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1.  Introduction
In the RAN4 e-meeting, a set of CR/contribution were submitted to correct n74 NS/A-MPR [1,2]. This paper is to investigate the issues around the NSs, including results of post-meeting studies.
Note: please be careful on mixed expressions of CBW positions because we have been using CBW edge or Fc case-by-case in 36/38.101.
2.  Discussion
Dual duplexers (33+30MHz) are assumed in n74 because of broader passband/narrow gap. For accommodating potential FDD usage, three NS(NS_37-39) are defined as below, in addition to -50dBm/MHz Tx -> Rx where feasible:
	
	Purpose
	Level@ protected range

	NS_37
	B21 Tx -> B11 Rx protection for Japan
	-35dBm/MHz@1475.9-1510.9MHz

	NS_38
	EESS protection @ 15dBm Tx
	-32dBm/27MHz@1400-1427MHz

	NS_39
	Own Rx protection
	-28dBm/MHz@1475-1488MHz



The contributions [1,2] seemed to point out that, while using the upper duplexer, “own Rx protection” for 1475-1488MHz is too tight in the transition from NS_39 to general requirement (-50dBm/MHz) as there is 22dB step in-between. And during the course of discussion in R4#100-e, it was also identified that NS_38 may have a problem.

[Observation-1] For NS_39, transition from A-MPR range (-28dBm/MHz) to general (-50dBm/MHz) seems too tight.

2.1 NS_39 to general requirement transition
In the current NS_39/general requirements, ranges of NS_39 and general are defined back to back as:
	Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n74
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 12, 13, 17, 18, 19, 20, 26, 28, 29, 31, 34, 38, 39, 40, 41, 42, 43, 48, 52, 65, 66, 67, 68, 85
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1400
	-
	1427
	-32
	27
	15, 41

	
	Frequency range
	1475
	-
	1488
	-50
	1
	42

	
	Frequency range
	1488
	-
	1518
	-50
	1
	15

	
NOTE 41:	Applicable for cases and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1427 MHz + the channel BW assigned for 5 and 10 MHz bandwidth, and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1440 MHz for 15 and 20 MHz bandwidth.
NOTE 42:	Applicable for 5 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1467 MHz assigned for 10 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1463.8 MHz for 15 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1460.8 MHz for 20 MHz bandwidth.




6.2.3.10	A-MPR for NS_39
Table 6.2.3.10-1: A-MPR for own RX (NS_39) Protection (1440 – 1470 MHz)
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	Region A
(Outer/Inner)

	
	
	RBstart+LCRB
	A-MPR (dB)

	10
	1462 < FC ≤ 1465
	> 7.9 MHz/12/SCS
	≤ 6

	15
	1456.3 < FC ≤ 1462.5
	> 11.2 MHz/12/SCS
	≤ 6

	20
	1450.8 < FC ≤ 1460
	> 14.4 MHz/12/SCS
	≤ 6

	NOTE 1 - 4:	Void





Note: Extracted from [3], limited to essential parts/NOTES.
In summary, the current 101-1 situation is depicted in Figure 1.
[image: ]
Figure 1  Current NS_39/General requirement definition (expressed in Tx CBW upper edge) 
In post-meeting check, it was found that the general requirement was originally intended only when Tx CBW is confined within the lower duplexer, i.e., 1427-1460MHz.
[Observation-2] -50dBm/MHz requirement toward 1475-1488MHz was intended when Tx CBW is confined within the lower duplexer.
Thus, the current requirements could be too tight in “problematic range” in Figure 1 where -50dBm/MHz is to be applied in spite of the upper duplexer. Note that CBW positions are indicated in the upper edge of Tx CBW for better visibility.
	[bookmark: _Hlk85616847]Tx CBW
	Lowest NS_39 range
(indicated in Tx Upper edge)
	Problematic range
(in Tx Upper Edge)

	5MHz
	NS_39 not applicable
	1460.1-1470

	10MHz
	1467
	1460.1-1466.9

	15MHz
	1463.8
	1460.1-1463.7

	20MHz
	1460.8
	1460.1-1460.7



To fill the requirements for the problematic range, apart from running the simulation campaign from the scratch, there are two quick selections: extend NS_39 or define a new “general” requirement. For avoiding too tight or too loose requirements, the following criteria are proposed:
1) while the separation between Tx CBW upper edge and the lower edge of n74 Rx (i.e., 1475MHz) is less than the Tx CBW, apply NS_39,

2) otherwise, apply a new “general” requirement.

Firstly, with 1), NS_39 ranges are expanded in 10/15/20MHz (as shown in the table/Figure 2 below).
Concerning the value for the new general req., since the new general range includes the range of -25dBm/MHz region in SEM, a similar value is practical. We’d propose -28dBm/MHz expecting a few dB attenuation at 1475MHz in the duplexer and because of the value being used in NS_39.
[bookmark: _Hlk85635718][Proposal-1] For 1475-1488MHz own Rx protection from the upper duplexer portions, it is proposed to split NS_39 and general based on separation between Tx CBW upper edge and Rx lower edge, i.e., apply NS_39 while the separation is less than Tx CBW and otherwise apply a new general requirement.
[Proposal-2] For the new general requirement to 1475-1488MHz, -28dBm/MHz is proposed.
The summary of the proposals above is below.
	Tx CBW
	Lowest NS_39 range
(indicated in Tx Upper edge)
	General Req. 
(-28dBm/MHz)
	Problematic range
(in Tx Upper Edge)

	5MHz
	NS_39 not applicable
	1460.1-1470
	1460.1-1470

	10MHz
	1467->1465.1
	1460.1-1465
	1460.1-1466.9

	15MHz
	1463.8->1460,1
	none
	1460.1-1463.7

	20MHz
	1460.8->1460.1
	none
	1460.1-1460.7



With those, 1475-1488MHz protection is modified as Figure 2 below.

[image: ]
Figure 2  Proposed modifications (expressed in Tx CBW upper edge) 

2.2 NS_38 issue
During the last RAN4 e-meeting, a concern was also raised about NS_38 ranges. Excerpt of [3] is shown below:
	[bookmark: _Hlk85618578]Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n74
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 12, 13, 17, 18, 19, 20, 26, 28, 29, 31, 34, 38, 39, 40, 41, 42, 43, 48, 52, 65, 66, 67, 68, 85
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1400
	-
	1427
	-32
	27
	15, 41

	
	Frequency range
	1475
	-
	1488
	-50
	1
	42

	
	Frequency range
	1488
	-
	1518
	-50
	1
	15

	
NOTE 41:	Applicable for cases and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1427 MHz + the channel BW assigned for 5 and 10 MHz bandwidth, and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1440 MHz for 15 and 20 MHz bandwidth.
NOTE 42:	Applicable for 5 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1467 MHz assigned for 10 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1463.8 MHz for 15 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1460.8 MHz for 20 MHz bandwidth.



6.2.3.9	A-MPR for NS_38
Table 6.2.3.9-1: A-MPR for EESS (NS_38) Protection (1430 – 1470 MHz)
	Channel Bandwidth (MHz)
	Carrier Centre Frequency, Fc (MHz)
	Region A
Outer/Inner
	Region B
Outer/Inner

	
	
	RBstart
	LCRB
	A-MPR (dB)
	RBstart+LCRB
	A-MPR (dB)

	5
	[bookmark: _Hlk85618235]1432.5 ≤ FC < 1437.5
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 7
	≤ 2.16 MHz/12/SCS
	≤ 5.5

	10
	1435 ≤ FC < 1442
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 12
	≤ 2.16 MHz/12/SCS
	≤ 9

	15
	1437.5 ≤ FC < 1447.5
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 13
	≤ 3.6 MHz/12/SCS
	≤ 10

	20
	1440 ≤ FC < 1450
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 13
	≤ 5.4 MHz/12/SCS
	≤ 10

	NOTE 1 - 4:	Void







Our current understanding is:
1) For 5 and 10MHz CBWs, NOTE 41 simply reflected a result of LTE studies such as in [4], i.e., 2nd adjacent 5/10MHz CBW from the edge (1427MHz) can be operated without extra backoff against EESS. For 15MHz/20MHz cases, the applicability of the general requirement (as -32dBm/27MHz) is limited to the CBWs confined within the upper duplexer (1440-1470MHz). Then we interpret NOTE 41 is valid.

2) Concerning the ranges of NS_38 and the general, there is an issue found: overlap in 5MHz CBW as below,

	Tx CBW
	Highest NS_38 range
(indicated in Tx lower edge)
	General range
(in Tx lower edge)

	5MHz
	1435
	1432

	10MHz
	1437
	1437

	15MHz
	1440
	1440

	20MHz
	1440
	1440



[bookmark: _Hlk81290942]As mentioned in 1), we believe no extra backoff needed for 5MHz as long as the lower Tx CBW edge is 5MHz apart from 1427MHz. Then the applicability of NS_38 should be corrected to 1432.5 ≤ FC < 1434.5 1437.5, which is equivalent to 1430 – 1432MHz in the Tx lower edge expression.
[bookmark: _Hlk85633784][Proposal -3] The range of 5MHz CBW is proposed to be changed for NS_38.

While this is not related to NS_38, there might be a lack of description in the general co-ex table that EESS protection is verified with Tx power of 15dBm. We need to check if there is a relevant description. (CR image in Annex includes the description with a marker for a rainy day.)
3.  Conclusion
This paper considers NS/A-MPR issues around n74. Proposals are:
For NS_39,
[Proposal-1] For 1475-1488MHz own Rx protection from the upper duplexer portions, it is proposed to split NS_39 and general based on separation between Tx CBW upper edge and Rx lower edge, i.e., apply NS_39 while the separation is less than Tx CBW and otherwise apply a new general requirement.
[Proposal-2] For the new general requirement to 1475-1488MHz, -28dBm/MHz is proposed.
For NS_38,
[Proposal -3] The range of 5MHz CBW is proposed to be changed for NS_38.
The potential CR based on the proposals above is provided in the annex for review. The official CRs will be provided upon agreements of the proposals.
Reference
R4-2111736		CR CatF n74 Coexistence, Qualcomm                                                                                                                    
R4-2111739		n74 NS_39 Coexistence Issue, Qualcomm
[3]	TS38.101-1 (v17.3.0)
[4]	TR36.751		FDD operating band in the L-band for LTE




Annex.  CR based on the proposed modifications (against v 17.3.0)

[bookmark: _Hlk85618648][unaffected portions not shown]

Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n74
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 12, 13, 17, 18, 19, 20, 26, 28, 29, 31, 34, 38, 39, 40, 41, 42, 43, 48, 52, 65, 66, 67, 68, 85
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1400
	-
	1427
	-32
	27
	15, 41

	
	Frequency range
	1475
	-
	1488
	-2850
	1
	15, 42

	
	Frequency range
	1475
	-
	1488
	-50
	1
	15, XX

	
	Frequency range
	1488
	-
	1518
	-50
	1
	15

	
NOTE 41:	Applicable for cases and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1427 MHz + the channel BW assigned for 5 and 10 MHz bandwidth, and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1440 MHz for 15 and 20 MHz bandwidth. This requirement shall be verified with UE transmission power of 15 dBm.
NOTE 42:	Applicable when upper edge of the assigned NR UL channel bandwidth frequency is more than 1460MHz and less than or equal to 1470MHz for 5 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is more than 1460MHz and less than or equal to 14657 MHz assigned for 10 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1463.8 MHz for 15 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1460.8 MHz for 20 MHz bandwidth.

NOTE XX:	Applicable when upper edge of the assigned NR UL channel bandwidth frequency is equal to or less than 1460MHz.



[unaffected portions not shown]

6.2.3.9	A-MPR for NS_38
Table 6.2.3.9-1: A-MPR for EESS (NS_38) Protection (1430 – 1470 MHz)
	Channel Bandwidth (MHz)
	Carrier Centre Frequency, Fc (MHz)
	Region A
Outer/Inner
	Region B
Outer/Inner

	
	
	RBstart
	LCRB
	A-MPR (dB)
	RBstart+LCRB
	A-MPR (dB)

	5
	1432.5 ≤ FC < 14347.5
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 7
	≤ 2.16 MHz/12/SCS
	≤ 5.5

	10
	1435 ≤ FC < 1442
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 12
	≤ 2.16 MHz/12/SCS
	≤ 9

	15
	1437.5 ≤ FC < 1447.5
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 13
	≤ 3.6 MHz/12/SCS
	≤ 10

	20
	1440 ≤ FC < 1450
	≤ -1.8 MHz/12/SCS + LCRB /2
	> 3.6 MHz/12/SCS
	≤ 13
	≤ 5.4 MHz/12/SCS
	≤ 10

	NOTE 1 - 4:	Void



6.2.3.10	A-MPR for NS_39
Table 6.2.3.10-1: A-MPR for own RX (NS_39) Protection (1440 – 1470 MHz)
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	Region A
(Outer/Inner)

	
	
	RBstart+LCRB
	A-MPR (dB)

	10
	14602 < FC ≤ 1465
	> 7.9 MHz/12/SCS
	≤ 6

	15
	14526.53 < FC ≤ 1462.5
	> 11.2 MHz/12/SCS
	≤ 6

	20
	1450.8 < FC ≤ 1460
	> 14.4 MHz/12/SCS
	≤ 6

	NOTE 1 - 4:	Void




[unaffected portions not shown]
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