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1 Background

In this contribution we present MPR and A-MPR simulations in accordance with the agreed way forward [1]. For A-MPR we restrict the consideration to a single uplink LAA carrier confined within the frequency ranges 5150-5350 MHz and 5470-5725 MHz. Therefore, only the 20 MHz channel bandwidth is considered in the first instance
2 Additional limits for consideration
Before starting we state a number additional spurious emissions requirements relevant for the sub-bands 5150-5350 MHz and 5470-5725 MHz. Some of these are also detailed in [2].
2.1 Additional spurious emissions 
2.1.1 Europe 

For operations in Europe the limits in Table 2.1.1-1 specified in the European harmonised standard [3] must be met. In terms of A-MPR these limits are relevant for the outermost carriers immediately adjacent to the band edges of the sub-bands 5150-5350 MHz and 5470-5725 MHz. Simulated A-MPR values are shown in section 4 below.
Table 2.1.1-1: Additional requirements

	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	20 MHz
	

	47 ≤ f ≤ 74
	-54
	 100 kHz

	87.5 ≤ f ≤ 118
	-54
	100 kHz

	174 ≤ f ≤ 230
	-54
	100 kHz

	470 ≤ f ≤ 862
	-54
	100 kHz

	1000 ≤ f ≤ 5150
	-30
	1 MHz

	5350 ≤ f ≤ 5470
	-30
	1 MHz

	5725 ≤ f ≤ 26000
	-30
	1 MHz


2.1.2 Japan

For operations in Japan the limits in Table 2.1.2-1 applicable for an occupied bandwidth ≤ 19.7 MHz [4]. 
Table 2.1.2-1: Additional requirements

	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	20 MHz
	

	5455 ≤ f ≤ 5460
	-26
	1 MHz

	5460 < f ≤ 5470
	-19
	

	5725 ≤ f < 5740
	-19
	

	5740 ≤ f ≤ 5745
	-26
	


2.1.3 The US

For operations in the US there are both an eirp limit and a radiated requirement. Firstly, all transmitters operating in the sub-bands 5150-5350 MHz and 5470-5725 MHz all transmitter must meet an eirp limit of -27 dBm/MHz that applies outside these sub-bands as specified in FCC Part 15.407. Secondly, these transmitters must also meet a radiated spurious emissions requirement of 500 V/m at a 3 m distance measured in a 1 MHz band (FCC Part 15.209) in the ranges 4500-5150 MHz and 5350-5460 MHz (FCC Part 15.205). The radiated limit can be converted to an eirp requirement of -41 dBm/MHz, a very tight requirement that may possibly affect the two carriers adjacent to the appliable range of the requirement.
The spurious emission limits are summarised in Table 2.1.3-1 and Table 2.1.3-2 with values convereted to a conducted limit at the antenna port assuming antenna gain of 0 dBi as agreed in the way forward [1]. Simulated A-MPR values are shown in section 4 below.
Table 2.1.3-1: Additional requirements for E-UTRA channels assigned within 5150-5350 MHz
	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	20 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5360 < f ≤ 5460
	-41
	

	5460 ≤ f < 5470
	-27
	


Table 2.1.3-2: Additional requirements for E-UTRA channels assigned within 5470-5725 MHz
	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	20 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5360 < f ≤ 5460
	-41
	

	5460 ≤ f < 5470
	-27
	

	5745 ≤ f 
	-27
	


2.2 Additonal spectrum mask for Japan
For operations in Japan the SEM shown in Table 2.2-1 applies for 18 MHz < pccupied bandwidth ≤ 19 MHz [4]. Here we assume that the measured occupied bandwidth of LAA interlaced waveforms for LAA is in this range, although the corresponding minimum requirement in 36.101 for any 20 MHz channel is 20 MHz. The requirements Table 2.2-1 are slightly tighter than the general E-UTRA SEM.
Table 2.2-1: Additional requirements
	Centre 
Frequency 
[MHz]
	Protected range
[MHz]
	Frequency difference (f between centre frequency – the edges of pretected frequency range(MHz)
	Minimum requirement [dBm]
	Measurement bandwidth

	5180
	5135 ≤ f ≤ 5142
	≥ 38 and ≤ 45
	-26
	1 MHz

	
	5142 < f ≤ 5150
	≥ 30 and < 38
	-18
	

	5240
	5250 ≤ f < 5251
	≥ 10 and < 11
	10(10 - (f)
	

	
	5251 ≤ f < 5260
	≥ 11 and < 20
	-10 – 8/9((f – 11)
	

	
	5260 ≤ f < 5266.7
	≥ 20 and < 26.7
	-18 – 1.2((f – 20)
	

	
	5266.7 ≤ f ≤ 5365
	≥ 26.7 and ≤ 125
	-26
	

	5260
	5135 ≤ f ≤ 5233.3
	≥ 26.7 and ≤ 125
	-26
	

	
	5233.3 < f ≤ 5240
	≥ 20 and < 26.7
	-18 – 1.2((f – 20)
	

	
	5240 < f ≤ 5249
	≥ 11 and < 20
	-10 – 8/9((f – 11)
	

	
	5249 < f ≤ 5250
	≥ 10 and < 11
	10(10 - (f)
	

	5320
	5350 ≤ f ≤ 5365
	≥ 30 and ≤ 45
	-26
	


2.3 PSD restriction in accordance with Resolution 229 (WRC-12)

In accordance with the ITU-R Resolution 229 (WRC-12) transmitters in the range 5150-5250 MHz must meet an eirp density requirement of 0.25 mW in any 25 kHz band (that is “equivalent” to a 10 mW requirement in any 1 MHz band).
The 0.25mW/25kHz density requirement implies significant A-MPR that is “mandated” (reduced output power) rather than allowed. We nevertheless specify this an an allowed A-MPR (see section 6).
3 Uplink resource allocation
The uplink transmissions simulated are interlaced PUSCH in accordance with the UL resource allocation type 3 as specified in the latest version of 36.213:
8.1.4
Uplink resource allocation type 3

Uplink resource allocation type 3 is only applicable for a LAA SCell. The resource allocation information for uplink resource allocation type 3 indicates to a scheduled UE a set of allocated resource blocks, 
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.

Hence the interlaces are periodic “combs” of width L ≤ N and periodicity N, where N = 10 for the 20 MHz bandwidth, and the additional interlaces specified in Table 8.1.4-1. The value L = 7 is not simulated since this yields a total number of PRBs not a multiple of 2, 3 or 5.

4 Simulation results
According to the way forward, the MPR and A-MPR should be set in relation to a nominal conducted output power of +23 dBm. The simulations below are based on a PA configured for UTRA_ACLR1 = 33 dBc (and EUTRA_ACLR1 = 30 dBc) and at +23 dBm output power with IQ image = 25 dB and an LO suppression of 25 dBc. The bandwidth is always 20 MHz with resource allocations in accordance with section 3. 
The simulation results for QPSK, 16QAM and 64QAM are shown in the figures 1-3. The results for the spurious emissions requirements -27 dBm/MHz, -30 dBm/MHz and -41 dBm/MHz apply for the channels next to the band edge of the sub-bands 5150-5350 MHz or 5470-5725 MHz. For the ETSI mask the OOB emissions are not required to be less than the general spurious emissions limit -30 dBm/MHz; the levels shall not exceed the SEM or the spurious emissions limit, whichever is higher. 
The results show the total power reduction needed as a function of the number of consecutive RRBs for a 1 MHz reference bandwidth and with 1 ≤ L ≤ 10 except L = 7. All possible values of RBstart given L are simulated. The power reduction is calculated in relation to a +23 dBm nominal output power. 
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Figure 1: MPR for QPSK with a 1 MHz reference bandwidth.
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Figure 2: MPR for 16QAM with a 1 MHz reference bandwidth.
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Figure 6: MPR for 64QAM with a 1 MHz reference bandwidth.
For 256QAM the results are similar, but the EVM requirement would require a power reduction of up to 3.5 dB.
5 MPR

The MPR allowance always applies and accounts for the LTE mask, the ACLR = 30 dBc and the EVM requirements. From figures 1-3 it appears that a MPR = 2 dB independent of allocation (the resource allocation vector) would be sufficient for all three modulation format. This would also apply to SRS transmissions. The change to 36.101 would look like follows: 
6.2.3
UE maximum output power for modulation / channel bandwidth 

For UE Power Class 1 and 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3


For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK modulation for the corresponding transmission bandwidth. 

For each subframe, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the entire subframe.

For transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA =
8.00-10.12A

; 0.00< A ≤ 0.33

5.67 - 3.07A

; 0.33< A ≤0.77
3.31



; 0.77< A ≤1.00

Where

A = NRB_alloc / NRB.

CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR ( [3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0]

The allowed MPR for transmission on an Scell in Band 46 within the nominal channel bandwidth of a 20 MHz component carrier is MPR = 2 dB for all possible values of the RIV as specified in Clause 8.1.4 of [36.213] with QPSK, 16QAM and 64QAM modulation (256QAM is FFS). For SRS transmissions the MPR allowed is according to that specified for PUSCH QPSK modulation. 
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

For 256QAM modulation a larger MPR should be allowed (FFS).
6 A-MPR
6.1 The Resolution 229 (WRC-12)

The eirp density requirement of 0.25mW/25kHz implies an allowed power at the antenna port of 1.8 mW/180kHz = 2.5 dBm/180kHz. Simulations are not needed to derive the allowed A-MPR (that has to be applied):
A-MPR = 10log10(NRB_alloc) + 2.5 dBm – 23 dBm – MPR

where (NRB_alloc) is the number of allocated PRB in the uplink (in the notation of section 3: NRB_alloc = 10L except for the RIV in table 8.1.4-1).
6.2 Europe

From figures 1-3 it can be seem that an A-MPR of

A-MPR = 2{1 – (L-1)/3} dB, for 1 ≤ L ≤ 4 and QPSK modulation

A-MPR = 2.5{1 – (L-1)/4} dB, for 1 ≤ L ≤ 5 and 16QAM/64QAM modulation 

would be sufficient for compliance with the ETSI mask assuming that MPR = 2 dB. Hence no A-MPR is required for the larger allocations.

The -30 dBm/MHz unwanted emissions requirent requires larger A-MPR for the channels at the band edges of the sub-bands 5150-5350 MHz and 5470-5725 MHz (center frequencies 5160 MHz, 5340 MHz and 5480 MHz but not for 5700 MHz):
A-MPR = 10 – 0.1(L-1) – MPR dB, for 1 ≤ L ≤ 10 and all modulations

would be sufficient for compliance (or a flat A-MPR = 10 – MPR dB for simplicity). It is remarked the back-off simulations results are uncertain at these larger power reductions.
The 10 dBm/MHz eirp density requirement would require 

A-MPR = 3 – MPR dB for L = 1 and all modulations (0 dBi antenna gain assumed).
6.3 Japan

It is assumed that A-MPR is not needed for compliance with the ACLR2 = 40 dBc requirement given MPR = 2 dB, but verification is needed. The spectrum mask described in section 2.2 requires further study: it is slightly tighter than the LTE mask.

The 10 dBm/MHz eirp density requirement would require 

A-MPR = 3 – MPR dB for L = 1 and all modulations (0 dBi antenna gain assumed).
6.4 The US

For the outermost channels in the sub-bands 5150-5350 MHz and 5470-5725 MHz with center frequencies 5160 MHz, 5340 MHz and 5480 MHz, the A-MPR needed for compliance with the -41 dBm/MHz unwanted emissions requirement is very large:
A-MPR =17 – 0.2(L-1) – MPR dB, for 1 ≤ L ≤ 10 and all modulation formats.

it is also likely that A-MPR would be needed the channels adjacent to these (not studied here). The above A-MPR is not feasible for the outermost channels. One alternative is to allow 10 MHz channel bandwidth (leaving a 10 MHz frequency separation) since these outermost channels are not used for Wi-Fi operations.

For the outermost channels in the sub-bands 5150-5350 MHz and 5470-5725 MHz, the A-MPR needed for compliance with the -27 dBm/MHz requirement is
A-MPR =7 – 0.2(L-1) – MPR dB, for 1 ≤ L ≤ 10 and all modulation formats.

The 11 dBm/MHz eirp density requirement would not require any A-MPR in case MPR = 2 dB (0 dBi antenna gain assumed).
7 Conclusions
Simulations based on the way forward agreed at RAN4#80bis indicate that an MPR = 2dB independent of modulation format and allocation would suffice for compliance with the LTE mask, ACLR = 30 dBc and the EVM requirement (not considering 256QAM).
For the outermost channels of the frequency ranges 5150-5350 MHz and 5470-5725 MHz the A-MPR required for compliance with the unwanted emissions requirement in Europe and the US is substantial. The A-MPR needed for compliance with the ETSI mask is feasible.
The A-MPR needed for operations above 5725 MHz could be added as part of maintenance.
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