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Introduction

In RAN4-51bis a contribution about BS emission requirements in band 20/XX and a possible solution for implementing the requirements in the specifications was presented [1]. In this contribution we study the mentioned requirements methods for implementing the requirements in the specifications.

In-Band requirements

The emission limits for the BS in the draft ECC decision use EIRP, i.e. they also take the antenna system into account. The current 3GPP requirements use the antenna connector as the reference point. Calculating EIRP from power at the antenna connection is relatively straight forward if the parameters of the antenna system are known.

The limits in the band 790-862 MHz set in the draft ECC decision [2] are shown in table 1:

Table 1: Draft ECC decision emission requirements for FDD

	Frequency Range
	Level
	Measurement BW

	790 – 791 MHz
	17.4 dBm
	1 MHz

	FDD downlink lower band edge (791 MHz) to –10 MHz from FDD lower block edge
	9 dBm
	1 MHz

	–10 to –5 MHz from FDD lower block edge
	18 dBm
	5 MHz

	–5 to 0 MHz from FDD lower block edge
	22 dBm
	5 MHz

	0 to +5 MHz from FDD upper block edge
	22 dBm
	5 MHz

	+5 to +10 MHz from FDD upper block edge
	18 dBm
	5 MHz

	+10 MHz from FDD upper block edge to FDD uplink lower band edge (732 MHz)
	9 dBm
	1 MHz

	732 – 762 MHz, FDD uplink
	-49.5 dBm
	5 MHz


In this section we calculate the maximum antenna gain that a BS may have if the BS complies to the generic requirements specified for other bands and still should meet the ECC requiremnts.

For LTE the adjacent channel attenuation should be 45 dB to the first and second adjacent carrier. For UTRA the requirements are 45 and 50 dB respectively. For a BS with 46 dBm output power using a carrier bandwidth of 5 MHz the emissions levels into the first and second adjacent block becomes 1 dBm/5MHz for LTE and for UTRA 1 dBm/5MHz  and -4 dBm/5MHz  respectively. This gives room for antenna gain of 17 dB for LTE and 21 dB for UTRA.

The measurement bandwidth used when measuring ACLR is slightly narrower than 5 MHz which reduces the headroom for antenna gain. When wider LTE bandwidths are used the ACLR measurement bandwidth also becomes wider. Thus less energy falls into the adjacent 5 MHz block and this increases the available antenna gain.

For the emissions in the operating band, but outside the two blocks adjacent to the carrier the emission requirements in the current specifications are set to -16 dBm / 100 kHz for LTE and UTRA. The way the operating band is defined there is 1 MHz of the duplex gap (i.e. 731-732 MHz) is not part of the operating band domain. Here the requirement is -36 dBm/100 kHz. Thus a BS will emit at most -6 dBm/MHz. Thus requirements will be implicitly fulfilled if the antenna gain is less than 15 dB.

For the frequency range 790-791 MHz the worst case is when an 5 MHz carrier is used in the block 791-796 MHz. If we integrate over the masks for LTE and UTRA we get signal levels of 2.4 dBm and -2.5 dBm. Thus the requirements will be fulfilled if the antenna gain is less than 15 dB for LTE and almost 20 dB for UTRA.

Out-of-band requirements

The draft ECC sets specific requirements for the protection of broadcasting services. There are three levels of protection. This is captured in table 2.

Table 2: Baseline requirements – BS BEM out-of-block EIRP limits over frequencies occupied by broadcasting.

	Case
	Frequency 

range
	Condition on base station in-block EIRP, P 

dBm/{10 MHz}
	Maximum mean 
out-of-block EIRP
	Measurement 
bandwidth

	A
	For DTT frequencies where
broadcasting is protected
	P ( 59
	0 dBm
	8 MHz

	
	
	44 ( P < 59
	(P-59) dBm
	8 MHz

	
	
	P < 44
	-15 dBm
	8 MHz

	B
	For DTT frequencies where
broadcasting is subject to an intermediate level of protection
	P ( 59
	10 dBm
	8 MHz

	
	
	44 ( P < 59
	(P-49) dBm
	8 MHz

	
	
	P < 44
	-5 dBm
	8 MHz

	C
	For DTT frequencies where broadcasting is not protected
	No conditions
	22 dBm
	8 MHz


The extra dimension added in this requirement is that the requirement varies according to the output power. However if we assume a 46 dBm BS for 10 MHz operation or 43 dBm for 5 MHz channel bandwidth and antenna gain of 15 dB the EIRP becomes 61 dBm and the first row applies.

If we integrate the emission masks for LTE and UTRA in the range 782-790 MHz (DVB channel 60) assuming that the carrier is placed in the lowest block we see that the a LTE BS emits 6.9 dBm in channel 60 and an UTRA BS emits -3.8 dBm. Again assuming an antenna gain of 15 dB we can calculate the extra suppression needed to meet the requirements. These values are listed in table 3:

Table 3: Extra suppression needed to meet regulatory requirements using a 15 dB antenna
	Case
	LTE
	UTRA

	A (0 dBm)
	21.9 dB
	11.2 dB

	B (10 dBm)
	11.9 dB
	1.2 dB

	C (22 dBm)
	-0.1 dB
	-10.8 dB


It seems like these requirements may be difficult to fulfil by default. Notice that for lower output EIRP the requirement is tightened so reducing antenna gain or output power is not sufficient. 
Discussion

For antenna gains of less than 15 dB most of the regulatory requirements will be fulfilled using the generic requirements for LTE and UTRA respectively. The only exception is the requirements for protecting broadcasting bands. If higher antenna gains are needed by default additional emission limits will have to be set in the form of additional in-band emission limits. The assumed antenna gain is an issue that needs further consideration.

It may be difficult to directly translate the regulatory requirements set by ECC since they requires inclusion of antenna gain. It seems there are three different methods for handling the matter:

1. 
The supported antenna gain can be declared by the manufacturer and the requirements can be written accordingly as suggested in [1].

2. 
The requirements can be written with a specific antenna gain in mind. This would avoid the difficulties with requirements based on an antenna gain. On the other hand this may lead to lengthy discussions about exactly which antenna gain that should be assumed.

3.
The standard could be written without specific regional requirements in mind. The specific regional requirements could then be handled within the regional standards body, which in this particular case would be ETSI. The compliance to the European regulations in the 2.6 GHz band is handled in this way. If nothing else this approach would simplify the work in 3GPP.

We can see merits in all cases, however considering the complexities involved in implementing EIRP requirements in the standards we would prefer option 3.

To be able to proceed with the issue it is necessary to agree on which principle to use for implementing the ECC requirements. Once that is done the details can worked out. In this paper we have investigated the implications of various principles.
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