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1
Introduction

FCC revised the service rules on the AWS-4 band (uplink 2000-2020 MHz, downlink 2180-2200 MHz) in the recently released AWS-4 order [1]. This is the E-UTRA Band 23. The existing Band 23 specifications do not reflect the new service rules, and hence need to be reviewed. This document presents the results of a UE A-MPR simulation campaign according to the new rules, and draft A-MPR tables for the band.
2
A-MPR simulation assumptions
The uplink spectrum is 2000-2020 MHz, and the following spectral emission masks have been defined for coexistence purposes:
· –50 dBm/MHz over 1930-1990 MHz

· –40 dBm/MHz over 1990-1999 MHz

· –40 dBm/(0.01*CBW) over 1999-2000 MHz; CBW denotes the used channel bandwidth

· EIRP of +7 dBm/5 MHz over 2000-2005 MHz

Notably, the 2000-2005 MHz emission limit is EIRP. In the context of this document, we assume 0 dBi antenna gain.
In addition, the regular SEM relative to carrier bandwidth is the NS_03 / NS_11 SEM according to section 6.6.2.2.1 in TS 36.101 [2].
The UE simulation performance assumptions were as follows:
· Modulator LO and IQ image suppression of 25 dBc.

· Modulator Counter IM3 suppression of 60 dBc.

· PA operating point calibrated for each CBW separately with fully populated QPSK carrier and 1 dB MPR. At the operating point, the ACLR and generic SEM requirements are just met, and this operating point is used for all resource allocations for that CBW. The limiting factor in calibration was always UTRAACLR1 (minimum 33 dB).

· No extra attenuation was assumed due to duplex filter, i.e. flat 4 dB post PA losses were assumed over all frequencies. However, a simulation with 10 dB extra attenuation (i.e. total 14 dB attenuation) at frequencies ≤1990 MHz was conducted, and the relevant results are presented in the following section.
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Figure 1: Example emission spectrum with 20 MHz uplink.
Figure 1 shows an example of the emissions, and the SEM against which the emissions are evaluated. For all frequencies ≤1999 MHz, 1 MHz measurement bandwidth (lowest of the three curves) is used. For frequencies 1999-2000 MHz, 200 kHz measurement bandwidth is used (for 20 MHz CBW; narrower channel bandwidths also use narrower measurement bandwidth as discussed above). Also shown is the evaluation of output power at 2000-2005 MHz (this translates directly to EIRP, if we assume 0 dBi antenna gain).
3
Simulation results

With the above listed simulation assumptions, we simulated 5, 10, 15, and 20 MHz CBWs at each applicable position within the 2000-2020 MHz uplink band with 5 MHz raster. For each carrier bandwidth at each position, all legal resource allocations were simulated, and the required A-MPR to pass the SEM evaluation was recorded. The results for the relevant carrier positions are presented below.

3.1
5 MHz CBW

A 5 MHz carrier was simulated at 4 center frequencies: 2002.5 MHz, 2007.5 MHz, 2012.5 MHz, and 2017.5 MHz.

Carrier frequency 2002.5 MHz

Since all transmit power falls within the 2000-2005 MHz range, the required A-MPR is 16 dB for L_CRB ≤8, and 15 dB for L_CRB >8.

Carrier frequency 2007.5 MHz

The A-MPR for each RB_start / L_CRB combination is shown in Figure 2, and the corresponding A-MPR table in Table 1. 
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Figure 2: A-MPR vs. resource allocation for 5 MHz CBW, fc = 2007.5 MHz.
Table 1: A-MPR for 5 MHz CBW, fc = 2007.5 MHz.
	RB_start
	0-3
	4-5

	L_CRB
	15-19
	≥20
	≥20

	A-MPR
	≤1
	≤4
	≤1


Carrier frequencies 2012.5 and 2017.5 MHz

No A-MPR is needed to meet the SEM.
3.2
10 MHz CBW

A 10 MHz carrier was simulated at 2 center frequencies: 2005 MHz and 2015 MHz

Carrier frequency 2005 MHz

Half of the resource blocks fall within 2000-2005 MHz, hence causing significant A-MPR (up to 16 dB as discussed earlier). PUCCH overprovisioning will not reduce A-MPR needed for PUCCH transmissions, thereby making the deployment inefficient. A flat 16 dB may be used as A-MPR.
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Figure 3: A-MPR vs. resource allocation for 10 MHz CBW, fc = 2005 MHz.
Carrier frequency 2015 MHz

The A-MPR for each RB_start / L_CRB combination is shown in Figure 4, and the corresponding A-MPR table in Table 2. 
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Figure 4: A-MPR vs. resource allocation for 10 MHz CBW, fc = 2005 MHz.
Table 2: A-MPR for 10 MHz CBW, fc = 2015 MHz.
	RB_start
	0-5
	6-10

	L_CRB
	≥36
	≥40

	A-MPR
	≤4
	≤2


3.3
15 MHz CBW

A 15 MHz carrier was simulated at the center frequency 2012.5 MHz

Carrier frequency 2012.5 MHz

The A-MPR for each RB_start / L_CRB combination is shown in Figure 5, and the corresponding A-MPR table in Table 3.
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Figure 5: A-MPR vs. resource allocation for 15 MHz CBW, fc = 2012.5 MHz.
Table 3: A-MPR for 15 MHz CBW, fc = 2012.5 MHz.
	RB_start
	0-14
	15-24
	25-61
	62-74

	L_CRB
	1-9 & 40-75
	10-39
	24-29
	≥30
	≥36
	≤3

	A-MPR
	≤10
	≤6
	≤1
	≤7
	≤5
	≤4


In the region below the lower PUCCH position, 10-15 RB transmission is possible with reduced A-MPR, and the table is optimized for that.

3.4
20 MHz CBW

A 20 MHz carrier was simulated at the center frequency 2010 MHz. The A-MPR for each RB_start / L_CRB combination is shown in Figure 6, and the corresponding A-MPR table in Table 4.
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Figure 6: A-MPR vs. resource allocation for 20 MHz CBW, fc = 2010 MHz.
Table 4: A-MPR for 20 MHz CBW, fc = 2010 MHz.
	RB_start
	0-21
	22-31
	32-38
	39-49
	50-69
	70-99

	L_CRB
	>0
	1-9 & 31-75
	10-30
	≥15
	≥24
	≥25
	>0

	A-MPR
	≤16
	≤11
	≤6
	≤9
	≤7
	≤5
	≤14


A flat 16 dB is assigned for any allocation starting at the resource blocks 0-21. These allocations are partly or completely confined within 2000-2005 MHz and are thus subject to EIRP limit.

The PUCCH would be overprovisioned to indexes 32 and 67. This leaves a contiguous block of 34 RBs inside the outermost PUCCH positions, so largest practical RB allocations are 30 or 32 RBs.

Below the lower PUCCH there are 10 RBs, and the second region of the table is optimized for this transmission. Above the upper PUCCH there are also 32 RBs, but the highest region only encompasses the highest 30 RBs – because a 24 RB transmission is possible above the PUCCH without A-MPR (starting at indexes 68-69), it is deemed that the highest region does not benefit from further optimization, and a flat 14 dB is assigned.
Carrier frequency 2010 MHz with duplexer help
Many allocations close to the upper edge of the 20 MHz channel require significant A-MPR, because the CIM3 component falls into the ≤1990 MHz range protected by the strict –50 dBm/MHz SEM. The CIM3 components reduce in power only by 1-to-1 per each dB of additional backoff. If some attenuation is assumed by the duplex filter, this A-MPR may be reduced. The following figure 7 shows the effect in A-MPR, when 10 dB extra filter attenuation is assumed at frequencies ≤1990 MHz.
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Figure 7: A-MPR vs resource allocation for 20 MHz CBW, fc = 2010 MHz, assuming 10 dB extra attenuation from duplex filter for frequencies ≤1990 MHz.
Table 5: A-MPR for 20 MHz CBW w/ duplexer, fc = 2010 MHz.
	RB_start
	0-21
	22-31
	32-38
	39-49
	50-69
	70-99

	L_CRB
	>0
	1-9 & 31-75
	10-30
	≥15
	≥24
	≥25
	>0

	A-MPR
	≤16
	≤11
	≤6
	≤9
	≤7
	≤5
	≤4


4
Conclusion
This contribution presents A-MPR simulation results for Band 23, considering the new FCC service rules. Resource allocations falling partly or completely between 2000-2005 MHz are allowed 16 dB A-MPR, which is sufficient if a 0 dBi antenna is assumed. Other resource allocations need varying amount of A-MPR, depending on where the strongest unwanted emission peaks hit.

Simulations have been presented for 5, 10, 15, and 20 MHz at relevant carrier positions, and corresponding A-MPR tables have been drafted. For 20 MHz carrier, also a simple duplexer response has been assumed, the duplexer attenuating frequencies ≤1990 MHz by 10 dB extra compared to passband insertion loss.
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