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1 Introduction
Work has started in ITU-R and 3GPP to develop requirements and specifications for new radio (NR) systems. WRC-15 agreed on agenda item 1.13 regarding additional allocations to the mobile service and identification of additional frequency bands for IMT for consideration at WRC-19 [1]. LS from Working Party 5D (WP 5D) was received asking 3GPP to provide a technical support regarding the technology parameters for the sharing and compatibility study [2]. Table 1 is the attachment of LS, which shows the list of the parameters.

In this paper, we present our initial view and discuss how RAN4 should recommend the RF parameters to be used in the sharing study.

Table 1.
IMT-2020 technology related parameters in the frequency range 24.25-86 GHz
	
	
	IMT-2020 

	
	
	
	

	No.
	Parameter
	Base station
	Mobile station

	1
	Access technique
	
	

	2
	Modulation parameters
	
	

	3
	Channel spacing
	
	

	4
	Channel bandwidth (MHz)
	
	

	5
	Signal bandwidth (MHz)
	
	

	6
	Transmitter characteristics
	
	

	6.1
	Power dynamic range (dB)
	
	

	6.2
	Spectral mask
	
	

	6.3
	ACLR
	
	

	6.4
	Spurious emissions
	
	


TABLE 1 (end)

	
	
	IMT-2020 

	No.
	Parameter
	Base station
	Mobile station


	7
	Receiver characteristics
	
	

	7.1
	Noise figure
	
	

	7.2
	Sensitivity
	
	

	7.3
	Blocking response
	
	

	7.4
	ACS
	
	


2 Discussion

First, we revisit the technology parameters of IMT-Advanced system defined in M.2292 [3]. Table 2 is the extract of the parameters. Note that we copy-and-pasted several notes into the table and the format is adjusted to improve the readability within this contribution.
Table 2.
IMT-Advanced parameters in M.2292
	
	
	IMT-Advanced

	No.
	Parameter
	Base station
	Mobile station

	1
	Access technique
	OFDM
	SC-FDMA

	2
	Modulation parameters
	QPSK, 16-QAM, 64-QAM

	3
	Channel spacing
	Nominal channel spacing = (BWChannel(1) + BWChannel((2))/2

	4
	Channel bandwidth (MHz)
	TS 36.101 v.11.2.0, § 5.6. Signal bandwidth in MHz corresponds to

“Transmission bandwidth configuration*0.180”.
	TS 36.101 v.11.2.0, § 5.6. Signal bandwidth in MHz corresponds to

“Transmission bandwidth configuration*0.180”. (NOTE 1)

	5
	Signal bandwidth (MHz)
	TS 36.101 v.11.2.0, § 5.6. Signal bandwidth in MHz corresponds to

“Transmission bandwidth configuration*0.180”.
	TS 36.101 v.11.2.0, § 5.6. Signal bandwidth in MHz corresponds to

“Transmission bandwidth configuration*0.180”. (NOTE 1)

	6
	Transmitter characteristics
	
	

	6.1
	Power dynamic range (dB)
	TS 36.104 v.11.2.0, § 6.3.2.1.
	63

	6.2
	Spectral mask
	TS 36 104 v.11.2.0, § 6.6.3. (NOTE 2)
	TS 36 101 v.11.2.0, §§ 6.6.2.1, 6.6.2.1A, 6.6.2.2 and 6.6.2.2A describe UE spectrum emissions masks for different channel bandwidths. In case multiple UEs are transmitting simultaneously on the same channel they will share the available radio resource blocks. As the actual transmission bandwidth is thus decreased the unwanted emissions performance might be improved.

This may be taken into account during sharing analysis when measurements or detailed models are available. (NOTE 2)

	6.3
	ACLR
	TS 36.104 v.11.2.0, § 6.6.2. (NOTE 2)
	TS 36.101 v.11.2.0, § 6.6.2.3. (NOTE 2)

	6.4
	Spurious emissions
	TS 36.104 v.11.2.0, § 6.6.4. (NOTE 2)
	TS 36.101 v.11.2.0, § 6.6.3. (NOTE 2)


	7
	Receiver characteristics
	
	

	7.1
	Noise figure
	5 dB (macro)

10 dB (micro)

13 dB (pico/femto)
	9 dB

	7.2
	Sensitivity
	TS 36.104 v.11.2.0, § 7.2.
	TS 36.101 v.11.2.0, § 7.3.

	7.3
	Blocking response
	TS 36.104 v.11.2.0, § 7.6.
	TS 36.101 v.11.2.0, § 7.6 and § 7.7.

	7.4
	ACS
	TS 36.104 v.11.2.0, § 7.5.
	TS 36.101 v.11.2.0, § 7.5.

	NOTE 1: In case multiple UEs are transmitting simultaneously on the same channel they will share the available radio resource blocks. As the actual transmission bandwidth is thus decreased the unwanted emissions performance might be improved. This may be taken into account during sharing analysis when measurements or detailed models are available.
NOTE 2: These unwanted emission limits are the upper limits from SDO specifications for laboratory testing with maximum transmitting power. It is assumed that when the in-band transmitting power is reduced by x dB through power control, the unwanted emission levels would be reduced by x dB in consequence in the coexistence simulations.


All parameters are dependent on the access technology to be discussed in RAN1 such as multiple access scheme, modulation scheme, and waveform, etc. RAN4 is responsible for RF parameters, which is more critical for the sharing and compatibility studies.

As 3GPP has just started the access technology study [4], it is still premature to conclude every parameter in detail. Nevertheless, we must make the best judgement so that the sharing parameters can be provided in time for the ITU-R sharing studies.

In M.2292 [3], the technology parameters above are frequency independent and applied up to 6GHz. On the other hand, the deployment related parameters are frequency dependent. They are defined differently for the three frequency groups, below 1 GHz, between 1 GHz and 3GHz, and between 3 GHz and 6GHz. 
For the IMT-2020, the deployment related parameters are so far assumed different for the following sub-frequency ranges, 24.25-33.4 GHz, 37-43.5 GHz, 45.5-52.6 GHz and 66-86 GHz in WP5D [5]. Since the frequency range is quite wide compared to IMT-Advanced, the technology parameters may not be identical for all the frequency ranges. Scalable and flexible parameters may be introduced depending on the frequency bands. Such detail needs further study of the access technology for the NR; nevertheless, we discuss each technology parameter in the table above and see what should be considered for the NR systems in 24.25-86 GHz bands.
Observation 1: The technology parameters may be band dependent in a way that the parameters are scalable and flexible in terms of frequency.

· Access technique
Access technique is relevant to RAN1 discussion; however, the RF parameters such as spectrum mask, ACLR, and spurious emission are quite dependent on the waveform. In the NR study [4], the waveform is assumed based on OFDM with potential support of non-orthogonal waveform and multiple access. Other waveforms are FFS if they demonstrate justifiable gain. Thus, it looks reasonable for RAN4 to assume the OFDM like emission characteristics until further guidance is received from RAN1.

· Modulation parameters

Modulation parameters are also relevant to RAN1 discussion. In Rel-13 E-UTRA specifications, we have already included 256QAM in downlink and 64QAM in uplink. The modulation orders could affect the emission characteristics, however in the current LTE specifications the emission mask, ACLR, and spurious emission are specified in a modulation independent manner, though signal quality like EVM is modulation dependent. Note that in the E-UTRA UE specs, MPR (i.e., power back-off) is introduced to meet the modulation independent emission requirement. For the moment, it looks reasonable for RAN4 to assume modulation independent emission characteristics. A technique like MPR may be discussed further in the course of the NR study.
Observation 2: Access technology parameters are for RAN1 to study; however, RAN4 can discuss the RF parameters independently assuming OFDM like waveforms until further guidance is received.

· Channel spacing, Channel bandwidth and Signal bandwidth

Channel arrangements depend on the design of access technology, availability of the spectrum, and coexistence aspects. They are relevant to both RAN1 and RAN4 discussion.
In LTE specifications, available channel bandwidths for LTE are 1.4, 3, 5, 10 and 20MHz. In LTE-Advanced specifications, carrier aggregation has been introduced to use multiple component carriers up to five since 3GPP Release 10. CA bands up to 100 MHz aggregated bandwidth are already specified in RAN4 specifications. Furthermore, up to 32 carriers can be used as the enhancement of carrier aggregation after Rel-13. The carrier aggregation can utilize component carriers contiguous or non-contiguous in the same operating band or in different operating bands. 
The anticipation for the NR system is to support much wider contiguous spectrum than LTE/LTE-Advanced and to achieve higher peak throughput such as the order of 10 gigabit/sec using the high frequency bands such as 24.25-86 GHz. 
By far the simulations and field trials have been reported regarding the feasibility of such high frequency bands for the mobile broadband uses [6]. The bandwidths from 100 MHz to 2.5 GHz have been used for the bands 10-86 GHz range. Therefore, we have a following observation for the bandwidth to be assumed in the NR system:
Observation 3: Channel bandwidth, Signal bandwidth and Channel spacing should cover at least up to an order of a couple of hundred MHz or even up to a couple of GHz. 

· Power dynamic range

In E-UTRA BS specifications, the total power dynamic range is specified at least 7.7, 11.7, 13.9, 16.9, 18.7 and 20 dB for 1.4, 3, 5, 10, 15, 20 MHz channel bandwidth, respectively. For UE, it is 63 dB, i.e., Max power is 23dBm and Min power is -40dBm for Power class 3.
The required dynamic range of the NR system should depend on the deployment scenarios to handle between the minimum and maximum coupling loss. The maximum output power is a deployment parameter necessary to discuss the dynamic range, i.e., an assumption in the BS/MS power class is required. By far in [6] a Tx power up to 31dBm has been used in a frequency range in 10-86 GHz for the expected usages of future IMT systems. Further, antenna gain up to 34.5dBi has been also used. Although the highest e.i.r.p. could be still comparable to LTE, the path loss is quite high for the bands in 24.25-86 GHz and therefore the cell range is much smaller than LTE below 6GHz. So far, the assumptions in WP5D is to define the deployment scenarios, Suburban, Urban (above rooftop), Urban (below rooftop) and Indoor, though the details are not available yet. 3GPP channel modelling work [7] is also defining scenarios for UMa, UMi, and Indoor.
In general, the NR systems in 24.25-86 GHz is to be deployed for a small cell coverage thus the dynamic range requirement is likely smaller. Furthermore, technical challenges are expected to achieve the similar dynamic range in the RF devices supporting such high frequency bands with wider contiguous bandwidth. Thus, a smaller transmitter dynamic range than LTE is anticipated. 
It is noted the antenna gain could be still variable to provide wider dynamic range and used to extend a coverage with high gain beam-forming antennas like in the AAS/FD-MIMO type of deployment. The AAS is composed of quite a large number of transmitters. Each transmitter should not require a wide dynamic range; the large number of transmitters can contribute to the dynamic range in terms of e.i.r.p. 

· Spectrum mask

In E-UTRA specifications, spectrum mask for the UE (defined from the channel edge) is dependent on the bandwidth, i.e., it is more relaxed for the wider transmission bandwidth. On the other hand, the spectrum mask for the BS is independent of the bandwidth for over 5 MHz channel bandwidths but is dependent on the BS power classes (minimum coupling loss).

Due to the foreseen technical challenges, similar emission requirements in the RF device supporting such high frequency bands with wider contiguous bandwidth are expected. Thus, we may assume a more wide-spread spectrum mask than for LTE.

The anticipated deployment in these bands is based on AAS/FD-MIMO for the downlink. The beam is steered into its intended receiver, thus the interference to other directions can be suppressed. For the uplink direction, some UL-MIMO schemes can be considered as well. The high frequency bands are expected to have a quite high path loss, so the required spectrum mask needs to be studied assuming such propagation and deployment aspects. 

· ACLR

Noted that the definitions of various ACLR requirements depend on the channel bandwidth and measurement bandwidth as found in TS 36.101 and 36.104. ACLR, most often mentioned, is 45 dB for BS and 30 dB for UE.
The concept of ACLR for the NR should be carefully studied because the system bandwidth can be quite wide and flexible. A wide range of channel bandwidth may need to be considered. Since we may assume a certain wide-spread spectrum mask, a required ACLR/ACS level should be reconsidered from the coexistence perspective taking into account the deployment aspects in the high frequency bands (as mentioned for Power dynamic range and Spectrum mask).

· Spurious emission

In E-UTRA specifications, spurious emission in SM.329 is applied. Technically speaking, Category A or B requirement is applied to the BS depending on the region (i.e., Cat B in Europe). Category B is applied globally to the UE. The spurious domain may be wider than SM.329 in E-UTRA specifications. SM.329 should be applied in principle also for the NR. Since the spurious domain may not be applicable simply for the very wideband systems, careful consideration will be needed to define it. In E-UTRA BS, the domain is over 10MHz from the operating band edge. For the E-UTRA UE it is based on a channel bandwidth dependent separation from the channel edge. 
Furthermore, for FD-MIMO/AAS type of deployment, the level of spurious emission from the large number of transmitter arrays should be considered. In Rel-13 AAS specification, it is assumed that the accumulated emissions are bounded at eight transmitters.
· Noise Figure
In IMT-Advanced system below 6 GHz, the noise figure assumptions for the MS is 9 dB and 5, 10, 13 dB for the BS depending on the BS power classes in Table 2. The required noise figure needs more analysis in deployment scenario and link budget to achieve the maximum coupling at the cell edge. By far the link budget analysis in [6] assumed Rx noise figure such as 7 dB in 28 GHz, 10 dB in 38 GHz and 60 GHz, 11 dB in 72 GHz. They are somehow within the range for IMT-Advanced parameter 5-13dB. There may be some technical challenges to have the similar RF performance in 24.25-86 GHz as below 6 GHz. Thus, the noise figures for the NR system may be similar or higher to some extent than the LTE assumptions. Further, the parameter may depend on the frequency bands.
· Sensitivity

To define the sensitivity, further details in access technology parameters (such as coding gain for the measurement channels) is required from RAN1. For the time being, we could use REFSENS defined in E-UTRA specifications but proper scaling and extrapolation would be required depending on the noise figure, channel bandwidth and coding.
· ACS

As mentioned above for ACLR, ACS level would need further analysis from the coexistence point of view.
· Blocking response

Blocking requirements (both in-band and out-of-band) need further analysis considering the coexistence scenarios in-band and adjacent band to decide the interfering signal power and bandwidth.
The above analysis indicates an overall observation about RF parameters in the following.

Observation 4: RF parameters may be modified from IMT-Advanced parameters considering the coexistence aspects in the NR deployment scenarios as well as the RF device implementation aspects in high frequency bands with wide and contiguous spectrum. 
3 Conclusion

Regarding the technology parameters considered for the NR, we have had the following observations by far.
Observation 1: The technology parameters may be band dependent in a way that the parameters are scalable and flexible in terms of frequency.

Observation 2: Access technology parameters are for RAN1 to study; however, RAN4 can discuss the RF parameters independently assuming OFDM like waveforms until further guidance is received.

Observation 3: Channel bandwidth, Signal bandwidth and Channel spacing should cover at least up to an order of a couple of hundred MHz or even up to a couple of GHz. 

Observation 4: RF parameters may be modified from IMT-Advanced parameters considering the coexistence aspects in the NR deployment scenarios as well as the RF device implementation aspects in high frequency bands with wide and contiguous spectrum. 
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