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Introduction
Since the start of NR SI, the discussion and work on ITU-R parameters has been ongoing in RAN4 with agreement on some parameters and still many left to reach agreements for [1]. As the January ad-hoc meeting is the last meeting to conclude on the parameters and the response to ITU-R, this paper gives an elaborated discussion on ITU-R parameters based on the work already submitted to RAN4. Based on this paper, in [2], the full set of proposed ITU-R parameters is given. We also urge RAN4 to be pragmatic as the consequences for not submitting a response in a timely manner could be quite severe.
This pragmatism is reflected in the WF in [1], where it is stated that the IMT parameters reported to ITU-R WP5D are developed by RAN4 for the purpose of sharing and compatibility studies with other systems and should not be seen as an agreement of what the final NR parameters and characteristics will be. The discussions on choosing parameters should thus focus on the needs of ITU-R. 

Discussion
As previously discussed in RAN4, the ITU-R response should include the expected behavior and performance for NR which are important for compatibility studies and thus at this point avoid to give all options and variations which may possibly be introduced during the specification work to eliminate unnecessary confusion.
It was also agreed [1] to divide the ITU-R bands into three ranges, represented by proxy frequencies of 30, 45 and 70 GHz, which thus will represent all 7 bands within 24-86 GHz.
Detailed discussed of each parameter in more detail follow below.

Duplex method
During the NR discussions, RAN4 has agreed on “TDD” as duplex method for ITU-R compatibility studies [1].

Channel and signal bandwidth
In relation to bandwidth, there is a consensus in RAN4 to use channel bandwidth of 200 MHz for ITU-R compatibility studies [1] which is the same as used in RAN4 ongoing co-existence studies and thus the channel bandwidth is not further discussed here.
In relation to signal bandwidth, there is a discussion on spectrum confinement and spectrum efficiency where no conclusion has been reached. The way forward for spectrum confinement from the previous meeting outline that several studies are needed. We anyhow anticipate improved spectrum utilization for NR compared to E-UTRA and thus a compromise solution that seems to be acceptable for all is to state a signal bandwidth “> 90%” for the ITU-R response, in line with the WF in [1]. The spectrum utilization anyhow is not the most fundamental parameter for adjacent band compatibility studies and the proposed “signal bandwidth >90%” should be sufficient as a response anticipating the intention to improve the spectrum efficiency for NR.  
Power dynamic range
On BS side as we foresee no DL power control, the power dynamic range is not an applicable compatibility parameter. This is in line with the “0 dB conducted BS output power” agreed in [1].
For the UE, as stated in [1], a value based on assumed minimum and maximum conducted output power of a UE should be used for ITU-R response. Assuming a -40 dBm minimum power, the value will be 23 dBm – (-40 dBm) = 63 dB.

Spectrum masks
Based on the WF agreement in [1], the discussion in [11] concludes that for the ITU-R response for both BS and UE, the emissions in the out-of-band domain should be specified using a “transmission centric” Spectrum Emissions Mask (SEM), applicable for a 200 MHz channel bandwidth, extending out to 500 MHz from the centre of transmission and with a measurement bandwidth of 1 MHz. The emissions limits should have the new limits in FCC Title 47, §30.203 as a baseline.
BS spectrum mask
Based on the assumptions for an SEM for a 200 MHz carrier as outlined above, a BS mask is derived in [12] with three components: 
1. A baseline level based on FCC Title 47, §30.203, being -13 dBm/MHz with an 8 dB relaxation in the first 20 Mhz.
2. A limit in the two first adjacent channels as a relative component corresponding to the ACLR, but based on a relaxation of 3 dB to account for spectral variations in the emissions. This component applies for power levels where the related limit would be lower than the baseline.
3. An absolute level as a lower limit to the spectrum mask for lower output power levels.
In the 30 GHz band range (based on ACLR = 30 dB minus a 3 dB relaxation), the mask looks like shown in Figure 1. The figure shows an example mask for 33 dBm output power, together with the upper and lower limit determined by the components of the mask. Details of the mask can be found in [13].
Note that this type of mask is similar to the one for UMTS BS.
The same masks are derived and presented in [12] for the 45 and 70 GHz frequency ranges, but then based on the corresponding proposed ACLR values of 27 and 24 dB respectively (minus 3 dB relaxation). The BS masks for all three frequency ranges in tabular form can be found in [13].


[image: ]
Figure 1: Proposed emissions mask for the 30 GHz frequency range. The blue mask is for an example power level of PTx = 363dBm and BT = 200 MHz, plotted together with the maximum level (orange) and minimum level (dashed grey) for the SEM.

UE spectrum mask
Based on the assumptions for an SEM for a 200 MHz carrier as outlined above, a UE mask is derived in [12] from a generic mask proposal. The UE mask is an absolute mask and is based on FCC Title 47, §30.203. The mask level in what approximately corresponds to the 2nd adjacent channel is set  = 5 dB tighter than in the first channel. The resulting SEM is shown below in Figure 2.
[image: ]
Figure 2: Proposed UE SEM for the ITU-R response.

ACLR
The ACLR for mm-waves considering the complex dependencies between output power, ACLR and efficiency was extensively discussed in [3]. Figure 2 summarizes the presented results.
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Figure 2: Simulation of CMOS and GaN power amplifier models showing ACLR as a function of output power (left) and PAE as a function of ACLR (right) for three different frequencies
Based on the assumption that higher efficiency is needed for UE compared to BS, a 5 dB lower UE ACLR was proposed compared to the BS, and the following ACLR values were presented in [3]:
Table 1: BS ACLR feasible from technology point-of-view
	ACLR
	30 GHz
	45 GHz
	70 GHz

	BS
	30 dB
	27 dB
	24 dB

	UE
	25 dB
	22 dB
	19 dB



From the RAN4 co-existence studies, a break down is done of needed ACIR into ACS and ACLR. The resulting ACLR values were presented for the BS in [4] and for the UE in [5]:
Table 3	BS ACLR based on asymmetric split
	BS ACLR
	30 GHz
	45 GHz
	70 GHz

	UMA
	29 dB
	NA
	NA

	UMI
	25 dB
	25 dB
	24 dB

	INH
	23 dB
	26 dB
	26 dB




Table 4	UE ACLR based on asymmetric split
	UE ACLR
	30 GHz
	45 GHz
	70 GHz

	UMA
	15 dB
	NA
	NA

	UMI
	17 dB
	17 dB
	17 dB

	INH
	19 dB
	18 dB
	17 dB



It should be noted that UE ACLR levels when ACIR break down approach is used are less stringent compared to incumbent technologies in the unpaired spectrum around 60 GHz. In our view, NR should have better performance compared to incumbent technologies.
In addition to the relation between ACLR and EVM, there is possibly a need to re-visit some of the assumptions made in the WI phase. For this reason, the compatibility parameters should be sufficiently robust and we would thus propose the following UE ACLR levels for ITU-R response:

Table 4: Proposed UE ACLR values.
	
	30 GHz
	45 GHz
	70 GHz

	UE ACLR
	25 dB
	22 dB
	19 dB



Similarly for BS, we would propose the following ACLR values for ITU-R response: ‘

Table 5: Proposed BS ACLR values.
	
	30 GHz
	45 GHz
	70 GHz

	BS ACLR
	30 dB
	27 dB
	24 dB



Spurious emissions
As discussed in [14], the present WF for the ITU-R response [1] points at both Category A and B limits for the ITU-R response. Category A limits are globally applicable, while the lower Category B limits are used in Europe (ITU region 1) and some additional countries. 
Since Category A limits are applied in a substantial part of the world (ITU Regions 2 and 3), they must be a part of the response, so that compatibility and sharing is studied under the conditions that will apply in those regions. There may be stricter limits needed than the Category A limits for certain scenarios, but those will be covered by “additional limits”, in the same way as has always been done in similar situations for E-UTRA and UTRA. This should be reflected by introducing a text included in the LS response to reflect that additional limits and conditions can be added, as has been done before.
In line with previous investigations and agreements for eAAS and NR, it is concluded that spurious emissions should be specified as Total Radiated Power (TRP). This would apply to all unwanted emission requirements, so ACLR and SEM will also be defined as TRP.
The response for spurious emission should thus be:
· Emission limit -13 dBm/MHz, defined as Total Radiated Power (TRP).
· A NOTE stating that: Stricter emission limits may be required in specific frequency ranges for certain scenarios. Those limits are added to the specification on a case-by-case basis as “additional requirements” when needed.

Noise figure
The noise figure for mm-wave frequencies has been extensively discussed in [6-7]. The proposed values consider a full receiver chain including the impact from A/D converters and other involved components. It was also concluded that as similar technology is used for BS and UE in the mm-wave frequency ranges, the transceiver noise figure would also be quite similar between BS and UE. Two sets of values have been on the table and the different parties seem to have consensus on a compromise values as follows:
· UE and BS noise figure values of 10 dB, 12 dB and 14 dB to be used at 30 GHz, 45 GHz and 70 GHz respectively.

Receiver Sensitivity
Even though the sensitivity is not a parameter of high interest in compatibility studies, possible values for ITU-R response on OTA sensitivity as described in [8-9] could be as presented below. These values are presently not proposed for the ITU-R response, but are given here for information.
For BS, assuming n=128 for UMA/UMI and INH, except for INH at 32 GHz where n=32, an implementation margin of 1.5 dB and a bandwidth of 200 MHz, the OTA sensitivity for mm-wave frequencies can be summarized as following:
Table 5: BS OTA sensitivity estimations
	Frequency range
	OTA sensitivity for UMA/UMI
	OTA sensitivity for INH

	30 GHz
	-105,5 dBm
	-99,5 dBm

	45 GHz
	-103.5 dBm
	-103.5 dBm

	70 GHz
	-101.5 dBm
	-101.5 dBm



Assuming n=8 (one panel) for UE, an implementation margin of 1.5 dB and a bandwidth of 200 MHz, the OTA sensitivity for mm-wave frequencies can be summarized as following:
Table 6: UE OTA sensitivity estimations
	Frequency range
	UE OTA sensitivity 

	30 GHz
	-93,5 dBm

	45 GHz
	-91.5 dBm

	70 GHz
	-89.5 dBm



Blocking 
As the interferer levels turned out to be significantly higher than the interferer statics presented in the blocking analysis [4-5], the same interferer level can be used towards ITU-R for the in-band blocking level as for ACS. The blocking levels correspond to the combined value in the radio.
Similar to the in-band blocking levels, the out-of-band blocking would also require further investigation. It is proposed that meanwhile, the proposed in-band blocking values as described in this paper could serve also as the value to submit for out-of-band blocking to ITU-R at this stage.
Note that the interferer (200 MHz OFDM modulated) centre frequency for blocking is shifted 100 + n x 200 MHz in relation to the edge of the NR carrier.
The Resulting BS and UE blocking levels are shown in Tables 7 and 8. For the BS, it is proposed to use the UMI values for the response to ITU-R.
Table 7: BS blocking levels (in-band and out-of-band) for ITU-R response and for different deployments
	BS ACS
	30 GHz
	45 GHz
	70 GHz

	UMA
	-54 dBm
	NA
	NA

	UMI
	-52 dBm
	-55 dBm
	-48 dBm

	INH
	-50 dBm
	-56 dBm
	-48 dBm



Table 8: UE blocking levels (in-band and out-of-band) for ITU-R response
	
	30 GHz
	45 GHz
	70 GHz

	UE Blocking level
	-53 dBm
	-55 dBm
	-55 dBm



ACS
In [4-5], the ACS for UE and BS considering both interferer level statistics as well as the ACS derivation from needed ACIR has been thoroughly discussed where the corresponding interferer level were calculated as:
Interferer level = Noise floor + 4.7 dB (correspond to 6 dB degradation) + ACS
As the calculated interferer levels for ACS given the asymmetric break-down of ACIR is lower than the interferer level statistics presented in [4-5], the level of degradation for BS can be kept open for further discussions in RAN4 when the NR WI starts. The same can be done for the UE ACS.
Note that The interferer levels correspond to the combined value in the radio.
Tables 10 to 13 show the the resulting BS and UE ACS and interferer levels. It is proposed that the relative ACS values are used for the response to ITU-R, and to use the UMI values for the response. The interferer levels are just presented for information here.
The BS ACS levels for ITU-R response for different deployments should be:
Table 10: BS ACS based on asymmetric split.
	BS ACS
	30 GHz
	45 GHz
	70 GHz

	UMA
	22 dB
	NA
	NA

	UMI
	24 dB
	24 dB
	24 dB

	INH
	26 dB
	 25 dB
	24 dB



Which corresponds to interferer levels of:
Table 11: Corresponding interferer level for BS ACS.
	BS ACS
	30 GHz
	45 GHz
	70 GHz

	UMA
	-54 dBm
	NA
	NA

	UMI
	-52 dBm
	-55 dBm
	-48 dBm

	INH
	-50 dBm
	-56 dBm
	-48 dBm



The UE ACS levels for ITU-R response for different deployments should be:

Table 12: UE ACS values.
	
	30 GHz
	45 GHz
	70 GHz

	UE ACS
	23 dB
	21 dB
	22 dB



Which corresponds to interferer levels of:
Table 13: Corresponding interferer level for UE ACS.
	
	30 GHz
	45 GHz
	70 GHz

	Interferer level
	-53 dBm
	-55 dBm
	-55 dBm



SINR operating range
In [1], it was agreed to use the SINR operating range and mapping to throughput as described in [10]. Thus the response to ITU-R should be:
The following equations approximate the throughput over a channel with a given SNR, when using link adaptation:


Where:	
S(SNIR)     Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
		Attenuation factor, representing implementation losses
SNRMIN  	Minimum SNIR of the codeset, dB
ThrMAX 	Maximum throughput of the code set, bps/Hz
SNIRMAX     SNIR at which max throughput is reached S-1(ThrMAX), dB
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The parameters α, SNRMIN and SINRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 8 represent a baseline case, which assumes: 
· 1:1 antenna configurations
· AWGN channel model 
· Link Adaptation (see table 8 for details of highest and lowest rate codes)
· No HARQ
Table 14	Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α, attenuation 
	0.6 
	0.4 
	Represents implementation losses 

	SINRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SINRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 



The parameters proposed in table 14 should be used for ITU-R response.


Conclusion
In this paper an overview of ITU-R parameters and corresponding proposed values are presented and discussed. As stated earlier, the IMT parameters reported to ITU-R WP5D are developed by RAN4 for the purpose of sharing and compatibility studies with other systems. They are aimed at describing the expected behaviour we see of NR with present knowledge and should not be seen as an agreement of what the final NR parameters and characteristics will be. The parameters for WP5D do also not cover all options and parameter ranges, and further variations will be introduced later in the NR work for the final specifications.
Thus, as we believe that it is crucial to have a complete set of compatibility parameters in the LS response to ITU-R, we encourage RAN4 to adopt the parameter values summarized in this papers to ensure timely response to ITU-R.
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