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1. Introduction
Public Safety protection from Band 13 was discussed in 2008 for Release 8 [1] concluding with the agreement of NS_07.  However, there are issues with NS_07 that merit review at least for R11 and beyond. The issues are:

· Imbalance and carrier feedthrough numbers have changed for Band 26 at least as simulation assumptions [2, 3], 
· The location for Region C was incorrectly stated and should be symmetric to Region A

· PAs have changed and it is possible that A-MPR values need to be re-analyzed 

2. Discussion

NS_07 Table from 36.101

Following is Table 6.2.4-2 from 36.101. This Table has been designed to allow power reduction (A-MPR) for UEs that need it in order to safeguard the public safety band 2 MHz below.
Table 6.2.4-2: A-MPR for “NS_07”

	 
	Region A
	Region B
	Region C

	RB_start1
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	L_CRB2 [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4               For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
  


Distortions at the UE TX Output
The different impairments are illustrated in Figure 1 above with the exception of Carrier (or LO) feedthrough. The peach “skirts” around the signal and Imbalance Image are due to PA regrowth. This document mainly deals with the required value of the CIM3 to meet the tough conditions imposed by Band 13. The PA folding and CIM3 are specified in terms of dBc (power ratios with respect to the transmitted signal). The values used are provided for guidance only. However, the 60 dBc value for the CIM3 term and the 25 dBc for the imbalance image are used by several companies in 3GPP presentations.
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Figure 1: Different impairments at the UE TX output
In the case of Band 13 if the signal in Figure 1 is in Region C or at the edge of region B from RB #37 to RB #42 (see Section on NS_07), the CIM3 term will fall into the Public Safety Band.
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Figure 2: Regions of NS_07 were intended to reflect damage to imbalance due to RBs in Region A and due to CIM3 in Region C.
Proposal

Proposal 1: use Imbalance and LO feedthrough values of -28 dBc instead of the original -25 dBc

Proposal 2: Make Region C symmetric to Region A, see modified Table below
Proposal 2: Re-analyze the values of A-MPR to account for later generation PAs 
Table 6.2.4-2: A-MPR for “NS_07”

	 
	Region A
	Region B
	Region C

	RB_start1
	0 - 12
	13 – 18
	19 –36
	37 – 49

	L_CRB2 [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ [8]
	≤ [12]
	≤ [12]
	≤ [6]
	≤ [3]

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4               For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
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Background: Quick Analysis of CIM3 Requirement.

· Assume to start that the signal is in Region C of Band 13,  consider:

One RB, 23 dBm transmission

· 23 dBm in 1 RB implies a spectral density of:
+8.4 dBm/6.25 kHz  = +23 - 10*log10(180e3/6.25e3) 
· The specification allows for a 3 dB of Additional Maximum Power Reduction (A‑MPR) so the spectral density can be reduced to:
+5.4 dBm/6.25 kHz  
(1)
· Now account for the 3 RB span (4.7 dB), the CIM3 Specification of -57 dBm / 6.25 kHz, the 3 dB A-MPR and 2.1 dB correction factor (see below for an explanation of the derivation of the correction factor) gives:

-59.8 dBc     = 
-57 dBm / 6.25 kHz  
(2)

-5.4 dBm / 6.25 kHz 
+ 4.7 dB 

- 2.1 dB 

· Thus to meet the target -57 dBm / 6.25 kHz or better a minimum CIM3 requirement is ‑59.8 dBc (or approximately -60 dBc)
· For a 24 dBm transmission this requirement is tightened to ‑61 dBc!
Region C is not the worst case. Note that from RB #37 to RB #42, within Region B, the CIM3 term appears in the Public Safety Band. This means that the specification is three dB tighter or -63 dBc with no margin for implementation or measurement uncertainty.  
This needs to be fixed as it requires approximately -63 dBc specification for CIM3 with no provision for margin. This requires very strong linearity in the transceiver that is very costly to achieve.
Derivation & Conversion Factor K

The conversion factor K is a ratio that helps bridge the gap from a CIM3 specification in dBc into the Band 13 Specification of power into a 6.25 kHz bandwidth. It is only applicable to a single RB transmission but it decreases slightly for the cases of two and three RBs. The two specifications are:

1. CIM3 Specification: power of signal – power of CIM3 distortion in dBc

2. Band 13 Specification: requires the maximum power of the CIM3 in a 6.25 kHz bandwidth 

The 3GPP specification is -57 dBm/6.25 kHz, so the requirement is that the CIM3 peak density is ‑57 dBm/ 6.25 kHz, from a density point of view, the ratio of the spectral density of a single RB to that of the CIM3 needs to be (using (1)) :
-62.4 dB = -57 dBm/6.25 kHz -5.4 dBm/6.25 kHz
(3)
This is not a valid way to specify CIM3 as per the definition above. Instead consider that 

1. The CIM3 density has been diluted into three RBs so results are 4.7 dB easier

2. The density is no longer flat—see Figures 2 & 3 below

Assuming that the density is flat is optimistic because of the “parabolic” shape of the spectrum; Fujitsu has estimated that this is optimistic by approximately 2.1 dB. So accounting for the 2.1 dB gives

-59.8 dBc = -62.4 dB + 4.7 dB - 2.1 dB 
(4)
This agrees and therefore explains (2) above.
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Figure 3: single RB power spectral density with ~23 dBm output power with 6.25 kHz RBW
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Figure 4: Single RB power spectral density with 23 dBm output power with 6.25 kHz RBW‑‑Zoomed in of CIM3 distortion to show rounded shape

