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1 Introduction
During RAN5#97, there was some discussion on whether new A-MPR test points needed to be specified for RedCap only UEs, considering RedCap UE could only support up to 20MHz channel bandwidth.
This document provides some consideration on this topic.
2 Discussion
2.1 Illustration of the problem
Taking AMPR testing for NS_48 on band n1 and n48 as an example, the applicable channel bandwidths are {10, 15, 20, 25, 30, 40, 45, 50} as per Table 6.2.3.1-1 in TS 38.101-1. However, in TS 38.521-1 the test configurations are only for bandwidths {25 MHz, 30MHz, 40MHz, 45MHz, 50MHz}. This seems a test coverage hole and RedCap UE is not tested due to its bandwidth restriction.
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After checking all the NS signalling that have been introduced by RAN5, the inconsistency exists for a few other NS values such as NS_27, NS_38, NS_46, NS_48 and NS_49.
Observation 1: Inconsistency of channel bandwidth between RAN4 and RAN5 occurs for NS_27, NS_38, NS_46, NS_48 and NS_49.
	
	Applicable bandwidth according to TS 38.101-1
	Test channel bandwidth in TS 38.521-1
	Comment

	NS_03
	
	Lowest, Highest
	

	NS_03U
	
	Lowest, Highest
	

	NS_04
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	Lowest, Highest
	

	NS_05
	5, 10, 15, 20
	5,10,15,20
	

	NS_06
	5,10,15
	Lowest, Highest
	

	NS_12
	5,10
	5,10
	

	NS_13
	5
	5
	

	NS_14
	10,15,20
	10,15,20
	

	NS_15
	5,10,15,20
	5,10,15,20
	

	NS_18
	5,10,15,20,25,30
	5,10,20,30
	15MHz and 25MHz are skipped as per TP analysis

	NS_21
	5,10
	Lowest, Highest
	

	NS_24
	5, 10, 15, 20
	5,10,15,20
	

	NS_27
	5, 10, 15, 20, 30, 40
	15,20,30,40
	AMPR requirements are specified for 15,20,30,40 only

	NS_35
	5, 10, 15, 20
	Lowest, Highest
	

	NS_37
	10, 15
	10,15
	

	NS_38
	5,10,15,20
	10,15,20
	5MHz is missing in the TP analysis.

	NS_39
	10,15, 20
	10, 15, 20
	

	NS_40
	5
	5
	

	NS_41
	5, 10, 15, 20, 30, 40, 50, 60
	10,15,20,Highest <=60
	Some BWs could be skipped according to TP analysis

	NS_42
	5, 10, 15, 20, 30, 40, 50, 60
	5,Highest <=60
	Some BWs could be skipped according to TP analysis

	NS_43
	5, 10, 15
	5,10,15
	

	NS_43U
	5, 10, 15
	5,10,15
	

	NS_44
	25, 30, 40
	25,30, 40
	

	NS_45
	5, 10
	Lowest, Highest
	

	NS_46
	25, 30, 35, 40, 50
	15,20,25,50
	Test configuration is not aligned with latest RAN4 specification. 15MHz and 20MHz need to be removed.

	NS_47
	30
	30
	

	NS_48
	10, 15, 20, 25, 30, 40, 45, 50
	25,30,40,45,50
	No A-MPR requirements specified for 10, 15 and 20MHz for PC3

	NS_49
	10, 15, 20, 25, 30, 40, 45, 50
	PC3: 25,30,40,45,50
PC2: 10, 15, 20, 25, 30, 40, 50
	No A-MPR requirements specified for 10, 15 and 20MHz for PC3
For PC2, 45MHz is added in this meeting

	NS_56
	5,10
	5,10
	



For test cases other than AMPR and relevant A-SEM and A-SE, the test channel bandwidth are specified as a subset of {Lowest, Mid, Higheset}, for which the specific test channel bandwidth is clearly specified in TS 38.508-1 for both RedCap UE and non-RedCap UE.
Observation 2: Inconsistency of channel bandwidth only occurs for AMPR, A-SEM and A-SE.
2.2 Handling of NS_48 and NS_49
A-MPR for NS_48 is specified to meet the additional spurious requirement in 6.5.3.2.22.
[image: ]

The requirements of the additional spurious emission and the spurious emission co-existence on band n1/n84 are copied from TS 38.101-1 for reference.
< Additional spurious emission requirements in 6.5.3.3 of TS 38.101>
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When "NS_48" or "NS_51" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.3.22-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
Table 6.5.3.3.22-1: Additional requirements for "NS_48"
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	[bookmark: _Hlk29549626]E-UTRA band 34 –
NR band n34
	FDL_low
	-
	FDL_high
	-50
	1
	

	Frequency range
	1900
	-
	1915
	-15.5
	5
	1

	Frequency range
	1915
	-
	1920
	+1.6
	5
	1

	NOTE 1:	For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.



< Spurious emission co-existence requirements in 6.5.3.2 of TS 38.101>
	NR Band
	Spurious emission for UE co-existence

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

	n1, n84
	E-UTRA Band 1, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 32, 38, 40, 41, 42, 43, 44, 45, 50, 51, 52, 65, 67, 68, 69, 72, 73, 74, 75, 76,
NR Band n78, n79, n100, n104
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 3, 
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 34
	FDL_low
	-
	FDL_high
	-50
	1
	15, XX	Comment by Huawei-Chunying Gu: Should be NOTE 43. There is a correction RAN4 CR in this meeting.

	
	Frequency range
	1880
	-
	1895
	-40
	1
	15, 27

	
	Frequency range
	1895
	-
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	-
	1920
	+1.6
	5
	15, 26, 27

	NOTE 1:	FDL_low and FDL_high refer to each frequency band specified in Table 5.2-1 in TS 38.101-1 or Table 5.5-1 in TS 36.101
NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x RBsize kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.
NOTE 27:	This requirement is applicable for channel bandwidths up to 20 MHz within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when the carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when the carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.
NOTE 43:	This requirement is applicable for NR channel bandwidths up to 20MHz allocated within 1920-1980 MHz.



Comparing the additional spurious emission requirements and the spurious emission co-existence requirements, we could have following observations:
1. The protection of band n34 and frequency range 1900~1920 is specified in spurious emission co-existence for up to 20MHz. The relevant test case in RAN5 is executed on Lowest, Mid and Highest channel bandwidths with MPR applied.
2. The protection of band n34 and frequency range 1900~1920 is specified in additional spurious emission along with A-MPR values specified for BWs > 20MHz. Test configuration of additional spurious emission in RAN5 only consists of BWs > 20MHz with AMPR applied.

Based on above observations, the NS_48 A-MPR/ASE test points for up to 20MHz channel bandwidth are not needed. Even if we add those test points, it would just be a repetition of what has be tested in spurious emission co-existence considering no additional AMPR are specified.
For NS_49 the case is quite similar and analysis is not repeated here.
Proposal 1: For NS_48 and NS_49 the additional spurious emission requirements for channel bandwidths up to 20MHz are already verified in spurious emission co-existence, and don’t need to be added to A-MPR/A-SE test cases.
2.3 Handling of NS_27
AMPR for NS_27 is specified to meet the additional spectrum emission mask requirement in 6.5.2.3.8 and additional spurious requirement in 6.5.3.2.14. The AMPR requirements are only specified for BW>=15MHz.
	NS_27
	6.5.2.3.8
6.5.3.3.14
	n48
	5, 10, 15, 20, 30, 40
	Table 6.2.3.16-1
	Table 6.2.3.16-2



The A-MPR requirements for NS_27 are copied from TS 38.101-1 for reference. 
< A-MPR requirements in 6.2.3 of TS 38.101>
Table 6.2.3.16-1: A-MPR for NS_27
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	Region A
	Region B

	
	
	RBstart*12*SCS
	RBend*12*SCS
	LCRB*12*SCS
	A-MPR
	LCRB*12*SCS
	A-MPR

	15 MHz
	3557.5 ≤ FC < 3562.5
	<1.8 MHz
	
	
	A3
	≥10.8 MHz
	A3

	
	3687.5 < FC ≤ 3692.5
	>11.52 MHz
	
	
	
	
	

	15 MHz
	3562.5 ≤ FC < 3567.5
	≤1.08 MHz
	
	<1.44 MHz
	A4
	≥11.52 MHz
	2

	
	3682.5 < FC ≤ 3687.5
	
	≥13.22 MHz
	
	
	
	

	20 MHz
	3560 ≤ FC < 3570
	<3.6 MHz
	
	
	A5
	≥10.8 MHz
	A5

	
	3680 < FC ≤ 3690
	>12.96 MHz
	
	
	
	
	

	20 MHz
	3570 ≤ FC < 3580
	≤2.16 MHz
	
	<1.44 MHz
	A6
	≥14.4 MHz
	2

	
	3670 < FC ≤ 3680
	
	≥16.92
	
	
	
	

	30 MHz
	3565 ≤ FC < 3585
	< 7.38MHz
	
	
	A7
	
	

	
	
	≥ 7.38MHz
≤24.48MHz
	
	≥ 15.3MHz
	A2
	
	

	
	
	
	
	< 15.3 MHz
	A1
	
	

	
	
	≥24.48MHz
	
	< 2.7 MHz
	A7
	
	

	
	
	
	> 19.44 MHz
	
	A7
	
	

	
	3665 < FC ≤ 3685
	
	≤19.44MHz
≥3.24 MHz
	≥ 15.3 MHz
	A2
	
	

	
	
	
	
	< 15.3 MHz
	A1
	
	

	
	
	
	<3.24 MHz
	< 2.7MHz
	A7
	
	

	
	3585 ≤ FC ≤ 3665
	≤[3.96] MHz
	
	< 1.44MHz
	A8
	≥19.44 MHz
	4

	
	
	
	≥24.48MHz
	
	A8
	
	



The specific A-MPR requirements are defined only for ChBWs >=15MHz. RAN5 usually only specifies test points for the cases where A-MPR is specified. For NS_27 we could follow this approach and skip 5MHz and 10MHz.
Proposal 2: For NS_27 no additional test points for 5MHz and 10MHz are needed.
The requirements of the additional spurious emission and the spurious emission co-existence on band n1/n84 are copied from TS 38.101-1 for reference. 
< Additional spectrum emission mask requirements in 6.5.3.3 of TS 38.101>
Table 6.5.2.3.8-1: Additional requirements for "NS_27"
	ΔfOOB 
MHz
	Channel bandwidth (MHz) / 
Spectrum emission limit 
(dBm)
	Measurement
bandwidth

	
	5
	10
	15
	20
	30
	40
	

	± 0 - 1
	-13
	1 % channel bandwidth

	± 1 - X
	-13
	1 MHz

	< – X or > X
	-25
	

	NOTE 1:	X is occupied channel bandwidth as defined in Table 6.5.1-1.
NOTE 2:	The requirements apply only at the frequency range from 3540 MHz to 3710 MHz.



< General spectrum emission mask requirements in 6.5.2.2 of TS 38.101>
Table 6.5.2.2-1: General NR spectrum emission mask
	ΔfOOB 
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5
	10, 15, 20, 25, 30, 35, 40, 45
	50, 60, 70, 80, 90, 100
	

	± 0-1
	-13
	-13
	
	1 % of channel BW

	± 0-1
	
	
	-24
	30 kHz

	± 1-5
	-10
	-10
	
1 MHz

	± 5-6
	-13
	
	

	± 6-10
	-25
	
	

	± 5-BWChannel
	
	-13
	

	± BWChannel-(BWChannel+5)
	
	-25
	



Comparing the additional spectrum emission mask requirements and the General spectrum emission mask requirements, we could have following observations:
1. The additional spectrum emission mask is stricter for ΔfOOB =±1-6MHz for 5MHz Channel bandwidth. 
2. The additional spectrum emission mask is stricter for ΔfOOB =±1-5MHz for 10MHz Channel bandwidth.

There is no additional AMPR specified for 5MHz and 10MHz channel bandwidth. Testing general SEM only is not enough. It’s needed to add test points of 5MHz and 10MHz for A-MPR/ASEM/ASE to verify UE could meet the stricter additional requirements with the unchanged power fallback.
Proposal 2: For NS_27 additional test points for 5MHz and 10MHz need to be added to AMPR/ASEM/ASE test cases.
2.4 Handling of NS_38 and NS_46
For NS_38 and NS_46, the TP analysis is not based on the latest RAN4 specification, which leads to the inconsistency of channel bandwidth.
Proposal 3: For NS_38 and NS_46 update the TP analysis to align with latest RAN4 specification.
3 Conclusion
This discussion paper analysis the potential missing test points for RedCap Ues, and provides following observations and proposals.
Observation 1: Inconsistency of channel bandwidth between RAN4 and RAN5 occurs for NS_27, NS_38, NS_46, NS_48 and NS_49.
Observation 2: Inconsistency of channel bandwidth only occurs for AMPR, A-SEM and A-SE.
Proposal 1: For NS_48 and NS_49 the additional spurious emission requirements for channel bandwidths up to 20MHz are already verified in spurious emission co-existence, and don’t need to be added to A-MPR/A-SE test cases.
Proposal 2: For NS_27 no additional test points for 5MHz and 10MHz are needed.
Proposal 2: For NS_27 additional test points for 5MHz and 10MHz need to be added to AMPR/ASEM/ASE test cases.
[bookmark: _GoBack]Proposal 3: For NS_38 and NS_46 update the TP analysis to align with latest RAN4 specification.
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