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1 Introduction
ECC PT1 sent an LS to 3GPP in April to inform the progress of regulatory work for IMT 2020/ 5G spectrum in Europe. Later in June, ECC Plenary (June 2016) tasked ECC PT1 to assess the suitability of technical conditions of ECC Decision (11)06 to 5G. And in September, ECC PT1 sent an LS to 3GPP to seek feedback on the technical parameters foreseen for introducing 5G technologies in the 3400 – 3800 MHz band. As 3400-3800MHz could be considered as a candidate NR band in 3GPP, this contribution provides some preliminary analysis of the BEM requirements defined in ECC DEC (11)06 for the band in 3.4-3.8 GHz. The analysis in the contribution is for BS only though the requirements in ECC DEC (11)06 cover both BS and UE sides, however, the requirements for BS and UE are different.
2 Discussion
The emission requirements defined in ECC DEC (11)06 are copied as below for reference. 
Table 1: Baseline power limits
	BEM element
	Frequency range
	Power limit

	Baseline 
	FDD DL (3510-3590 MHz). Synchronized TDD blocks (3400-3800 or 3600-3800 MHz depending on the chosen frequency arrangement, TDD only or FDD and TDD). 
	Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna

	Baseline 
	FDD UL (3410-3490 MHz). Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz depending on the chosen frequency arrangement, TDD only or FDD and TDD). 
	-34 dBm/5 MHz e.i.r.p. per cell


Table 2: Transitional region power limits
	BEM element
	Frequency range
	Power limit

	Transitional region
	-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 
	Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna

	Transitional region
	-10 to -5 MHz offset from lower block edge
5 to 10 MHz offset from upper block edge
	Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna


Note: For TDD blocks the transitional region applies either in the case of synchronized adjacent blocks, or in-between unsynchronised adjacent TDD blocks that are separated by at least 5 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.

Table 3: Guard band power limits for the FDD frequency arrangement
	BEM element
	Frequency range
	Power limit

	Guard band
	3400-3410 MHz
	-34 dBm/5 MHz e.i.r.p. per cell

	Guard band
	3490-3500 MHz
	-23 dBm/5 MHz per antenna port

	Guard band
	3500-3510 MHz
	Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna

	Guard band
	3590-3600 MHz
	Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna


Note: The power limit for the frequency range 3490-3500 MHz is based on the spurious emission requirement of -30 dBm/MHz at the antenna port, converted to 5 MHz bandwidth.

Table 4: Additional base station baseline power limits below 3400 MHz for country specific cases
	Case
	BEM element
	Frequency range
	Power limit

	A
	CEPT countries with radiolocation systems below 3400 MHz
	Additional Baseline
	Below 3400 MHz for both TDD and FDD allocation(1)
	-59 dBm/MHz e.i.r.p.(2)

	B
	CEPT countries with radiolocation systems below 3400 MHz
	Additional Baseline
	Below 3400 MHz for both TDD and FDD allocation(1)
	-50 dBm/MHz e.i.r.p.(2)

	C
	CEPT countries without adjacent band usage or with usage that does not need extra protection
	Additional Baseline
	Below 3400 MHz for both TDD and FDD allocation
	Not applicable


(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2) Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.

The requirements above consider both TDD and FDD frequency arrangement. But in this contribution, we are just focused on the TDD band, which means only baseline power limits, transitional region power limits and additional base station baseline power limits below 3400 MHz are analyzed. 
It is noted that the BEM emission limits are defined based on EIRP, thus the requirements are closely related to the antenna gain. For NR BS even below 6GHz, it is expected that large antenna array would be utilized. Currently, the BS max TX power is assumed to be 43dBm for mmWave NR bands. Here, we use the same assumption for 3400-3800MHz. As described in ECC DEC (11)06, in case an upper bound is desired by an administration, a value which does not exceed 68 dBm/5 MHz per antenna may be applied.The maximum beam gain could reach to 25dBi based on 43dBm output power assumption. In comparison, we also give the analysis for 17dBi antenna gain, which is used widely for LTE macro urban scenario. 
Figure 1 shows the comparison of BEM and existing LTE and MSR emission masks.
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Figure 1 Comparison of BEM and LTE emission mask
The BEM mask in Figure 1 just considers the baseline power limits for synchronized scenario and transitional region power limits. From the results above, we see that the BEM requirement is stringent at the near end spectrum immediately adjacent to the channel bandwidth edge. The higher the beam gain is, the more stringent the BEM requirement is. The comparison is based on 20MHz. For NR system, the channel bandwidth could be as large as 80MHz. The BEM would be more stringent for 80MHz BW than 20MHz BW.
The worst case would be placing the carrier at the band edge close to 3400MHz for unsynchronized scenario, e.g. the lower frequency of the 20MHz carrier is assumed to be 3410MHz, Figure 2 shows the unsynchronized BEM mask for country specific case A.
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Figure 2 Comparison of BEM and LTE emission mask (non-synchronized)
Several beam gains are supposed in the analysis. The beam characteristic of the spurious emission is not the same as that of the transmitted signal, thus the antenna gain of emissions may not be as high as the signal. Even we consider the spurious emissions are non-directional, i.e. 0dBi antenna gain, the BEM requirements for the non-synchronized scenario and the protection below 3400MHz are too stringent for NR system. 
With regard of the larger channel bandwidth and higher antenna gain for NR system, the BEM requirements defined in ECC DEC (11)06 are expected to be more stringent for NR than LTE. Especially, for the unsynchronized deployment and protection below 3400MHz, necessary guard band is absolutely needed. It is worth noting that for NR system with more antenna elements compared to the traditional system, it is more challenging for NR BS filter to implement higher rejection capability. Which implies the needed guard band could be wider for NR system, otherwise, the emission limits may need to be relaxed a little bit. 
3 Conclusion
The preliminary analysis of BEM requirements for NR in 3400-3800MHz is provided in this contribution. Compared to the existing MSR and E-UTRA emission mask, it can be seen that the EIRP based BEM requirement is more stringent for NR system in some cases. Therefore, we feel the BEM requirement adopted for legacy system, e.g. 20MHz LTE, may not be suitable for NR system, which is supposed to have larger channel bandwidth and higher antenna gain. Further evaluation and co-ordination with ECC PT1 on the NR emission mask requirement for 3400-3800MHz is needed. 
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