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1 Background
The A-MPR tables for the network signaling value NS_15 indicating that the UE must meet the -53 dBm/6.25 kHz limit for protection of public safety above 851 MHz are complex: the number of entries is large since all bandwidths need to be included. Furthermore, A-MPR is specified for two frequency offsets to the protected band for deployment flexibility. The table for the 2 MHz offset (E-UTRA carriers up to 849 MHz) is reproduced in Table 1 as an example.

Table 1 (Table 6.2.4-9): A-MPR for “NS_15” for E-UTRA highest channel edge > 845 MHz and  ≤ 849 MHz

	Channel BW
	Parameters
	Region A
	Region B
	Region C

	1.4
	RBend
	4-5
	
	

	
	LCRB [RBs]
	≤3
	≥4
	
	

	
	 A-MPR [dB]
	≤2
	≤3
	
	

	3
	RBend
	0-1
	8-12
	13-14
	

	
	LCRB [RBs]
	≤1
	≥8
	>0
	

	
	A-MPR [dB]
	≤2
	≤4
	≤8
	

	5
	RBend
	0-4
	12-15
	16-19
	20-24

	
	LCRB [RBs]
	≤1
	≥12
	≥8
	>0

	
	 A-MPR [dB]
	≤2
	≤3
	≤5
	≤8

	10
	RBend
	0-12
	23-30
	31-36
	37-49

	
	LCRB [RBs]
	=1
	≥20
	≥15
	≥4
	≤3

	
	 A-MPR [dB]
	≤2
	≤4
	≤6
	≤5
	≤9

	15
	RBend
	0-20
	26-44
	45-53
	54-74

	
	LCRB [RBs]
	≤1
	≥27
	≥20
	>0

	
	 A-MPR [dB]
	≤2
	≤3
	≤5
	≤9


The complex tables imply increased test time and a challenging optimization of the PA. Excessive test time may itself be a reason for not implementing an operating band in a UE. In order for Band 26 to become attractive as a global roaming band, the test time needs consideration and the optimization of the PA should not have too many constraints. Band 26 is devised to provide protection of adjacent services in many different deployment scenarios, including the capability of protecting public safety or any other narrow-band service above 851 MHz allocated in many countries. NS_15 should therefore be implemented and conformance tested for all Band 26 UE(s). 
To this end, we propose to

1. simplify the A-MPR tables for NS_15 by reducing the number of entries in order to reduce the test time and facilitate PA optimization,
2. accept a certain increase of A-MPR as a consequence of the simplification of the tables.
The second item implies a slight impact on system capacity due to increased UE power reduction (mainly for the cell-edge), while alleviating the requirements on PA linearity and thereby allowing a higher PA efficiency.
2 A-MPR regions with PUCCH over-provisioning
The simplification is based on devising the A-MPR tables strictly according to the PUCCH regions. Figure 1 illustrates PUCCH over-provisioning used at the upper edge of Band 26. foffset is the frequency separation between the upper edge of the E-UTRA channel (nominal bandwidth, e.g. 5 MHz) and the protected band 851- 859 MHz, hence foffset depends on the centre frequency of the carrier.
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Figure 1: PUCCH over-provisioning at the upper edge.

The extent of the PUCCH over-provisioning required can be estimated using the expressions in [1]. Table 2 shows the required Format 2 region in units of PRB for 2 MHz offset (deployment up to 849 MHz) and 6 MHz (deployment up to 845 MHz). 
Table 2: required PUCCH over-provisioning for deployment up to 845 (6 MHz offset) and 849 MHz (2 MHz offset)
	EUTRA channel bandwidth

[MHz]
	Format 2 region [#PRB]

	
	Frequency offset     2 MHz
	Frequency offset  6 MHz

	1.4
	N/A
	N/A

	3
	2
	N/A

	5
	5
	N/A

	10
	13
	5

	15
	20
	13


Comparing to the first column of Table 1, we observe that these estimates are aligned with the A-MPR simulations. The PUCCH region is part of Region A in Table 1, but for a simplified version of the table we propose that the regions given in the A-MPR tables are completely consistent with the PUCCH over-provisioning required.

The typical behaviour of the A-MPR is indicated in Figure 2 that displays LCRB (allocation size) versus RBend. We observe three different regions of A-MPR. The impact of 3rd order IM with the IQ image for small allocations, RBend > Ru, and the impact of CIM3, RBend < Rl, define two regions that determine the PUCCH region. Rl should be identical or close to the entries in Table 2 for the corresponding bandwidth and offset. The third is for large LCRB for which back-off is needed due to spectral regrowth. 
For the simplified versions of the A-MPR tables we choose Rl = (NRB – 1) - Rl to define symmetric regions to account for the impact of the 3rd order IM with the IQ and the CIM3.
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Figure 2: typical A-MPR behavior when PUCCH over-provisioning is needed.
3 Simplification using the PUCCH regions
We use the PUCCH region to define tables with three columns A-C that corresponds to the regions shown in Figure 3. In order to reduce the complexity of the tables, we assign one A-MPR for both small and large allocations in RBend > Ru (C), one A-MPR for small allocations in the symmetric RBend < Rl (A) and one A-MPR for large allocations in Rl < RBend < Ru (B). 
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Figure 3: three different regions of A-MPR for the simplified NS_15 tables.
In the NS_15 tables, this means that the two middle columns accounting for large allocations are merged into one, with the smallest value of the allocation sizes and the largest A-MPR setting the limits to account for regrowth. Region A now accounts solely for CIM3, whereas Region C accounts for both the IM3 with the IQ image for small allocations and for large allocations close to the protected band. There is only one A-MPR value per column.
Table 3 shows the current table for the case in which the highest channel edge is between 845 and 849 MHz; Table 4 is the corresponding simplified version. 
Table 3 (Table 6.2.4-9): A-MPR for “NS_15” for E-UTRA highest channel edge > 845 MHz and ≤ 849 MHz

	Channel BW
	Parameters
	Region A
	Region B
	Region C

	1.4
	RBend
	4-5
	
	

	
	LCRB [RBs]
	≤3
	≥4
	
	

	
	 A-MPR [dB]
	≤2
	≤3
	
	

	3
	RBend
	0-1
	8-12
	13-14
	

	
	LCRB [RBs]
	≤1
	≥8
	>0
	

	
	A-MPR [dB]
	≤2
	≤4
	≤8
	

	5
	RBend
	0-4
	12-15
	16-19
	20-24

	
	LCRB [RBs]
	≤1
	≥12
	≥8
	>0

	
	 A-MPR [dB]
	≤2
	≤3
	≤5
	≤8

	10
	RBend
	0-12
	23-30
	31-36
	37-49

	
	LCRB [RBs]
	=1
	≥20
	≥15
	≥4
	≤3

	
	 A-MPR [dB]
	≤2
	≤4
	≤6
	≤5
	≤9

	15
	RBend
	0-20
	26-44
	45-53
	54-74

	
	LCRB [RBs]
	≤1
	≥27
	≥20
	>0

	
	 A-MPR [dB]
	≤2
	≤3
	≤5
	≤9


Table 4: Simplified A-MPR for “NS_15” for E-UTRA highest channel edge > 845 MHz and ≤ 849 MHz
	E-UTRA Channel bandwidth 

[MHz]
	Parameters
	Region A
	Region B
	Region C

	1.4
	RBend  [RB]
	
	
	4-5

	
	A-MPR [dB]
	
	
	3

	3
	RBend  [RB]
	0-1
	8-12
	13-14

	
	LCRB [RB]
	1
	≥8
	>0

	
	A-MPR [dB]
	2
	4
	8

	5
	RBend  [RB]
	0-4
	12-19
	20-24

	
	LCRB [RB]
	1
	≥8
	>0

	
	A-MPR [dB]
	2
	5
	8

	10
	RBend  [RB]
	0-12
	23-36
	37-49

	
	LCRB [RB]
	1
	≥15
	>0

	
	A-MPR [dB]
	2
	6
	9

	15
	RBend  [RB]
	0-20
	26-53
	54-74

	
	LCRB [RB]
	1
	≥20
	>0

	
	A-MPR [dB]
	2
	5
	9


Table 5 shows the current table for allocations up to 845 MHz and Table 6 the corresponding simplified version. 
Table 5 (Table 6.2.4-10): A-MPR for “NS_15” for E-UTRA highest channel edge ≤ 845 MHz

	Channel BW
	Parameters
	Region A
	Region B
	Region C
	Region D

	5
	RBstart1
	19-24
	
	
	

	
	LCRB [RBs]
	≥18
	
	
	

	
	 A-MPR [dB]
	≤2
	
	
	

	10
	RBstart1
	0-4
	29-37
	38-44
	45-49

	
	LCRB [RBs]
	≤1
	 ≥27
	 ≥24
	>0

	
	A-MPR [dB]
	≤2
	 ≤1
	 ≤4
	≤8

	15
	RBstart1
	0-12
	44-56
	57-61
	62-74

	
	LCRB [RBs]
	≤1
	 ≥32
	 ≥20
	>0

	
	 A-MPR [dB]
	≤2
	 ≤3
	 ≤5
	≤8


Table 6: Simplified A-MPR for “NS_15” for E-UTRA highest channel edge ≤ 845 MHz
	E-UTRA Channel bandwidth 

[MHz]
	Parameters
	Region A
	Region B
	Region C

	5
	RBend  [RB]
	
	
	19-24

	
	LCRB [RB]
	
	
	≥18

	
	A-MPR [dB]
	
	
	2

	10
	RBend  [RB]
	0-4
	29-44
	45-49

	
	LCRB [RB]
	1
	≥24
	>0

	
	A-MPR [dB]
	2
	4
	8

	15
	RBend  [RB]
	0-12
	44-61
	62-74

	
	LCRB [RB]
	1
	≥20
	>0

	
	A-MPR [dB]
	2
	5
	8


We have thus reduced the number of entries in the table at the expense of a slightly A-MPR for the large allocations. But the maximum A-MPR is not increased.

4 The conformance test

The number of test configurations for the conformance tests in 36.521-1 can be reduced further since the impacts of the IM3 with the IQ image and the CIM3 are similar for different bandwidths. Verifying the performance for small allocations in Region A and C for the 10 MHz channel bandwidth alone should therefore give sufficient confidence that the same performance is achieved for other bandwidths (the required back-off for 5 MHz bandwidth is 1 dB lower so a separate test could be motivated). However, the larger (maximum) allocations should be verified for both Region B and Region C for all bandwidths. Likewise, the maximum allocation sizes for which no A-MPR are required should also be verified for Region B. Table 7 shows proposed test configurations for carriers assigned up to 849 MHz.
Table 7: Proposed test configurations for “NS_15” for E-UTRA highest channel edge > 845 MHz and  ≤ 849 MHz
	E-UTRA Channel bandwidth 

[MHz]
	Parameters
	Region A
	Region B
	Region C

	1.4
	RBend  [RB]
	
	
	
	
	6
	

	
	A-MPR [dB]
	
	
	
	
	3
	

	3
	RBend  [RB]
	
	
	12
	12
	14
	

	
	LCRB [RB]
	
	
	6
	12
	15
	

	
	A-MPR [dB]
	
	
	0
	8
	8
	

	5
	RBend  [RB]
	
	
	19
	19
	24
	[24]

	
	LCRB [RB]
	
	
	6
	20
	25
	[1]

	
	A-MPR [dB]
	
	
	5
	5
	8
	[8]

	10
	RBend  [RB]
	0
	0
	36
	36
	49
	49

	
	LCRB [RB]
	1
	2
	12
	36
	50
	1

	
	A-MPR [dB]
	2
	0
	0
	6
	9
	9

	15
	RBend  [RB]
	
	
	53
	53
	74
	

	
	LCRB [RB]
	
	
	18
	54
	75
	

	
	A-MPR [dB]
	
	
	0
	5
	9
	


Table 8 shows proposed test configurations for carriers allocated up to 845 MHz. The impacts of the IM3 with the IQ image and the CIM3 are similar to the 2 MHz offset case above, test points for these cases could therefore be omitted to reduce the test effort. Likewise, some of the test point in Table 8 verifying the maximum allocation sizes could possible be omitted since regrowth is verified in Table 7 for various bandwidths and frequency offset to the protected band.
Table 8: Proposed test configurations for “NS_15” for E-UTRA highest channel edge ≤ 845 MHz
	E-UTRA Channel bandwidth 

[MHz]
	Parameters
	Region A
	Region B
	Region C

	5
	RBend  [RB]
	
	
	
	
	24
	24

	
	LCRB [RB]
	
	
	
	
	25
	16

	
	A-MPR [dB]
	
	
	
	
	2
	0

	10
	RBend  [RB]
	
	
	44
	44
	49
	

	
	LCRB [RB]
	
	
	20
	45
	50
	

	
	A-MPR [dB]
	
	
	0
	4
	8
	

	15
	RBend  [RB]
	
	
	61
	61
	74
	

	
	LCRB [RB]
	
	
	18
	60
	75
	

	
	A-MPR [dB]
	
	
	0
	5
	8
	


In all, we end up with around 25 test points, which is comparable to the number of test points for verification of other NS values in 36.521-1. Comparing to the number of conformance test points required for the existing tables unabated, the reduction of the test points is around 50%.
5 Proposal

In order to reduce test time and facilitate PA optimization for Band 26, we propose that the simplified A-MPR tables for NS_15 in Table 4 and Table 6 replace the corresponding tables in 36.101. The test configurations proposed in Table 7 and Table 8 could possible be considered for the conformance test specification 36.521-1.
The proposed changes do not impact UE(s) implemented using the current tables in 36.101.
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