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1 Introduction
In this contribution we look at the feasibility of 10, 15 and 20 MHz channel for the European 800 MHz band. The harmonised frequency arrangement is 2 x 30 MHz with a duplex gap of 11 MHz, based on a block size of 5 MHz, paired and with reverse duplex direction. This arrangement along with technical conditions is described in CEPT Reports 30 and 31, which form the basis for the ECC Decision [1]. The FDD downlink starts at 791 MHz and FDD uplink starts at 832 MHz, see Figure 1.
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Figure 1: the European 800 MHz band.
The technical conditions for the harmonised band are defined in CEPT Report 30 and the ECC Decision (annex 3), these are defined relative to a frequency boundary and not in absolute frequency. We will take look at compliance of the proposed in-band and out-of-band emission limits for 20 MHz E-UTRA channels, but start by estimating the desense and maximum sensitivity degradation (MSD) for the wide bandwidths. It is assumed that diversity will be used despite the longer wavelength in this band. 
2 REFSENS and MSD for bandwidths up to 20 MHz
We start with a brief discussion of formulae used for estimating receiver desensitization.

Estimating the desensitization with two-branch diversity is described in [2], which also describes the notations below in more detail and their relation to e.g. duplex filter parameters. Repeating some, we note that if the transmitter noise
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with c the amplitude of coupling between the branches, then the desense can be estimated by the usual MRC (Maximum Ratio Combining) expression 
(2.2)
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Notice that this may still be a good approximation also under conditions other than (2.1). If the transmitter noise is dominating at both branches, 
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(2.3)
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which may also be used as an upper bound of desense for diversity with MRC standard weights (the interference fully correlated). However, (2.3) is not a reasonable approximation when 
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 (but the standard MRC may be), then one can resort to the expression for the main TX/RX branch for a conservative estimate of the minimum performance:
(2.4)
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The transmitter- and receiver noise are obtained as
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where Lrx is the receive insertion loss, atx-rx the duplexer isolation, B the bandwidth and  a margin for the TX noise that is already implicit in the REFSENS values above. Fmax is the noise factor assumed for the reference sensitivity (the range 9-12 dB plus the implementation margin for impairments of 2.5 dB but excluding the TX noise), and Lcpl is the coupling between the branches. Note that Pout is the PA power output before the TX filter of the duplexer, and the ACLR is measured in the entire receive bandwidth and related to the output power (thus dBc). The relation REFSENS (dBm) is
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 dB. 
Based on data from duplexer filter vendors the following assumptions are made:

· the duplexer attenuation at RX set to a minimum 43 dB (typical value estimated at 46 dB)

· RX insertion loss set to a more typical of 3 dB since the bandwidth studied comprise more than 1/3 of the passband

· TX insertion loss to a maximum 3 dB (estimated)

· the branch coupling of Lcpl = 10 dB with antennas disconnected, represents coupling at the duplexer inputs
· Pout-ant at antenna 22 dBm (MPR = 1 dB)

· the margin  = 0.5 dB accounting for TX noise in the REFSENS figures
Given the insertion losses we assume that the E800 band has the same REFSENS performance as Band 8, which also mean the same performance as Band 3 for larger bandwidths, see Table 1. 

Table 1: Estimated Reference sensitivity PREFSENS  for E800 (QPSK)
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD


The ACLR is obtained using a realistic PA model; the results are given in Table 3 in dBc for the given duplex spacing of 41 MHz. It is assumed that the uplink PRB are allocated at the lower edge of the transmit band, closest to the receive band. 
Table 2: ACLR (dBc) for different bandwidths and uplink transmission bandwidths
	20 MHz

	Output power
	25 RB
	50 RB
	75 RB
	100 RB

	22
	63.0
	58.7
	51.2
	47.3

	21
	65.9
	62.1
	55.3
	49.9

	20
	69.4
	65.9
	58.9
	52.2

	15 MHz

	Output power
	25 RB
	50 RB
	75 RB
	

	22
	70.7
	62.9
	56.4
	

	21
	73.7
	67.0
	60.1
	

	20
	76.8
	70.9
	64.9
	

	10 MHz

	Output power
	25 RB
	50 RB
	
	

	22
	76.4
	67.0
	
	

	21
	81.1
	71.0
	
	

	20
	87.4
	75.2
	
	


The resulting MSD is shown in Table 3. In general, for the 15 and 20 MHz cases the transmitter noise will be the dominating disturbance at the input of both receiver branches so (2.3) is used. In some cases the ACLR is large, then the single port expression (2.4) has been used (the results under Note 1 in Table 3). For 10 MHz with a 25 PRB allocation at 3 dB power backoff, there is no desensitization. Note, however, that the formulas above yield estimates only.
Table 3: Desense (dB) with diversity
	20 MHz

	Output power
	25 RB
	50 RB
	75 RB
	100 RB

	22
	6
	8.5
	15
	19

	21
	5
	6.5
	11.5
	16.5

	20
	31
	5
	8.5
	14

	15 MHz

	Output power
	25 RB
	50 RB
	75 RB
	

	22
	3.5
	6.5
	11.5
	

	21
	3
	4.5
	8.5
	

	20
	1.51
	3.5
	5.5
	

	10 MHz

	Output power
	25 RB
	50 RB
	
	

	22
	2.51
	5.5
	
	

	21
	0.51
	4
	
	

	20
	0
	3
	
	

	Note 1: result based on (2.4)


Regarding the feasibility of larger channel bandwidth, we note that the desense for the 20 MHz channel is significant for larger allocations, even if reduced by diversity operation. The desense estimate would be about 7 dB larger had we considered the main TX/RX branch only according to (2.4). The same can be said about the 15 MHz bandwidth. 
For the reference sensitivity test, the results indicate that the maximum uplink allocation should be restricted to 15-20 PRB for the 15 and 20 MHz channels. For the 10 MHz channel, 20 PRB should be achievable, similar to that for e.g. Band 13 that has a smaller duplex separation but has a narrower pass-band.

In practice the traffic is often asymmetric, and under noise limited conditions the uplink allocation is often smaller than the downlink allocation (the uplink is typically limiting at the cell edge if the downlink is not severely desensitized).  This means that the 15 and 20 MHz may still be feasible, particularly at lower UE output powers.
3 Spurious emission
The technical conditions for the European 800 MHz band include emission limits for the Terminal Station (UE), contained in Annex 3 of the ECC June Decision. For the base station the emission limits are specified in terms of EIRP. However, the method of measurement for the UE emission limits is not defined at present, and will be considered during the public comment period of the CEPT Report 30. Total Radiated Power (UE) may be more relevant for the UE, while EIRP could relevant for e.g. MIMO on a device laptop. 
The emission limits for FDD terminal stations (TS) are shown in Tables 4 and 5.  

Table 4: In-band TS emission limits
	
	Frequency Range
	Requirement
	

	
	
	
	

	General requirement for protecting DL of other users of the band
	791 – 821 MHz
	-37 dBm/5MHz
	

	Band edge to 10MHz from carrier edge
	821 – (FCEL-10) MHz
(FCEH+10) -  862 MHz
	-18 dBm/5MHz [or -25 dBm/MHz]
	

	Adjacent 5 MHz block
	FCEL-5 – FCEL
FCEH – FCEH+5
	1.6 dBm/5MHz
	

	Second adjacent 5 MHz block
	FCEL-10 – FCEL-5
FCEH+5 – FCEH+10
	-6 dBm/5MHz
	


Table 5: Out of band TS emission limits
	
	Frequency Range
	requirement
	

	Protection of broadcast receivers 
	-790 MHz
	-65 dBm/8MHz
	


Next we look at the emission in two cases: for a 20 MHz for which spectral re-growth is a concern, and 1 PRB allocation at the channel edge (PUCCH) with high power spectral density. 

Figure 2 shows a 20 MHz channel with 100 PRB at 21 and 22 dBm output power measured in dBm/15kHz. The results are based on simulations based on a realistic PA and non-ideal mixing. For the following, we assume that TRP is considered for the UE and assume a 0 dB efficiency (the limits in Tables 4 and 5 are then identical to conductive limits), which is a worst case assumption. However, if EIRP is used, the conductive limits need further reduction for compliance with the emission limits assuming that antennas are broadband.
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Figure 2: unwanted emissions from a 20 MHz channel.
Figure 3 shows the same results but displayed as dBm/5MHz for comparison with the in-band limits in Table 4. We observe that compliance of the requirements applicable within adjacent 5 MHz blocks is subject to the interpretation of the measurement procedure in the draft ECC Decision [1]:
“The BEMs are presented as upper limits on the mean EIRP defined as the maximum EIRP value measured or integrated by an RMS detector over the specified measurement bandwidth, and over an averaging time interval of a signal burst duration. In general, and unless stated otherwise, the BEM levels correspond to the power radiated by the relevant device irrespective of the number of transmit antennas, except transition requirements which are specified per antenna.”

From Figure 2 it is apparent that sweeping the 5MHz measurement filter downwards from the lower channel edge would obviously exceed the emission limits right outside the carrier. Looking further away form the carrier, the -18 dBm/5 MHz requirement that is 10 MHz away from the channel edge could be a problem for the 15 MHz channel bandwidth without additional MPR (the requirement no applicable for the 20 MHz with a 30 MHz pass-band assuming “carrier edge” refers to the nominal carrier bandwidth). The requirement in the RX band 791-832 MHz is no problem assuming a 40 dB duplexer attenuation at RX.  
Figure 4 shows the results for the 1 PRB allocation displayed in dBm/5 MHz. The requirements in Table 4 would not be met for the 20 MHz channel (other bandwidths FFS) just outside the allocated RB within the adjacent 5 MHz block, but the final conclusion depends on the measurement procedure just as for the previous example. Note that the image rejection is slightly better than 25 dBc.
Figure 5 shows the 100 PRB results again but displayed in dBm/8MHz. The out-of-band requirement for protection of broadcast services below 790 MHz (Table 5) is met right below 790 MHz assuming a duplexer attenuation of 40 dB, the duplexer rejection will decrease at lower frequencies but so will also the spectral density further away from the carrier (more studies needed). 
Looking at the 3GPP additional spurious emission requirements for UE coexistence, the generic requirement of 
-50 dBm/MHz will be met for Band 8, but could possibly be problematic in countries within Region 1 with Band 5 deployments. The TX duplexer might not supply sufficient attenuation in the spurious domain (starts above 887 MHz) since on “the wrong side” of the filter. In the out-of-band region (Band 5 receive band starts 7 MHz from the uplink band) the unwanted emission problem is more difficult just like for many LTE coexistence scenarios for the existing bands.
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Figure 3: unwanted emissions from a 20 MHz channel for comparison with in-band emission limits
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Figure 4: unwanted emissions from a 1 PRB at the edge of a 20 MHz channel for comparison with in-band emission limits
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Figure 5: unwanted emissions from a 20 MHz channel for comparison with out-of-band emission limits
4 Conclusions

Channels bandwidths of 10, 15 and 20 MHz are feasible for the E800 band with restrictions. For the reference sensitivity requirement the uplink allocation should be limited to less than 25 PRB with the UE transmitter at full power. For full 100 PRB allocation of the 20 MHz bandwidth, the desense is estimated at 19 dB if diversity is considered, 26 dB for the main diversity branch considered on its own.

Turning to spurious emission, the in-band emission requirement of -18 dBm/5 MHz 10 MHz away from the carrier but still within the TX passband may need A-MPR for certain bandwidths. Otherwise, compliance of the in-band limits is subject to the definition of the measurement procedure: the relation between radiation and conductive limits as well as the choice of measurement bandwidths. 
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