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1    Introduction 
In this contribution we consider spurious emission and receiver desensitization for Band 13. It is proposed that
· the spurious emission limit in the Public Safety band 763-775 MHz is that specified by FCC

· a 2 dB network signalled A-MPR is introduced to allow some margin (10 dB) to the FCC requirement

There are no RB scheduling restrictions. If the proposed spurious level -50 dBm/100 kHz is adopted for the public safety band, on the other hand, the uplink RB allocation and the output power would be severely limited for a 10 MHz channel. 
The FCC band plan for the upper 700 MHz range is shown in Figure 1: Band 13 is almost the entire Block C, and Band 14 Block D and part of the Public Safety (Broadband). The critical Public Safety narrowband allocation is 769-775 MHz for the downlink (paired with 799-805 MHz). 
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Figure 1 The public safety band and Band 13 (essentially Block C)
We start by looking at the emission into Public Safety and discuss the FCC requirements and the margins proposed to account for the provisions of FCC Part 27.64 that governs protection from interference. Then, turning to the sensitivity requirements, it is proposed that receiver desense is characterized in terms of MSR (Maximum Sensitivity Reduction), and allowed reductions are proposed for Band 13.   
2    Spurious emission into Public Safety

2.1    Emission limits

Some background to the limits first: when rules for the upper 700 MHz band (746-806 MHz) were devised, the FCC adopted 
“strict out-of-band emission (OOBE) limits for C [Band 13] and D Block licensees – i.e., requiring C and D Block base stations and mobiles/portables to attenuate their emissions by 76 + 10log P and 65 + 10logP, respectively, into a 6.25 kHz bandwidth within the public safety bands. In addition, the Commission placed guard bands between the public safety bands and the C and D Blocks to prevent C and D Block transmissions from causing receiver overload interference to public safety operations and required guard band licensees to coordinate with public safety entities to minimize the likelihood of such interference.” [1]
This means a -35 dBm/6.25 kHz OOBE limit for an LTE UE operating in Band 13, or -23 dBm/100 kHz, which is 10 dB stricter than the usual -13 dBm/100 kHz limit between commercial systems (43 + 10logP). 
Even if these stricter limits are satisfied by a cellular operator (WCS), FCC Part 27.64 states “If the FCC determines, however, that interference which significantly interrupts or degrades a radio service is being caused, it may, after notice and an opportunity for a hearing, require modifications to any WCS station as necessary to eliminate such interference.” With this in mind, an even more stringent limit of -50 dBm/100kHz = -62 dBm/6.25kHz has been proposed (discussed at RAN4#47bis), 27 dB tighter than the regulatory limit. Assuming a 20 dB antenna loss, this would correspond to a 5 m free-space UE-UE separation for a 3 dB desense of the PS device [2]. 
2.2    PS NB deployment

It is interesting to compare typical narrowband PS (769-775 MHz) and LTE deployments in order to assess the likelihood of coexistence problems. For it should be noted that a -50 dBm/100 kHz limit would imply that LTE UL transmission would be limited to 15-25 RB allocation at far edge of a 10 MHz channel with a power output < 19 dBm in all circumstances [2]; this would mean a limited LTE uplink rate and degraded coverage. The proposed limit is based on UE-UE separation with the aggressor interferer (LTE) at maximum power where spurious emission is at its worst, and the victim (PS) at the sensitivity limit. The system characteristics of the PS system is not known so we have to resort to likely standards and use the regulatory limits

The worst deployment scenario for spurious emission is that in which the aggressor and victim systems have similar cell radii and are co-sited, and are operated in close vicinity in frequency. If the nominal cell plans are very different, on the other hand, the geographical area where a noise-limited encounters a full-power LTE UE should be smaller. 

A comparison of the likely cell radii of these two systems will give some idea about the similarity in deployment. We then consider the difference in the link budget. Looking at the PS properties, we first note that all transmitters in the 769-775 MHz (PS downlink) and 799-805 MHz (PS uplink) frequency bands must use digital modulation. Since the standards to be used are not specified, we assume that the PS (digital) system has similar characteristics as the TIA/EIA-603-1 standard (analog equipment) that has been used below 1 GHz for public safety; the key features of this standard are listed in Table 1. 
Table 1: Characteristics as the TIA/EIA-603-1 standard
	Class of PS device
	Class A
	Class B

	Form factor
	Mobile, Portable
	Mobile, Portable

	Maximum output power
	30 Watts
	3 Watts

	Channel BW
	6.5 kHz
	12.5 kHz

	Modulation type
	[    ]
	Analog FM or PM

	PS RF Rx front end loss (Multi-band)
	[3 dB]
	[3 dB]

	PS receiver noise figure
	[12 dB]
	[12 dB]

	Reference sensitivity
	-116 dBm
	-113 dBm

	Faded reference sensitivity
	-108 dBm
	-105 dBm

	Adjacent channel selectivity
	60 dB
	60/50 dB (portable)

	Spurious response rejection
	80/70 dB (portable)
	70/60 dB (portable)


For the PS base station, power and height limitations are specified in §§ 90.541. The maximum EIRP is 60 dBm, but from the provisions of this subpart it is however not clear if the base stations actually must comply with the height limitations in the referred Part 90.635. Comparing with LTE we note that this power limitation is similar: a maximum output power of 43 dBm and a 17 dBi antenna gain would amount to the same. 
For the LTE sensitivity comparison we assume that the nominal cell plan is determined by the PDCCH coverage (and that link budgets are balanced). Assuming a -2 dB SNE requirement according to the provisional RAN4 simulation results, we obtain a sensitivity of 

-174 dBm + 70 dBHz + 9 dB – 2 dB = -95 dBm/9 MHz,
for a 10 MHz channel with a 9 dB noise figure (short term fading margin included in the SNR that implicitly assumes an ETU channel).

The link budgets then; the base station EIRPs are the same for both systems, and assuming that the UE antenna gains are the same (PS often has good external antennas but LTE diversity), the difference in the link budgets is simply the difference of the sensitivity limits:  
-95 dBm/9 MHz – (-105 dBm/12.5 kHz) = 10 dB.
This means that PS has larger cell radius and thus better coverage, which is not surprising since the bandwidth is smaller.
If we assume an Okumura-Hata type propagation model with a path loss exponent of 3.2 the ratio of cell radii in the nominal cell plans of PS and LTE is
RPS / RLTE = 1010/32 ~ 3

for the operating frequency (around 770 MHz) makes no difference w r t path loss. This scenario is illustrated in Figure 2.
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Figure 2: PS (red) and LTE (green) cells.
Hence the deployment scenario for PS and LTE should be different, and we do not have the worst case scenario. 
· In urban- and suburban areas the PS coverage is by means of much larger cells than LTE; the LTE UE has many sites to connect to and the probability of using the maximum power (where spurious emission is at it worst) is smaller [3]. 

· In rural areas there could perhaps be co-siting to reduce costs (towers and site facilities) but then the PS cell is much larger. 
It is therefore questionable if a limit 27 dB tighter than the (strict) FCC limit should be adopted. Furthermore, if the PS nominal cell plan would be designed for a -105 dBm sensitivity, assuming the UL is not limiting, then the fast fading margin is 8 dB according to Table 1, and we operate 16 dB above the PS noise level
-174 dB[mW/Hz] + 12 dB (NF) + 41 dBHz = -121 dBm/12.5kHz. 

A 3 dB desense (same interferer level as the above) that is the basis for the -50 dBm/100 kHz proposed spurious level would therefore not change the PS outage significantly. 

To sum up, from the simplified analysis it appears that the worst case coexistence deployment scenario is not likely. However, considering the provisions of Part 27.64 and the liability of the WCS provider, some margin to the FCC limit is reasonably, but 27 dB appears excessive. In [2] a 10 dB margin was proposed w r t the FCC limit. We have of course not considered all possible PS standards, but the difference in bandwidth between LTE and PS should imply that there the cell radii would be very different in general.
2.3    Estimated spurious emission
A margin to the FCC requirement requires some power reduction, bandwidth or RB allocation restrictions. In [2] an allowed 2 dB power reduction was proposed for a 10 dB margin, but without scheduling restrictions. Next we take a further look at the spurious emission levels.

The single PRB case is challenging due to the high PSD and the intermodulation with the IQ image (27 dB IQ imbalance assumed here): a 23 dBm single PRB at an unfortunate allocation may even exceed the FCC limit. Here we have assumed that the TX duplex filter does not provide any attenuation just outside the LTE band at 775 MHz, but it will provide some additional attenuation at the far PS NB band edge at 769 MHz.  

Figure 3 shows the transmitted signal for a 10 MHz channel [4] with full allocation and a single PRB at the channel edge (PUCCH). A specific Tx architecture has been assumed, slightly different from that used in [2]. Front-end imperfections are moderately aggressive using current technology, and the operating point of the non-linear PA model is chosen in order to have similar power consumption as for WCDMA. For the single PRB case, the PUCCH, the closest OOB peaks occur due to 3rd order non-linearities 8.5 MHz outside the 10 MHz channel at fRB + (fRB – fimage). The emission level is -35 dBm/30 kHz ~ -40 dBm/6.25 kHz, which is 5 dB below the FCC limit. 

For the PUCCH allocation the duplexer may in fact provide some attenuation. Figure 4 shows provisional data for the TX filter of Band 13 duplexer (room temperature). For the PUCCH this particular duplexer provides 5-10 dB additional allocation, not considered above. Single PRBs closer to the carrier frequency will fall closer to the PS 775 MHz band edge and be more problematic, PUCCH is in fact the most favourable allocation. The temperature variation of the duplexer has not been accounted for here, higher temperatures will typically push the filter response to lower frequencies so slightly less PUCCH attenuation then. 
It should be noted that LO leakage around DC has not been included in the results shown in Figure 3. This would cause similar harmonic products as the ones caused by IQ imbalance: closer to the band edge but typically smaller.

Hence we conclude that 

· PUCCH is not the most challenging allocation for the 1 PRB case and 10 MHz channel bandwidth, allocations closer to the carrier is worse for then the duplexer will not help.
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Figure 3: Transmitter spectrum for 10 MHz. Spectrum emissions for 10 MHz system with varying RB allocations using a realistic Tx front-end. WCDMA mask included for information.
[image: image4.emf]
Figure 4: The TX filter response of a 700 MHz duplexer, 16 MHz/Div along the abscissa. Markers 3 and 4 delimit the TX band, 1 and 2 the RX band.

Turning to larger allocations, we repeat some results from [2] in Tables 2 and 3, that show the maximum emission levels for RB allocations at the lower and upper LTE channel edges, respectively. It can be seen that the FCC limit of -35 dBm/6.25 kHz can be met in all cases (50 PRB can be used at 22 dBm output power), whereas a -50 dBm/100kHz = -62 dBm/6.25kHz implies that UL transmission is limited to 15-25 at the far edge with power output < 19 dBm (Table 3).
Table 2: Band 13, QPSK, 10 MHz, max dBm/6.25 kHz in PS band

	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0

	-39.4
	-38.5
	-38.2

	-38.3

	-38.4

	-39.1


	21.0
	-42.6
	-43.3
	-44.1
	-44.3
	-44.2
	-45.2

	20.0
	-46.1
	-47.3
	-48.2
	-48.6
	-48.6
	-49.5

	19.0
	-49.7
	-49.3
	-49.8
	-50.0
	-50.3
	-50.7


Table 3: Band 13, QPSK, 10 MHz, max dBm/6.25 kHz in PS band, PRB at the far end

	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0

	-56.9
	-53.3
	-50.4
	-47.7
	-40.7
	-39.1


	21.0

	-59.5
	-57.4
	-54.1
	-49.9

	-46.0

	-45.2


	20.0

	-63.3
	-62.2
	-57.7
	-53.4
	-50.4
	-49.5


	19.0

	-67.2
	-67.2
	-61.6
	-57.0
	-52.0
	-50.7



For the 10 MHz allocation, larger contiguous blocks, > 15 RB say, should be scheduled towards the upper edge, and small RB allocations at high power about 2 MHz from the lower channel edge should be avoided (i.e. not the PUCCH). This suggests that e.g. scheduling behaviour would be difficult to devise in a general case even if the FCC limit is adopted, the constraints are tighter the lower the spurious emission limit. 
If Band 13 is deployed as two 5 MHz channels, the PUCCH will be more problematic since it falls right at the PS upper edge with no duplexer attenuation. Using the low 5 MHz as a guard band would have an impact on spectral efficiency and is worse for the A-GPS case. 
Reverting to the margin, we note that if a 2 dB power back-off providing a 10 dB margin is acceptable, then the single PRB as well as the larger RB allocations are feasible and there is no need to put constraints on scheduling. This should also work for narrower bandwidths (FFS). This would not be the case for the -50 dBm/100 limit, 27 dB below the FCC limit: the likely difference of the nominal cell plans and deployment of PS and LTE suggests that this would be aggressive as shown in Section 2.2.
2.4   Proposal for A-MPR in TS 36.101
Part 27.54 is general and states that FCC may require modification of the LTE system even if the spurious limit is satisfied (after allowing for hearing) in case serious interference occurs. To provide some margin in the general case one could consider the above proposed back-off of the output power to 21 dBm which would provide a 10 dB margin to the FCC emission requirement. This could be captured by an allowed A-MPR that is signaled, the change to the standard is shown below.
Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_01
	-
	-
	-
	
	

	NS_02
	6.6.2.4.1
	1, 6, 9, 11
	10
	> 42
	≤ 1

	
	
	
	15
	> 44
	≤ 1

	
	
	
	20
	> 48
	≤ 1

	NS_03
	6.6.2.2.1
	2, 4,10, 35, 36
	3
	>5 
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	5
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	10
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35,36
	15
	>8
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35, 36
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	TBD
	TBD
	TBD
	

	NS_05
	6.6.3.3.1
	12
	10,15,20
	> 50for QPSK
	≤ 1

	NS_06
	6.6.2.2-3
	13, 14
	1.4, 3, 5, 10
	n/a
	n/a

	NS_07
	6.6.3.2
	13
	1.4, 3, 5, 10
	n/a
	≤ [2]

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	Note:
0 ≤A-MPR ≤ 3

Note2: Applicable when the edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to 1920MHz + the Channel BW assigned. Operations below this point are for further study.


The A-MPR value is put in between square brackets until bandwidths < 10 MHz are studied (the PSD may be larger for the smaller bandwidths). The spurious limit in the PS band should still be that specified by FCC. 
2.5    Spurious emissions into Band 5, 12 and 14

For spurious emissions between E-UTRA operating bands, limits between -55 dBm/1 MHz [5] and -50 dBm/100 kHz have been discussed.  However, for Band 13 FDD operation none of these pose a problem in practice since the duplexer helps reducing spurious emission (a virtue of FDD). From Figure 4 it is evident that the duplexer will provide of the order of 30 dB additional attenuation at the neighbouring bands 5 and 12. Band 14 a bigger problem, but uncertain E-UTRA deployment for the moment. 
3    Desense for Band 13 
3.1 Method

Next we revisit the desensitization using the TX/RX port only or both ports (see previous results in [6]). For the TX/RX branch the reduction of sensitivity is (see [6] for explanation of the symbols)

(3.1)
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with  a margin for the TX noise that is already implicit in the REFSENS values. This formula can be used for the Point B method too for one then decreases the output power until MSR = 1. 

For two-port testing the degradation of actual SNR assuming a given wanted signal and the same minimum performance per branch

(3.2)
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In conductive tests (with the antennas disabled) the coupling between the branches Lcpl is normally high, but for calculating the MSR the value should not be too excessive too account for the TX blocker that could be limiting for the RX-only branch. A value of 10 dB is assumed here, so that the OOBE in the receive band would be dominating. 
Another aspect on (3.2) is imperfect MRC combining for it is assumed implicitly that the MRC is perfect and the SNR can be added. The relation is a relation of the sum of SNRs with full RB allocation and that required for the REFSENS value. The imperfection could be modeled by assuming that the SNR (ideal) per branches are weighted by a constants 
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where the primed SNRs are relevant for the full RB allocation (causing desense). 
[image: image9.wmf]1

min

<

j

b

 could for example be set to -1 dB so that the combining for the REFSENS results in a 2 dB gain instead of a perfect 3 dB. The imperfect combining should be accounted for in the implementation margin used for obtaining REFSENS (2.5 dB assumed in total).

If per-port testing is used the desense will be determined by the TX/RX port as governed by (3.1).  For two-port tests (3.2) indicates the combined filter performance of the branches and the on-board cross-talk without antennas included. This would also give an indication of the desense in practice, although an OTA test is needed to give a more complete picture with antennas enabled. 
3.2  MSR or Point B?

It has been decided to specify the desense in terms of an allowed reduction of TX output power for full RB allocation (Point B) rather than the desense at full TX power (MSR). This does however not consider the practical testing and the accuracy of the TX power at different levels. Normally the TX power is calibrated at full power to e.g. satisfy SAR requirements and the tolerance at maximum power. At lower levels the accuracy is often poorer depending on the implementation. Hence reverting to MSR would most likely give more accurate testing results. Moreover, MSR would give operators an idea of the expected desensitization at full power, while still giving an idea of the power reduction needed for full uplink RB allocation. 

3.3   MSR and ‘Point B’ results for Band 13

To give examples of MSR we use the ACLR3 (corresponds to receive band) values in Table 4, which are measured in a receive bandwidth equal to the RB allocation (maximum per channel bandwidth), see also [6].
Table 4: ACLR3 for different bands

	
	25 RB
	50 RB
	75 RB
	100 RB

	Band 13
	70.0 dB
	60.0 dB
	
	


The duplexer loss is set to 45 dB, and the insertion losses 3 dB on both the transmitter and receiver filter. The output power is fixed at 25 dB (22 dBm after the transmit filter accounting for a 1 dB MPR). The results are shown in Table 5 for the TX/RX-branch and two-ports according to (3.1) and (3.2), respectively (diversity the lower number). Here we have assumed a tighter  = 0.1 dB.
Table 5: Maximum Sensitivity Reduction

	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

	1
	
	
	
	
	
	
	FDD

	2
	
	
	
	
	
	
	FDD

	3
	
	
	
	
	
	
	FDD

	4
	
	
	
	
	
	
	FDD

	5
	
	
	
	
	
	
	FDD

	6
	
	
	
	
	
	
	FDD

	7
	
	
	
	
	
	
	FDD

	8
	
	
	
	
	
	
	FDD

	9
	
	
	
	
	
	
	FDD

	10
	
	
	
	
	
	
	FDD

	11
	
	
	
	
	
	
	FDD

	12
	
	
	
	
	
	
	FDD

	13
	
	0
	
	15.5/8.0
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	Note 1:
The transmitter shall be set to maximum output power level with MPR applied 



For calculating the Point B power level, one should observe that, in a practical implementation, ACLR3 does not necessarily decrease very much below the value in Table 4 as the output power is decreased (e.g. power saving reasons). The tentative power level given in Table 6 is based on an assumed ACLR3 of 65 dB. 
Table 6: TX power at full RB allocation

	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

	1
	
	
	
	
	
	
	FDD

	2
	
	
	
	
	
	
	FDD

	3
	
	
	
	
	
	
	FDD

	4
	
	
	
	
	
	
	FDD

	5
	
	
	
	
	
	
	FDD

	6
	
	
	
	
	
	
	FDD

	7
	
	
	
	
	
	
	FDD

	8
	
	
	
	
	
	
	FDD

	9
	
	
	
	
	
	
	FDD

	10
	
	
	
	
	
	
	FDD

	11
	
	
	
	
	
	
	FDD

	12
	
	
	
	
	
	
	FDD

	13
	
	
	
	[5]
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	Note 1:
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