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1 Introduction
The desensitization problem for 20 MHz channel bandwidth operation in Band 20 will be resolved by using A-MPR and an associated network signaling value. The A-MPR 

· will be used for the REFSENS conformance test

· may be used (optionally) for live operation by signaling NS_10.

In this contribution we consider the tentative A-MPR profile for the 20 MHz bandwidth in [1] and its applicability to the REFSENS test: the output power accuracy and behaviour at large power back-off should be considered. We propose to reduce the A-MPR slightly while accepting a moderate desensitization w r t Band 3 performance just like for the 15 MHz bandwidth for which an A-MPR profile is not applicable. 
2 Band 20 REFSENS and the A-MPR proposal
2.1 The 15 MHz bandwidth

For the 15 MHz bandwidth, some degradation of REFSENS has been tentatively agreed: accepting some desensitization for worst case allocations for the conformance test may still be acceptable from a systems performance viewpoint, several transmission configurations do not give any degradation even at full output power. The tentative sensitivity requirement for is -89 dBm with a 25 PRB allocation, which should be compared to the Band 3 performance of -92.2 dBm. Meeting the latter by reducing the uplink allocation does not seem feasible: the out-of-band emission integrated across the receive band (the transmitter noise as measured by ACLR_RX) does not increase with decreasing allocation. The REFSENS must be met for the quoted uplink allocation and any smaller allocation. Results are shown in Table 1 with due account taken of the allowed MPR per UL allocation. These suggest keeping the current tentative requirements as specified in [1].
Table 1: ACLR_RX for 15 and 20 MHz 
	Image rejection 
	Uplink allocation

	
	 1
	6
	15
	25
	50
	100

	
	20 MHz

	-25
	57.3
	58.0
	59.8
	62.4
	60.2
	48.6

	-30
	61.0
	61.9
	63.4
	66.0
	61.4
	48.8

	
	1
	6
	15
	25
	50
	75

	
	15 MHz

	-25
	69.9
	70.6
	70.8
	71.2
	64.8
	58.0

	-30
	74.1
	75.7
	74.2
	73.9
	65.3
	58.1


2.2 The 20 MHz bandwidth
The reference sensitivity for 20 MHz bandwidth is now specified at -91 dBm like for Band 3, but requires power back-off according to the A-MPR table. It is perhaps slightly odd that the sensitivity for the 15 MHz case is better for the conformance test. However, a significant uplink power reduction is needed for the 20 MHz bandwidth.
One idea could be to accept some sensitivity degradation for the 20 MHz like for the 15 MHz, but apply a somewhat smaller A-MPR? 

There is in fact also a power accuracy issue with large power back-offs: the test system will send UP commands until P_UMAX is reached and apply power control to maintain the UE power supplied within a tolerance (±1 dB). The required accuracy for the configured output power (applies to P_UMAX too) is reproduced below:

Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


If A-MPR = 5 dB is applied and MPR = 1 dB in addition (for >18 PRB), this means that the UE output power can be in the range +17 dBm +8/-5 dB, which should be compared to the ±2 dB tolerance normally applicable for the sensitivity test. For most bandwidth and operating band combinations MPR = 1 dB applies which means that the tolerance is +22 dBm +3/-2 dB. Reducing the A-MPR to 3 dB, say, then the tolerance would be +20 dBm +5/-2.5 dB or +19 dBm +6/-3.5 dB at worst with MPR applied. Furthermore, there is a lesser risk of PA mode changes if a smaller A-MPR is applied, which could be an advantage from a conformance test viewpoint.
A reduction of A-MPR for Region A in the table below would necessitate some sensitivity degradation but
· means a smaller penalty on uplink power for allocation in Region A whenever NS_10 is signalled under live network conditions

· the P_UMAX will be in a smaller range for the conformance test.
Table 6.2.4-3: A-MPR for “NS_10”

	 
	Region A
	Region B

	RB_start1
	[0 – 15]
	[76 – 90]

	L_CRB2 [RBs]
	[1-25]
	[1-23]

	 A-MPR [dB]
	≤[5]
	≤[5]

	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.


Next we look at ACLRRX values for various output power levels (back-off from nominal power class) and counter-IM3. The latter is specified after the mixer at the mixer input level that produces 23 dBm at the antenna connector. The back-off can be accomplished in several ways so results with regard to PA and mixer non-linearities are always implementation specific. Therefore we also list results with an ideal mixer for comparison. The results are shown in Tables 2-4.
Table 2: ACLR_RX for 15 and 20 MHz with CIM3 = 50 dBc@23 dBm

	Pout [dBm]
	Uplink allocation

	
	1
	6
	15
	25

	21
	59.6
	59.9
	61.1
	62.2

	20
	62.5
	62.9
	64.6
	65.9

	19
	66.7
	67.5
	68.7
	70.0

	18
	70.6
	70.5
	72.5
	73.5

	17
	72.8
	73.1
	74.9
	75.7

	16
	74.5
	75.0
	76.1
	76.5

	14
	76.7
	77.5
	77.7
	77.6


Table 3: ACLR_RX for 15 and 20 MHz with CIM3 = 60 dBc@23 dBm
	Pout [dBm]
	Uplink allocation

	
	1
	6
	15
	25

	21
	61.4
	61.5
	63.6
	64.1

	20
	64.1
	64.1
	66.5
	67.4

	19
	67.4
	67.7
	69.9
	71.0

	18
	70.8
	70.8
	73.4
	74.3

	17
	73.3
	73.3
	75.5
	76.1

	16
	74.6
	75.1
	76.4
	76.7

	14
	76.7
	77.3
	77.8
	77.7


Table 4: ACLR_RX for 15 and 20 MHz with ideal mixer
	Pout [dBm]
	Uplink allocation

	
	1
	6
	15
	25

	21
	61.8
	62.0
	64.3
	64.9

	20
	64.5
	65.4
	67.4
	68.0

	19
	68.4
	67.8
	70.7
	71.6

	18
	71.0
	71.6
	73.7
	74.6

	17
	73.0
	73.5
	75.4
	76.1

	16
	74.6
	74.8
	76.3
	76.8

	14
	76.7
	77.6
	77.8
	77.7


The location of the uplink PRB is the worst case but the results for the smallest allocations 1 and 6 PRB will not change significantly of the starting points are within Region A. Note also that the increase of the ACLR with decreasing power is implementation specific; it may not be monotonous if e.g. mode switches are encountered. Furthermore, there is a certain statistical uncertainty in the results: these are not significant down to tenths of dB(s).
We have to use the 1 PRB results for ACLRRX since the sensitivity must be met for 25 PRB and any smaller allocation. One itching thing is that the sensitivity result is dependent on the UE transceiver architecture. In [2] we listed some:
1. two TX/RX branches with the same uplink signal applied at both ports, which would correspond to a precoder
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2. one main TX/RX branch and one RX-only diversity port

The first item is the worst case for the transmitter signals are “identical”. If transmit diversity signals of e.g. Alamouti type are used, the sensitivity degradation will be smaller. We look at both architectures, and use formulas from [2]. The data is the same but we hope for a better Tx-Rx isolation of the duplexer and assume 50 dB rather than 45 dB, which is slightly optimistic considering conventional high-volume techniques and their guaranteed performance.
Following the current A-MPR table, we obtain for A-MPR = 5 dB and the two different transceiver architectures:
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with a mixer specification CIM3 = 50 dBc at +23 dBm (but with power back-off such that +18 dBm is measured at the antenna with no account of the power inaccuracy). The result is the same if CIM3 = 60 dBc at +23 dBm is specified. Hence it appears that Band 3 performance for the sensitivity could be met with a 5 < A-MPR < 6 dB in Region A.
Now trying to reduce the back-off to A-MPR = 3 dB while accepting some sensitivity degradation compared to Band 3. For CIM3 = 50 dBc at +23 dBm we obtain for 1 PRB allocation and MPR = 0 dB
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while for CIM = 60 dBc at +23 dBm,
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Now, assuming that the architecture in Item 2 will be more common and that any uplink TX diversity arrangement would not have fully correlated uplink signals,
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appears reasonable for the conformance test with an A-MPR = 3 dB in Region A. This would also allow an implementation according to Item 1, and would not set undue requirements on the mixer linearity. Note that the 60 dBc results in Table 3 are not too far from ideal in Table 4.
2.3 Region B

It seems the Region B in the A-MPR table can be skipped. Figure 1 shows the emission spectrum for a 1 PRB allocation at RB_start = 6 in Region A (red) and RB_start = 93 (blue) in Region B at +23 dBm output power and CIM3 = 50 dBc. The receive band spans 791-811 MHz, the main intermodulation products are contained within it for the RB_start specified. Band 3 REFSENS performance can be met for allocations in Region B without applying A-MPR, but allocations in Region A requires a power back-off of 5-6 dB as mentioned above.
[image: image6.png]



Figure 1: difference in emission spectrum with allocation in Regions A (red) and B (blue).
3 Proposal

We propose to keep the agreed A-MPR approach but to reduce the power reduction to 3 dB in Region A and accept a modest sensitivity degradation for the 20 MHz bandwidth. The degradation compared to Band 3 is slightly larger than that for the 15 MHz bandwidth. The lower A-MPR also means a better power accuracy of the uplink power and possible avoidance of PA mode changes, which is beneficial from a conformance test standpoint.

Some concerns regarding the use of the A-MPR for the sensitivity test could still be raised. If NS_10 is signalled under live operation the lower A-MPR gives a lesser penalty for uplink coverage. However, the full power can still be used for many transmitter configurations without desensitization if the allocation is < 25 PRB regardless of any A-MPR. Examples are allocations centred around the LO and allocations above it. In fact, moving away from Region A is enough: a 15 PRB allocation at RB_start = 25 does not require any power back-off to meet the Band 3 performance using the diversity architecture. Allocation sizes up to 25 PRB are reasonable at the cell edge under noise limited conditions. Desensitization will still occur for constant allocations > 25 PRB even if the current A-MPR profile (Table 6.2.4-3 above) is adopted – it does not provide any back-off for large allocations exceeding Region A. Moreover, HARQ will alleviate the desensitization under live conditions. 

In any event, the sensitivity measured in the conformance test will be improved using the A-MPR profile. One could perhaps just specify the 20 MHz REFSENS assuming a +20 dBm output power at a 25 PRB uplink allocation? This would be sufficient for the conformance test. However, this would be an exception in the test procedure and not allow an operator the option to signal NS_10 if desired. 
Note that specification of MSD is made more complicated by the A-MPR profile. No back-off is allowed for full allocation and NS_01 could be signalled.

Proposed changes to [1] are shown below. 
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	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
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-103.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-105.2
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-89
	-86
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level of Band 3 + 0.5 dB is applicable for band 9 

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


Table 6.2.4-3: A-MPR for “NS_10”

	 
	
	

	RB_start1
	[0 – 15]
	

	L_CRB2 [RBs]
	[1-25]
	

	 A-MPR [dB]
	≤[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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