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1	Introduction
This contribution shares our views with a specific example on smaller A-MPR, which is one of the topics in moderator summary in [1].
2	Motivation
NR allows wider CBW without CA than LTE(20MHz) and higher power classes have been becoming even more popular than LTE. They, however, may not directly lead expected UL coverage and capacity improvement due to huge A-MPR. For instance, PC2 n39 A-MPR for 20 MHz CBW for NS_50 is up to 5.5 dB, while for 40 MHz CBW it is up to 12.5 dB in some conditions.
Observation 1: A-MPR value can be significantly large, e.g., more than 10 dB (sometime around 20 dB) for wider channel bandwidths. At least 18 NS(s) have A-MPR whose value can be equal to 10 dB or even larger.
Thus far, RAN4 has assumed that DC is at the centre of UE CBW for A-MPR evaluation regardless of where the actual BWP size and its location are as illustrated in Figure 2-1.
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Figure 2-1: RAN4 traditional A-MPR evaluation condition: DC is at the centre of CBW
UE, however, may not always place the DC at the centre of the UE CBW, but rather may place it close to centre of UL BWP as illustrated in Figure 2-2.
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Figure 2-2: Possible DC location and IMD
The condition in Figure 2-2 must be possible since it turned out that UEs’ DC location is affected by several factors and the UE would change it [2]. If the UE selected the DC location as shown in Figure 2-2, the required A-MPR must be even smaller than that for Fig 2-1.
Observation 2: Actual A-MPR can be smaller than the specified values, depending on the relation between DC location and BWP.
A gNB, however, cannot know if being used actual A-MPR is even smaller or not. Hence, it may unnecessarily schedule RBs in a conservative way such that lower MCS is selected and/or the number of RBs is limited and/or the RBs are placed in the centre of BWP. This makes UE and NW have lose-lose relationship and this leads to lose NR’s several advantages such as wider CBW and higher power classes.
Observation 3: If the A-MPR actually being used is smaller than the specified one, this situation makes UE and NW have a lose-lose relationship and leads to several of NR’s advantages being lost, such as wider CBW and higher power classes.
3	A possible approach
Another possible way would be using relation between DC location and UL BWP. Now Rel-17 specification is going to specify DC location(s) reporting signalling for multiple CCs. Since a gNB can know UL BWP(s) information on each of the UEs under the gNB, the actually required A-MPR, which can be smaller than the specified one, can be estimated if the UEs follow A-MPR evaluation assumptions that RAN4 has adopted thus far.
In order to make the discussion more specific, we’ll take an example condition that n1 20 MHz channel bandwidth(CBW) is placed within 1920 - 1940 MHz as shown in Figure 2-3.
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Figure 2-3: 20 MHz UE channel bandwidth(CBW) is in 1920-1940 MHz
The specified A-MPR can be seen in the row coloured in red in Table 6.2.3.4-1 in the Annex. A1, A2 and A3 regions in Table 6.2.3.4-1 can be interpreted as illustrated in Figure 2-4.
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 Figure 2-4: A1, A2 and A7 regions in Table 6.2.3.4-1
A1 region means that regardless of the number of RBs, as far as the start position of the RB(s) is < 4.86 MHz(27 RBs) from the lower edge of the CBW, A-MPR in A1, whose values are ≈ 10 dB, applies. In order to avoid such a huge A-MPR, the start position is ≥ 4.86 MHz AND the number of RBs is ≤ 50 RBs (9 MHz). However, even if the start position is ≥ 4.86 MHz, if the number of RBs is > 50 RBs, A7 whose A-MPR is 6 dB, applies. Or if the start position is ≥ 13.68 MHz(76RBs) AND the number of RBs is < 6 RBs(1.08 MHz), still A-MPR in A2, which is 5 dB, applies. This is a huge burden since it basically says to completely avoid A-MPR, network needs to use the CBW as if 9 MHz CBW was placed in the centre of 20 MHz CBW and the number of RBs is ≤ 50 RBs. The situation, however, changes if 10 MHz of UL BWP is placed in lower 10 MHz or upper 10 MHz within 20 MHz, respectively AND the corresponding UL DCs are located at the centre of each of the 10 MHz as shown in Figure 2-5. Note that in reality, one user can use one of the 10 MHz BWP at an instant.
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Figure 2-5:UL BWP(s) are located in lower and upper 10 MHz in 20 MHz CBW
Lower 10 MHz BWP with DC is at 1925 MHz
This situation is considered as if 10 MHz CBW with centre frequency of 1925 MHz and corresponding A-MPR applies based on the row coloured in green in Table 6.2.3.4-1. This expands A-MPR = 0 dB region within the lower 10 MHz. 
Upper 10 MHz BWP with DC is at 1935 MHz
This situation is considered as if 10 MHz CBW with centre frequency of 1935 MHz and corresponding A-MPR applies based on the row coloured in blue in Table 6.2.3.4-1. This makes the upper 10 MHz free from A-MPR given that A-MPR = 3.5 dB@ outer allocation is almost the same as MPR of 3 dB@ out allocation. 
In summary, the above conditions enable the network to make maximum use of wider frequency resources with zero or smaller A-MPR than conventional 20 MHz UE CBW. It should be noted that the network would need to select an UL configuration according to some factors like traffic, the number of users etc. In order for network to take aggressive resource scheduling, it requires an agreement such that if UL DC is placed at the centre of UL BWP of 10 MHz whose centre frequency is 1925 MHz, the UE surely applies not A-MPR for 20 MHz CBW, but A-MPR for 10 MHz CBW with centre frequency of 1925MHz. Note that the network can know where the UL DC location(s) is from the existing signalling or that to be introduced from Rel-17. 
Observation 4: If a UE positions its DC at the centre of the UL BWP, it’s possible to expand the zero and/or smaller A-MPR regions, and it does not require re-evaluation of A-MPR.
It should be noted that in the R18 WI, the above condition needs to be generalized to accommodate cases where UL BWP size is not exactly the defined UE CBW in 38.101 series and/or the position of DC is not exactly the centre of the UL BWP and/or the UL BWP is placed not in the lower and upper edge of the UE CBW. For instance, the UE may be configured with UL BWP of 5.4 MHz as show in Figure 2-6. 
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Figure 2-3: Possible case that requires generalization to apply smaller A-MPR
In Figure 2-6, BWP of 5.4 MHz is located within 20 MHz UE CBW. IMD reaching distance as the worst case is affected by not 2.4 MHz but 3 MHz. Hypothetically, 6 MHz carrier bandwidth with the centre frequency of “a” MHz can be considered. In addition, it can be seen that this 6 MHz is confined within UE CBW of 10 MHz with centre frequency of “a” MHz. Supposed that the band has A-MPR for 10, 15 and 20 MHz CBW, respectively. It is considered that A-MPR for 10 MHz is sufficient to apply for this case. Note that with this way, no need additional re-evaluation is needed, but more generalization to accommodate various conditions is needed.
Observation 5: In the WI, the conditions where smaller A-MPR apply should be generalized.
Proposal: Include the following objective in Rel18 RAN4-led WI:
· Identify condition(s) under which A-MPR for a given CBW can be replaced with A-MPR for smaller CBW(s), as follows:
· Use an example A-MPR for NS_05 for n1
· Consider the relation between UL BWP size, position and UL DC location
· Additional aspects can be also discussed if any
· Identify conditions under which A-MPR for 20 MHz CBW can be replaced with A-MPR for 5, 10 or 15 MHz CBW
· Specify the conditions in a generic way in order to apply it for A-MPR for any other CBW and band
· Note that no re-evaluation of the existing A-MPR is needed
· Study any other potential approaches to reduce A-MPR than the specified one above (if any other approaches are identified), such as if a special filter is used, how the improved A-MPR can be specified (filter attenuation level may not be flat across the victim radio system frequency range)
4	Another aspect
One possible approach to expand a region where A-MPR is smaller or zero can be also exploited for FDD reference sensitivity optimization. Reference sensitivity is one of the important aspects in UE RF Rx requirements since that is the reference for almost all the UE RF Rx requirements and it can be used as  network design. The reference sensitivity, however, is impacted from the Tx noise for FDD bands. The degradation becomes larger if higher power class is used and/or wider CBW or CA is used. Below Table 1,  2 and 3 are parameters related to reference sensitivity requirements for n7.
Table 1: a part of Table 7.3.2.3-1 Two antenna port reference sensitivity QPSK PREFSENS in TS38.101-1
	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	40
MHz
(dBm)
	50
MHz
(dBm)
	Duplex Mode

	n7
	15
	-98.0
	-94.8
	-93.0
	-91.8
	-90.7
	-89.9
	-88.6
	-81.5
	FDD



Table 2: a part of Table 7.3.2.3-3 Uplink configuration for REFSENS in TS38.101-1
	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30 MHz
	40
MHz
	50
MHz
	Duplex Mode

	n7
	15
	25
	50
	75
	75
	72
	64
	45
	45
	FDD



[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 3: a part of Table 5.3.2-1: Maximum transmission bandwidth configuration NRB in TS38.101-1
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270





As can be seen, the specified reference sensitivity level is only guaranteed under the condition that the number of UL RBs is extremely limited. For instance, for 50 MHz CBW case, the specification supports n7 to transmit up to 270 RBs while the sensitivity is guaranteed when uplink configuration is 45 RBs. The possible approach discussed in section 3 would be used for UL configuration optimization for reference sensitivity. For instance, if the 25 MHz UL BWP is placed in the lower edge of the 50 MHz CBW and the DC is placed at the centre of the UL BWP, we can consider that the UE must be able to meet reference sensitivity even if 133 RBs are scheduled.
Observation 6: UL configuration optimization for FDD band reference sensitivity is also possible if an approach discussed in section 3 is adopted.
5	Conclusions
This contribution discussed possibility and justification of smaller A-MPR as one of the Rel-18 topics for UE RF enhancements. From the following five observations obtained, we believe that smaller A-MPR should be one of the objectives in Rel-18 UE RF enhancements.
Observation 1: A-MPR value can be significantly large, e.g., more than 10 dB (sometime around 20 dB) for wider channel bandwidths. At least 18 NS(s) have A-MPR whose value can be equal to 10 dB or even larger.
Observation 2: Actual A-MPR can be smaller than the specified values, depending on the relation between DC location and BWP.
Observation 3: If the A-MPR actually being used is smaller than the specified one, this situation makes UE and NW have a lose-lose relationship and leads to several of NR’s advantages being lost, such as wider CBW and higher power classes.
Observation 4: If a UE positions its DC at the centre of the UL BWP, it’s possible to expand the zero and/or smaller A-MPR regions, and it does not require re-evaluation of A-MPR.
Observation 5: In the WI, the conditions where smaller A-MPR apply should be generalized.
Observation 6: UL configuration optimization for FDD band reference sensitivity is also possible if an approach such as that discussed in section 3 is adopted.
Proposal: Include the following objective in Rel18 RAN4-led WI:
· Identify condition(s) under which A-MPR for a given CBW can be replaced with A-MPR for smaller CBW(s), as follows:
· Use an example A-MPR for NS_05 for n1
· Consider the relation between UL BWP size, position and UL DC location
· Additional aspects can be also discussed if any
· Identify conditions under which A-MPR for 20 MHz CBW can be replaced with A-MPR for 5, 10 or 15 MHz CBW
· Specify the conditions in a generic way in order to apply it for A-MPR for any other CBW and band
· Note that no re-evaluation of the existing A-MPR is needed
· Study any other potential approaches to reduce A-MPR than the specified one above (if any other approaches are identified), such as if a special filter is used, how the improved A-MPR can be specified (filter attenuation level may not be flat across the victim radio system frequency range)
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[bookmark: _Hlk97808922]Table 6.2.3.4-1: A-MPR regions for NS_05 and NS_05U
	Channel Bandwidth (MHz)
	Carrier Centre Frequency, Fc (MHz)
	Region A
	Region B
	Region C

	
	
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR

	5
	1922.5 ≤ FC < 1927.5
	< 1.62 MHz/12/SCS
	> 2.52 MHz/12/SCS
	A3
	
	
	
	
	
	

	10
	1925 ≤ FC < 1935
	< 1.62 MHz/12/SCS
	> 0
	A1
	> 1.62 MHz/12/SCS

≤ 3.60 MHz/12/SCS
	> 5.4 MHz/12/SCS
	A7
	≥ 7.2 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A2

	10
	1935 ≤ FC < 1945
	
	> 4.5 MHz/12/SCS
	A4
	
	
	
	
	
	

	15
	1927.5 ≤ FC < 1932.5
	< 3.24MHz/12/SCS
	> 0
	A1
	> 3.24 MHz/12/SCS

≤ 5.40 MHz/12/SCS
	> 8.1 MHz/12/SCS
	A7
	≥ 10.08  MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A2

	15
	1932.5 ≤ FC < 1942.5
	< 1.62 MHz/12/SCS
	> 0
	A1
	
	
	
	≥ 12.24 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A2

	15
	1942.5 ≤ FC < 1947.5
	
	> 7.2 MHz/12/SCS
	A5
	
	
	
	
	
	

	20
	1930 ≤ FC < 1950
	< 4.86 MHz/12/SCS
	> 0
	A1
	> 4.86 MHz/12/SCS

≤ 7.20 MHz/12/SCS
	> 9.0 MHz/12/SCS
	A7
	≥ 13.68 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A2

	20
	1950 ≤ FC < 1960
	
	> 9.0 MHz/12/SCS
	A6
	
	
	
	
	
	

	NOTE 1:	The A-MPR values are specified in Table 6.2.3.4-2, 6.2.3.4-3 and 6.2.3.4-10.
NOTE 2:	Void





Table 6.2.3.4-2: A-MPR for NS_05 and NS_05U
	Modulation/Waveform
	A1 (dB)
	A2 (dB)
	A3 (dB)

	
	Outer/Inner
	Outer/Inner
	Outer
	Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 10
	≤ 5
	≤ 4
	

	
	QPSK
	≤ 10
	≤ 5
	≤ 4.5
	

	
	16 QAM
	≤ 10
	≤ 5
	≤ 6
	

	
	64 QAM
	≤ 11
	≤ 5
	≤ 6
	

	
	256 QAM
	≤ 13
	≤ 5
	≤ 7
	

	CP-OFDM
	QPSK
	≤ 10
	≤ 5
	≤ 7.5
	≤ 2

	
	16 QAM
	≤ 10
	≤ 5
	≤ 7.5
	

	
	64 QAM
	≤ 11
	≤ 5
	≤ 8
	

	
	256 QAM
	≤ 13
	
	≤ 10
	

	NOTE 1:	Void
NOTE 2:	Void



Table 6.2.3.4-3: A-MPR for NS_05
	Modulation/Waveform
	A4 (dB)
	A5 (dB)
	A6 (dB)
	A7 (dB)

	
	Outer
	Inner
	Outer
	Inner
	Outer
	Inner
	Outer/Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 1
	N/A
	≤ 1
	
	≤ 1
	N/A
	≤ 6

	
	QPSK
	
	
	≤ 1.5
	
	≤ 1.5
	
	≤ 6

	
	16 QAM
	
	
	
	
	
	
	≤ 6

	
	64 QAM
	
	
	
	
	
	
	≤ 6

	
	256 QAM
	
	
	
	
	
	
	≤ 6

	CP-OFDM
	QPSK
	≤ 3.5
	
	≤ 3.5
	
	≤ 3.5
	
	≤ 6

	
	16 QAM
	≤ 3.5
	
	≤ 3.5
	
	≤ 3.5
	
	≤ 6

	
	64 QAM
	
	
	
	≤ 4
	
	
	≤ 6

	
	256 QAM
	
	
	
	
	
	
	≤ 6

	NOTE 1:	Void
NOTE 2:	Void
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