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1	Background
In RAN4#108, a TP to TR [1] introduced DC_18-n77. This TP used operator specific ranges of n77 to justify that IMD4 and 5 MSDs are not specified. Also, UL1/DL4 is not specified, and this aspect is covered in another discussion paper [2]. In this contribution we discuss whether operator specific frequency range should be allowed in this case.
2 Discussion
2.1 Current MSD test point for DC_18-n77
The IMD related MSD captured in [1] is copied in Table 1 below.
Table 1: MSD test points for PCell due to dual uplink operation for PC2 EN-DC in NR FR1 (two bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_18A_n77AX
	18
	N/A
	N/A
	N/A
	N/A
	N/A
	IMD4/5

	
	n77
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	NOTE X:	There is no IMD4/5 products in band n18 downlink for n77 operating in 3520 – 3560 MHz, 3700 – 3800MHz and 4000 - 4100MHz frequency range.



Observations:
· The same note is already used for CA_n18-n77 PC3 and PC2
· The restricted frequency range associated with Note X is an operator specific range in Japan. This is justified in [1] by the fact that Band n18 also belongs solely to one operator.
· The Japan restricted frequency range is 3400-4100MHz (accounting for the 4100-4200MHz guard-band for radio-altimeters).
· All parameters are N/A, while in similar band combination cases with frequency restricted ranges, the test point parameters and MSD are provided and only one the Note is attached to the IMD column that says that the MSD cannot be tested within the restricted range. 
· A single row is used for IMD4 and IMD5 while the lowest even and odd orders should be specified 
· The note is applied to the EN-DC configuration while it is usually attached to the MSD value

As observed above, there are other aspects that require further evaluation to derive consistent rules on how to capture frequency range restrictions and to define the type of restrictions that are acceptable.
For example, Band n77 already includes different restricted ranges for the US, Canada and Japan:
· 3400MHz-4100MHz in Japan for PC2/3 but 3400MHz-4000MHz for PC1.5 (not the operator specific sub-ranges of 3520- 3560 MHz, 3700- 3800MHz and 4000-4100MHz) 
· 3450-3550MHz and 3700-3980MHz for the US (has changed in R17 and may change further)
· 3450-3650MHz and 3650- 3980MHz in Canada
2.2 Current frequency range restriction in 38.101-1 and 38.101-3
In this paragraph, we list the notes and requirements that have a frequency range restriction in 38.101-1 and 38.101-3. The focus is on the band and band combination definitions and MSDs. This applies for Bands 1/n1, 28/n28, 41/n41, n77, and n79.
The notes and requirements with frequency ranges restrictions are highlighted with the following colors:
· [bookmark: _Hlk146622256]Applicable frequency range restriction is for Japan
· Applicable frequency range restriction is for Europe
· Applicable frequency range restriction is for China
· Applicable frequency range restriction is for China and Japan
· Applicable frequency range restriction is for Norh America
· Applicable frequency range restriction is for the US
· Applicable frequency range restriction or test point is specific to an operator in Japan

For Band 1/n1
Table 7.3B.2.3.5.2-1a in 38.101-3:
· The frequency range in band 1 is restricted for this band combination to 1940 - 1960 MHz for the UL and 2130 - 2150 MHz for the DL.

For Band 28/n28
Table 6.2B.3.3A-1 in 38.101-3:
· Applicable when the assigned NR carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.
Table 6.5B.3.3.2-1 in 38.101-3:
· This requirement is applicable in the case of a 10 MHz E-UTRA or NR carrier confined within 703 MHz and 733 MHz, otherwise the requirement of -25 dBm with a measurement bandwidth of 8 MHz applies. 
Table 7.3B.2.3.1-1 in 38.101-3:
· The frequency range in band n28 is restricted for this band combination to 728 - 738 MHz for the UL. This band is subject to 2nd harmonic fall in B21 also which MSD is not specified.
Table 7.3B.2.3.5.1-1 in 38.101-3:
· The frequency range in band n28 is restricted for this band combination to 728 - 738 MHz for the UL and 783 - 793 MHz for the DL. This band is subject to IMD2, IMD4 and IMD5 fall in n28 also which MSD is not specified. In addition, this band is subject to IMD4 fall in B21 also which MSD is not specified.
For cross band MSD table in 38.101-1: operator specific second test point.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n18
	n285
	822.5
	15
	15
	25 (RBstart=0)
	800.5
	5
	31.3
	ACLR1

	n18
	n28
	822.5
	15
	15
	25 (RBstart=0)
	785.5
	5
	12.7
	ACLR2



For Band 41/n41 
Table 7.3A.5-1 in 38.101-1:
· Applicable when n41 spectrum is restricted to 2515-2675MHz 
Table 7.3C.3.2.1-1 in 38.101-1:
· The requirement is applied for UE transmitting on the frequency range of 2496 – 2515 MHz.

For band n77
Table 5.2-1 in 38.101-1: 
· [bookmark: _Hlk146579227]In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz. In Canada this band is restricted to 3450 – 3650 MHz and 3650 – 3980 MHz.
Table 5.2A.2.1-1 in 38.101-1: 
· The frequency range in band n77 is restricted for this band combination to 3520-3560 MHz, 3700-3800 MHz, 4000-4100 MHz.
· The frequency range in band n78 is restricted for this band combination to 3520 -3560 MHz and 3700– 3800 MHz.
Table 7.3A.4-1 in 38.101-1:
· For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.
· In the USA, n77 band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz. There is no UL harmonic due to n24 UL in downlink for n77 operating in 3450 – 3550 MHz and 3700 – 3980 MHz.
Table 7.3A.4-4 and Table 7.3A.4-4d in 38.101-1 and Table 7.3B.2.3.2-1a in 38.101-3: 
· For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.
Table 7.3A.5-1 in 38.101-1:
· Considering the spectrum holdings of the operator for CA_n77(2A) (when one uplink sub block is assigned within 3300-3400MHz, the other uplink sub block is not assigned within 4000-4200MHz or vice versa), no IMD5 result will fall in Rx frequency range of band n3. Therefore, no MSD requirement apply for this CA configuration when two uplink sub blocks are assigned within CA_77(2A).
· There is no IMD4/5 products in band n18 downlink for n77 operating in 3520 – 3560 MHz, 3700 – 3800MHz and 4000 - 4100MHz frequency range.
· There is no IMD4 product in band n18 downlink for n78 operating in 3520 – 3560MHz and 3700-3800MHz frequency range.
· There is no IMD4 product in band n24 downlink for n77 operating in 3450 – 3980 MHz and n24 uplink restricted to between 1627.5 – 1637.5 MHz and between 1646.5 – 1656.5 MHz.
· For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.
Table 7.3B.2.3.1-1 in 38.101-3:
· For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 from TS 38.101-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.

For Band n79 
Table 5.2A.2.1-1 in 38.101-1: 
· Applicable for frequency range above 4800 MHz for Band n79 in this combination.
Table 7.3A.5-2 in 38.101-1:
· There is no IMD2 product in band n79 downlink for n79 operating in 4800 – 5000 MHz frequency range.
Table 7.3B.2.3.5.2-1a in 38.101-3:
· The frequency range in band n79 is restricted for this band combination to 4400 - 4900 MHz for both the UL and the DL
· The frequency range in band n79 is restricted for this band combination to 4500 - 5000 MHz for both the UL and the DL
· The frequency range in band n79 is restricted for this band combination to 4500 - 4600 MHz for both the UL and the DL

Observations:
· Most of the frequency range restrictions are justified at a region or country level
· Several cases are specific to an operator in Japan but is justified by combining with a Japan specific band and used by a single operator.
· It should be observed though that Japan operator specific bands are often a sub-range of a harmonized band like 26/n26 for 18/n18 or 5/n5 or 74/n74 for 21/n21and is combined with a WW band (n41, n77, n1, n28)
· Where most of case with restricted spectrum only has a Note saying that the MSD cannot be tested for the restricted spectrum. While some other cases have N/A for all parameters:
· If the frequency restriction is changed it is very difficult to assess what must to be re-evaluated.

2.3 IMD ranges and proposal for CA_n18-n77 and DC_18_n77
Table 3 and Table 4 provide the IMD4 and IMD5 ranges that can fall into the band n18 DL for two cases respectively:
· Table 3 for the entire Band n77 3300-4200MHz ranges
· Table 4 for the usable Band n77 frequency ranges in Japan of 3400 to 4100MHz
Table 2: Band n18 and Band n77 UL IMD4/5 products for full band n77
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequencies (MHz)
	860
	875
	3300
	4200

	UL frequencies (MHz)
	815
	830
	3300
	4200

	4th order IMD products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high –f1_low|

	IMD frequency limit (MHz)
	810
	1755
	9070
	11785

	5th order IMD products
	|f1_low –4*f2_high|
	|f1_high –4*f2_low|
	|f2_low –4*f1_high|
	|f2_high –4*f1_low|

	IMD frequency limit (MHz)
	12370
	15985
	20
	940



Observation: There are both IMD4 case and IMD5 case. 
Table 3: Band n18 and Band n77 UL IMD4/5 products for Japan usable range of n77
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequencies (MHz)
	860
	875
	3400
	4100

	UL frequencies (MHz)
	815
	830
	3400
	4100

	4th order IMD products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high –f1_low|

	IMD frequency limit (MHz)
	910
	1655
	9370
	11485

	5th order IMD products
	|f1_low –4*f2_high|
	|f1_high –4*f2_low|
	|f2_low –4*f1_high|
	|f2_high –4*f1_low|

	IMD frequency limit (MHz)
	12770
	15585
	80
	840


Observation: When using the Japan restricted frequency range there are no IMD products falling in Band n18. Thus, there is no need to use an operator specific range.
2.4 Rules for frequency restrictions in band combinations
As shown in the previous sections, in most cases, using the region or country specific range, when justified from the combination that only applies in one region is an acceptable approach. Even so, there are potential issues with UL combinations such as CA_n5-n77, CA_n26-n77 or CA_n26-n41 that could apply beyond North America, if band n5 or n26 are valid bands in Japan.
Even when an MSD cannot be measured within a region or country specific frequency ranges, it is useful to specify the test point parameter and MSD with a Note that clarifies the MSD cannot be tested for the given frequency range.
We believe that this increases the need for a clear set of rules when applying frequency restrictions.
Proposal on rules for applying restricted frequency ranges:
· Operator specific frequency range restriction is not allowed for MSD studies:
· If the band combination contains a band that is solely deployed by one operator, then operator specific range can be considered on a case-by-case basis, only if the region or country restricted range is insufficient
· Region or country specific frequency ranges can be used for MSD studies, if the combination can be clearly identified to be valid in a single region or country:
· In cases where multiple regions or countries apply, using different MSD points for different restricted ranges may be considered on a case-by-case basis, only if the overall valid frequency range is insufficient
· Whenever an MSD is not applicable, when applying a valid frequency range restriction, valid test point(s) parameters for the bands are provided with the MSD value and a note clarifying that the MSD cannot be measured within a valid frequency restriction range attached to the IMD order. 
2.5 Applying for CA_n18-n77 and DC_18_n77
As shown previously, using the valid frequency range restriction of Japan is sufficient to demonstrate that the IMD4 and IMD5 MSDs cannot be measured. Further, when applying the rules above, we can propose a more consistent approach to the MSD test points.
Proposal for CA_n18-n77 and DC_18_n77 PC3 MSD test points: The relevant parts of the table below are used for the specification in 38.101-1 and 38.101-3 MSD due to IMDs of 2UL band tables. The IMD4 values are copied from similar band combination CA_n5-n77 and IMD5 values from CA_n14-n77.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	NR-CA or ENDC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_18A_n77A
	18
	827.5
	5
	25
	872.5
	8.3
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	18
	817.5
	5
	25
	862.5
	5.5
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	CA_n18-n77
	n18
	827.5
	5
	25
	872.5
	8.3
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	n18
	817.5
	5
	25
	862.5
	5.5
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	NOTE X:	In Japan, n77 band is restricted to 3400 – 4100 MHz frequency range, and there are no valid MSD test points when using this restricted frequency range.



Proposal for CA_n18-n77 and DC_18_n77 PC2 MSD test points: The relevant parts of the table below are used for the specification in 38.101-1 and 38.101-3 MSD due to IMDs of 2UL band tables. The IMD4 and IMD5 values are copied from similar band combination CA_n5-n77.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	NR-CA or ENDC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_18A_n77A
	18
	827.5
	5
	25
	872.5
	18.4
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	18
	817.5
	5
	25
	862.5
	11.7
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	CA_n18-n77
	n18
	827.5
	5
	25
	872.5
	18.4
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	n18
	817.5
	5
	25
	862.5
	11.7
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	NOTE X:	In Japan, n77 band is restricted to 3400 – 4100 MHz frequency range, and there are no valid MSD test points when using this restricted frequency range.



3 Conclusion
In this contribution, we discussed the operator specific frequency range restriction used for the MSD of CA_n18-n77 and DC_18_n77 PC2 and PC2 band combinations. Based on this we make a specific proposal on the related MSD test point but also derive a set of rules for valid frequency range restriction in MSD studies.
Proposal on rules for applying restricted frequency ranges:
· Operator specific frequency range restriction is not allowed for MSD studies:
· If the band combination contains a band that is solely deployed by one operator, then operator specific range can be considered on a case-by-case basis, only if the region or country restricted range is insufficient
· Region or country specific frequency ranges can be used for MSD studies, if the combination can be clearly identified to be valid in a single region or country:
· In cases where multiple regions or countries apply, using different MSD points for different restricted ranges may be considered on a case-by-case basis, only if the overall valid frequency range is insufficient
· Whenever an MSD is not applicable, when applying a valid frequency range restriction, valid test point(s) parameters for the bands are provided with the MSD value and a note clarifying that the MSD cannot be measured within a valid frequency restriction range attached to the IMD order. 

Proposal for CA_n18-n77 and DC_18_n77 PC3 MSD test points: The relevant parts of the table below are used for the specification in 38.101-1 and 38.101-3 MSD due to IMDs of 2UL band tables. The IMD4 values are copied from similar band combination CA_n5-n77 and IMD5 values from CA_n14-n77.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	NR-CA or ENDC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_18A_n77A
	18
	827.5
	5
	25
	872.5
	8.3
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	18
	817.5
	5
	25
	862.5
	5.5
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	CA_n18-n77
	n18
	827.5
	5
	25
	872.5
	8.3
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	n18
	817.5
	5
	25
	862.5
	5.5
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	NOTE X:	In Japan, n77 band is restricted to 3400 – 4100 MHz frequency range, and there are no valid MSD test points when using this restricted frequency range.



Proposal for CA_n18-n77 and DC_18_n77 PC2 MSD test points: The relevant parts of the table below are used for the specification in 38.101-1 and 38.101-3 MSD due to IMDs of 2UL band tables. The IMD4 and IMD5 values are copied from similar band combination CA_n5-n77.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	NR-CA or ENDC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_18A_n77A
	18
	827.5
	5
	25
	872.5
	18.4
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	18
	817.5
	5
	25
	862.5
	11.7
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	CA_n18-n77
	n18
	827.5
	5
	25
	872.5
	18.4
	IMD4 X

	
	n77
	3355
	10
	50
	3355
	N/A
	N/A

	
	n18
	817.5
	5
	25
	862.5
	11.7
	IMD5 X

	
	n77
	4130
	10
	50
	4130
	N/A
	N/A

	NOTE X:	In Japan, n77 band is restricted to 3400 – 4100 MHz frequency range, and there are no valid MSD test points when using this restricted frequency range.
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