low Side Injection (LSI: LO<RF) and High Side Injection (HIS LO>RF) are studied for IFs up to 10 GHz.
Table 1: UE worst case emissions for general spurious emissions and EESS protected bands

	NR Band
	24.25-27.5 GHz
	26.5-29.5 GHz
	31.8-33.4 GHz
	37.0-43.5 GHz

	-13 dBm/MHz spurious emissions
	2nd Harmonic: 1RB_60kHz, 
2nd IF Carrier Leakage: all IF

2nd IF Image Leakage: All IF 1RB_60kHz or 1RB_120kHz

	Protected EESS passive bands and measurement bandwidth
	23.6-24.0
GHz
	200 MHz
	ACLR full allocation: 
400MHz Channel BW
at low band edge
2nd IF Carrier Leakage: 
LSI 0.25-3.9 GHz IF
2nd IF Image Leakage:
LSI for 0.125-1.95 GHz IF
139RB_120KHz
	2nd IF Carrier Leakage:
LSI 2.5-5.9 GHz IF
2nd IF Image Leakage:
LSI for 1.25-2.95 GHz IF
139RB_120KHz
	2nd IF Carrier Leakage:
LSI 7.8-9.8 GHz IF
2nd IF Image Leakage:
LSI for 3.9-4.9 GHz IF
139RB_120KHz
	2nd IF Image Leakage:
LSI for 6.5-9.95 GHz IF
139RB_120KHz

	
	31.3-31.8
GHz
	200 MHz
	2nd IF Carrier Leakage:
HSI 3.8-7.55 GHz IF
2nd IF Image Leakage:
HSI for 1.9-3.78 GHz IF
139RB_120KHz
	2nd IF Carrier Leakage:
HSI 1.8-5.3 GHz IF
2nd IF Image Leakage:
HSI for 0.9-2.65 GHz IF
139RB_120KHz
	ACLR full allocation:
200MHz Channel BW
at low band edge
2nd IF Carrier Leakage:
LSI up to 2.1 GHz IF
2nd IF Image Leakage:
LSI for up to 1.05 GHz IF
139RB_120KHz
	2nd IF Carrier Leakage:
LSI 5.2-10 GHz IF
2nd IF Image Leakage:
LSI for 2.6-6.1 GHz IF
139RB_120KHz

	
	50.2-50.4
GHz
	200 MHz
	2nd Harmonic:
25.1-25.2 GHz wanted
193RB_60kHz
or 96RB_120kHz
	NA
	2nd IF Image Leakage:
HSI for 8.4-9.3 GHz IF
139RB_120KHz
	2nd IF Carrier Leakage:
HSI 6.7-10 GHz IF
2nd IF Image Leakage:
HSI for 3.35-6.7 GHz IF
139RB_120KHz

	
	52.6-54.25
GHz
	100 MHz
	2nd Harmonic:
26.3-27.2 GHz wanted
96RB_60kHz 
or 48RB_120kHz
	2nd Harmonic:
26.5-27.2 GHz wanted
96RB_60kHz
or 48RB_120kHz
	2nd IF Image Leakage:
HSI for 9.6-10 GHz IF
139RB_60KHz
or 69RB_120kHz
	2nd IF Carrier Leakage:
HSI 9.1-10 GHz IF
2nd IF Image Leakage:
HSI for 4.55-8.63 GHz IF
139RB_60KHz
or 69RB_120kHz

	
	86.0-92.0
GHz
	100 MHz
	NA
	NA
	NA
	2nd Harmonic:
43.0-43.5 GHz wanted,  96RB_60kHz
or 48RB_120kHz


Studied spur cases:
· ACLR full allocation: adjacent channel ACLR overlapping protected band, worst case channel bandwidth and channel provided.
· 2nd IF Carrier Leakage: Carrier Leakage related to highest frequency Local Oscillator in super-heterodyne conversion, as shown in [2]. IF range which results in spur in protected band are given and is independent from RB allocation.
· 2nd IF Image Leakage: wanted signal Image Leakage related to highest frequency Local Oscillator in super-heterodyne conversion, as shown in [2]. IF range which results in spur in protected band are given together with worst case RB allocation.
· 2nd Harmonic: wanted signal 2nd harmonic leakage related to transmitter non linearity, as shown in [2]. RF range which results in spur in protected band are given together with worst case RB allocation assuming a 2nd harmonic BW = 1.44xRB allocation.
Observation 1:
· -13 dBm/MHz spurious emissions related to 2nd harmonic and Image worst case is for 1RB_60kHz
· There are two cases where ACLR of lowest channel overlaps with a protected band which is the worst case emission, considering 17 dBc ACLR.
· All NR bands have potential issues with carrier or image leakage in 24 GHz and 31 GHz protected bands, and 32 GHz and 37 GHz bands have potential issues with carrier or image leakage in 50 GHz and 52 GHz protected bands. Image leakage is the second worst case emission, considering 25 dBc image rejection, Carrier Leakage has negligible impact.
· All NR bands have potential issues with harmonic 2 falling into one of the protected band which is the third worst case emission, considering 30 dBc harmonic level.
2.3. Estimated General Spurious Emissions

As shown in above table, the worst case emission level in 1 MHz is for 1RB allocation. Since this is a TRP requirement the easiest solution is to deduct a maximum TRP based on estimated image or harmonic rejection. Regarding the carrier leakage since it is likely that it does not constitute in issue for wideband systems it may be useful to find a different approach.

From [3], a 25 dBc image rejection and a 30-35 dBc harmonic rejection seem reasonable to assume.
Based on 25 dBc image rejection, the following approaches would allow meeting -13 dBm/MHz:

· Maximum TRP power of +12 dBm => this defines either a power class or MPR is needed for low RB allocations.
· Define a minimum RB allocation: for example 14 60 kHz SCS RB minimum would result into a maximum TRP of +22 dBm as 14 60 kHz SCS RB occupies 10 MHz and thus results into a 10 dB PSD gain.

· Improve image rejection >25 dBc.
· Find a frequency plans that avoids Image falling in the OOB region. This may prove difficult for a generic band approach.

Based on 30 dBc H2 rejection, the following approaches would allow meeting -13 dBm/MHz:

· Maximum TRP power of +17 dBm => this defines either a power class or MPR is needed for low RB allocations.
· Define a minimum RB allocation: for example 10 60 kHz SCS RB minimum would result into a maximum TRP of +27 dBm as 10 60 kHz SCS RB occupies 10 MHz at second harmonic and thus results into a 10 dB PSD gain.

· Improve H2 rejection >30 dBc.
Observation 2: To meet -13 dBm/MHz emissions for Image or Harmonic 2 based on realistic rejections, options are:
· Have a maximum TRP value

· Have MPR for small RB allocations (potentially high if TRP>20dBm are desired)

· Define a minimum RB allocation

· Improve rejections further

· Carrier leakage may be treated separately as a CW spur
It is to be noted that Image rejection is the most limiting factor for current assumptions, thus it is preferred that the solution is an optional allowance. Also, it would be better if the requirement is such that only one TRP condition is tested (only at maximum power for a given allocation).
2.4. Estimated Image and Harmonic 2 in EESS Protected Bands

For Image and Harmonic 2 cases, using the same assumptions than in 2.3 and the cases found in 2.4, we can have a similar approach to study solutions to protected bands. Again, we suggest that carrier leakage is treated separately as this is a CW spur.
In a first approach, we assume first that general spurious emission are met, and we look at possible specifications for protected bands taking into account the fact that Harmonic 2 has 5 dB better rejection, in this case if -13 dBm/MHz is met for image spur then H2 meets -18 dBm/MHz:
· For protected bands having only H2 spur a scaled -30 dBm/MHz to -10 dBm/100 MHz or -7 dBm/200 MHz could be met for max TRP values of +20 dBm or +23 dBm respectively and may be achieved without or at reasonable A-MPR.
· For protected bands having Image spur: a scaled -30 dBm/MHz to -10 dBm/100 MHz or -7 dBm/200 MHz could be met for max TRP values of +15 dBm or +18d Bm respectively and may require significant A-MPR if reasonable antenna gain and EIRP are targeted.
Alternatively, a less stringent spurious emission level could be discussed: for example using a 5 dB less stringent target. Using same assumptions than above:

· For protected bands having only H2 spur a scaled -25 dBm/MHz to -5 dBm/100 MHz or -2dBm/200 MHz could be met for max TRP values of +25 dBm or +28 dBm respectively and should be achievable without A-MPR.
· For protected bands having Image spur: a scaled -25 dBm/MHz to -5 dBm/100 MHz or -2 dBm/200 MHz could be met for max TRP values of +20 dBm or +23 dBm respectively and may be achieved without or at reasonable A-MPR.

This second approach seems to be a good compromise since it can be justified that both image and H2 are beam-formed, that not all UEs will have the worst case RB allocation (especially at cell edge) and that not all UEs will transmit at maximum power, thus some averaging can be accounted for.

Observation 3: the protection of EESS bands can be achieved at reasonable A-MPR for harmonic 2 and image related spurs if a relaxed -25 dBm/MHz requirement is scaled for 100 MHz or 200 MHz measurement BW.

2.5. Estimated ACLR in EESS Protected Bands

In the cases where there is direct overlap of ACLR region with the protected band, the problem can be very serious if 17 dBc ACLR is assumed (to simplify only 17 dBc ACLR is used although 16 dBc ACLR may apply in some cases):

· A scaled -30 dBm/MHz to -10 dBm/100 MHz or -7 dBm/200 MHz could be met for max TRP values of +7 dBm or +10 dBm respectively and will require significant A-MPR for large allocations at band edge.
· A scaled and relaxed -25 dBm/MHz to -5 dBm/100 MHz or -2 dBm/200 MHz could be met for max TRP values of +13 dBm or +15 dBm respectively and will still require significant A-MPR for large allocations at band edge.
Again, the second case seems more reasonable and similarly, A-MPR versus RB allocation approach has been used for LTE L-band protection of EESS band and can be re-used.

Observation 4: for ACLR related issues with EESS protected bands, significant A-MPR is required for large RB allocations at band edge.
2.6. Proposed Requirement Approach for Spurious Emissions

Given the above study and in the spirit of a simplified minimum requirement specification, we propose the following for UE NR above 24 GHz general spurious emissions and protection of EESS mmW bands:

Proposal 1 for general -13 dBm/MHz spurious emissions:

· Study maximum output power versus RB allocation for image and 2nd harmonic spurs

· Treat carrier leakage as a CW spur exception

· RB restriction and/or MPR is FFS
· Study the introduction of a per band capability bit for UEs not requiring restrictions on RB allocation nor MPR

Proposal 2 for protected EESS bands:

· Introduce EESS bands as protected bands for coexistence evaluation

· Use a scaled and relaxed -30dBm/MHz spurious level to enable:

·  No A-MPR for H2 spur cases

·  Reasonable A-MPR for image cases

·  Reasonable RB allocation dependent A-MPR for ACLR cases (LTE L-band like EESS protection) 
· Study the introduction of a per band capability bit for UEs not requiring A-MPR for image cases
3. Conclusion
In this contribution, both Image and Harmonic 2 related general spurious emissions and EESS protected bands are studied. Furthermore, new cases related to ACLR for some protected bands are described. Based on this the following proposals are made:
Proposal 1 for general -13 dBm/MHz spurious emissions:

· Study maximum output power versus RB allocation for image and 2nd harmonic spurs

· Treat carrier leakage as a CW spur exception

· RB restriction and/or MPR is FFS

· Study the introduction of a per band capability bit for UEs not requiring restrictions on RB allocation nor MPR

Proposal 2 for protected EESS bands:

· Introduce EESS bands as protected bands for coexistence evaluation

· Use a scaled and relaxed -30 dBm/MHz spurious level to enable:

·  No A-MPR for H2 spur cases

·  Reasonable A-MPR for image cases

·  Reasonable RB allocation dependent A-MPR for ACLR cases (LTE L-band like EESS protection) 
· Study the introduction of a per band capability bit for UEs not requiring A-MPR for image cases
These proposals are made based on the following observations:
Observation 1:
· 13 dBm/MHz spurious emissions related to 2nd harmonic and Image worst case is for 1RB_60kHz

· There are two cases where ACLR of lowest channel overlaps with a protected band which is the worst case emission, considering 17 dBc ACLR.

· All NR bands have potential issues with carrier or image leakage in 24 GHz and 31 GHz protected bands, and 32 GHz and 37 GHz bands have potential issues with carrier or image leakage in 50 GHz and 52 GHz protected bands. Image leakage is the second worst case emission, considering 25 dBc image rejection, Carrier Leakage has negligible impact.
· All NR bands have potential issues with Harmonic 2 falling into one of the protected band which is the third worst case emission, considering 30 dBc harmonic level.
Observation 2: To meet -13 dBm/MHz emissions for Image or Harmonic 2 based on realistic rejections, options are:

· Have a maximum TRP value

· Have MPR for small RB allocations (potentially high if TRP> 20dBm are desired)

· Define a minimum RB allocation

· Improve rejections further

· Carrier leakage may be treated separately as a CW spur

It is to be noted that Image rejection is the most limiting factor for current assumptions, thus it is preferred that the solution is an optional allowance. Also, it would be better if the requirement is such that only one TRP condition is tested (only at maximum power for a given allocation).
Observation 3: the protection of EESS bands can be achieved at reasonable A-MPR for Harmonic 2 and image related spurs if a relaxed -25 dBm/MHz requirement is scaled for 100 MHz or 200 MHz measurement BW.

Observation 4: for ACLR related issues with EESS protected bands, significant A-MPR is required for large RB allocations at band edge.
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