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1  Introduction 
During the last two RAN4 meetings the applicability of NS requirements on CA/DC combinations were discussed. The current state of the discussion is captured in the WF [1]. We identified several critical CA/DC combinations and NS flags. In the following we will discuss the issues in detail and suggest potential solutions.
2  Discussion
It was agreed in RAN4#98e that the requirements of NS flags have to be met regardless of the UE having additional uplinks configured in other bands or not. As this agreement can lead to situations where the second uplink does not have enough MPR or A-MPR to comply with emission requirements it was also agreed to specify certain allowances for troubling combinations.
The WF [1] asks interested companies to identify risky scenarios where additional requirements will be violated due to insufficient MPR or A-MPR allowances. We were able to identify several cases of IMDs falling into protected regions from NS flags. As it is generally believed that the -50dBm/MHz limit is not violated by IMDs, we neglected those cases for this contribution. However, we consider them for further investigations. Harmonics are a different case. Hence, a list of overlapping harmonics and NS requirements is provided. In the following several CA/DC combinations are discussed where direct violations of NS requirements are present. Please note that for the following analysis it is not important whether the combination is 1UL/2DL or 2UL/2DL. If a NS requirement is signalled then the total emission output has to comply to the requirements, even if the NS is part of a band which is only used for DL in this configuration.
2.1 DC_20-n8 (also CA_n8-n20 and CA_8_20)
The situation for DC_20-n8 combination is depicted in figure 1. If band n8 has NS_43 signalled, then it has to protect the frequency region 860MHz to 890MHz with -40dBm/MHz.
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Figure 1: NS_43 requirements of band n8 overlap with b20 Tx
In order to protect this region, Band n8 is provided with special A-MPR allowances. The upper edge of b20 Tx is 862MHz which results into a 2MHz overlap of b20 Tx and protected region. As NS_43 shall be applicable to b20 as well, there is a strong need for either creating special A-MPR allowance for b20 or to restrict uplink allocations if transmission at the upper edge of b20 Tx is configured. Similar situation is found for CA_n8-n20 and CA_8_20. 
Proposal 1: Consider UL RB restrictions and A-MPR for b20 if NS_43 is signalled for DC_20-n8, CA_n8-n20 and CA_8_20.
2.2 CA_26-46 (LTE)
The combination CA_26-46 has two NS requirements belonging to band b46 which are overlapping with b26. The situation is depicted in figure 2.
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Figure 2: NS_28 and NS_31 overlap with n26 Tx
The NS_28 protects the frequency region 470MHz to 862MHz with -54dBm/100kHz while NS_31 protects the entire range from DC to 5GHz with -27dBm/MHz. Both NS requirements include that those limits apply for the frequency ranges that are less then FOOB from the edge of the channel bandwidth. Furthermore, harmonics created by dual uplink can fall into the protected frequency region. An exception for the uplink in b26 is required and some A-MPR to comply with the emission limits for both NS flags.
Proposal 2: Consider the introduction of A-MPR for b20 if NS_28 or NS_31 is signalled for CA_26-36.
2.3 CA_n28-n71
The flags NS_17 and NS_18 belong to band n28 and overlap with band n71. The CA combinations was recently introduced in RAN4#98-bis. The situation is depicted in figure 3.
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Figure 3: NS_17 and NS_18 overlap with n71
The NS_17 ranges from 470MHz to 710MHz and limits the emissions to -26.2dBm/6MHz. The NS_18 uses the same emission limit and covers the frequency range 692MHz to 698MHz. If NS_18 is signalled and transmission shall take place in band n71 then UL RB restrictions and A-MPR is required to fulfil emission limits. In case of NS_17 no transmission can originate from band n71.
Proposal 3: Consider the introduction of UL RB restrictions or the definition of A-MPR for n71 if NS_18 is signalled for CA_n28-n71. In case of NS_17 no transmission in n71 can take place.
2.4 CA_n3_n39
The flags NS_50 belongs to band n3 and is directly adjacent to TDD band n39. The CA combinations was recently introduced in RAN4#98-bis. The situation is depicted in figure 4.
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Figure 4: NS_50 is directly adjacent to TDD band n39
The NS_50 protects the frequency range 1805MHz to 1855MHz with -40dBm/MHz and the range 1855MHz to 1880MHz with -15.5dBm/5MHz. The NS flag includes that those limits apply for the frequency ranges that are less then FOOB from the edge of the channel bandwidth. In case of transmission occurring in n39 it is required to define restricting for the UL RBs or to define A-MPR in order to comply with the emission limits.
Proposal 4: Consider the introduction of UL RB restrictions or the definition of A-MPR for n39 if NS_50 is signalled for CA_n3-n39.
2.3 Combinations with NS_04, NS_27 and NS_43(LTE) 
There are several combinations for which NS_04, NS_27 and NS_43(LTE) can be signalled. All three flags have in common that they protect a wide range of frequencies affecting the second UL. They also share the same requirement that the limits apply for the frequency ranges that are less then FOOB from the edge of the channel bandwidth. Therefore, the second UL requires an exception and/or A-MPR to comply with the emission limits. Without providing a full list we want to name a few representative candidates for the individual NS flags. Cases for NS_04 are CA_n1-n41, CA_n8-n41, DC_18-n41 and DC_40-n41. For NS_27 representative candidates are CA_n2-n48, CA_n48-n66 and DC_5-n48. For NS_43 from LTE there is CA_2-49.
Proposal 5: Consider the introduction of A-MPR for the second UL covering all CA/DC combinations if NS_04 or NS_27 or NS_43(LTE) are signalled. 
2.4 DC combinations with NS_22(LTE) and NS_23(LTE)
There are two DC combinations (DC_42-n77 and DC_42-n78) where NS_22 and NS_23 from LTE overlap with the second UL. The situation is depicted in figure 5 for DC_42-n77.
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Figure 5: NS requirements inside n77

Both NS flags cover the region from 3400MHz to 3800MHz and can protect this frequency range with -23dBm/5MHz and -40dBm/MHz. The NS flags include that those limits apply for the frequency ranges that are less then FOOB from the edge of the channel bandwidth.
Proposal 6: Consider the introduction of A-MPR and UL restrictions for n77 and n78 combinations if NS_22(LTE) or NS_23(LTE) is signalled for DC_42-n77 and DC_42-n78.
2.5 Harmonic issues
In this section we want to discuss harmonics falling into protected regions of certain NS flags. Harmonics have a strong emission impact on protected regions and therefore require harmonic exceptions in all coexistence scenarios. An exhaustive search was conducted to find all CA and DC combinations from NR and LTE where harmonics are falling into protected regions of NS flags. A list is provided in table 1. 
Table 1: CA/DC combinations with harmonics falling into protected regions of certain NS flags. 
Victim flags and frequency location of protected regions are provided.
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	CA_n8-n39 & DC_8-n39

NS_50: 1805MHz to 1855MHz with -40dBm/MHz
	DC_20-n7 

NS_46: 
2570MHz to 2575 with +1.6dBm/5MHz
2575MHz to 2595MHz with 
-15.5dBm/5MHz
	DC_71-n38 

NS_44: 2645MHz to 2690MHz with 
-40dBm/MHz

	CA_26-46

NS_28: 1000MHz to 5470MHz with -30dBm/MHz
NS_31: DC to 5GHz with 
-27dBm/MHz

	CA_n28-n50 

NS_41: 1400MHz to 1427MHz with -32dBm/27MHz
	DC_20-n41 

NS_47: 
2530MHz to 2535MHz with 
-25dBm/MHz
2505MHz to 2530MHz with 
-30dBm/MHz
	CA_26-46 

NS_28: 1000MHz to 5470MHz with 
-30dBm/MHz
NS_31: DC to 5GHz with 
-27dBm/MHz
	CA_28-42 

NS_22/NS_23: 3400MHz to 3800MHz with -23dBm/5MHz and -40dBm/MHz

	DC_28-n51 

NS_40: 1400MHz to 1427MHz with -32dBm/27MHz
	DC_26-n41 

NS_47:
2530MHz to 2535MHz with 
-25dBm/MHz
2505MHz to 2530MHz with 
-30dBm/MHz
	
	

	DC_42-n3 & CA_3-42 

NS_22/NS_23: 3400MHz to 3800MHz with -40dBm/MHz
	CA_14-30 & DC_14-n30

NS_21: 2332MHz to 2395MHz with -40dBm/MHz
	
	

	CA_21-28 

NS_09: 1475.9MHz to 1510.9MHz with -35dBm/MHz
	CA_26-46

NS_28: 1000MHz to 5470MHz with -30dBm/MHz
NS_31: DC to 5GHz with 
-27dBm/MHz
	
	

	CA_26-46 

NS_28: 1000MHz to 5470MHz with -30dBm/MHz
NS_31: DC to 5GHz with 
-27dBm/MHz
	
	
	

	CA_n28-n74

NS_37: 1475.9MHz to 1510.9MHz with -35dBm/MHz
NS_38: 1400MHz to 1427MHz with -32dBm/27MHz
NS_39: 1475MHz to 1488MHz with -28dBm/MHz
	
	
	

	CA_3-42

NS_22/NS_23: 3400MHz to 3800MHz with -23dBm/5MHz and -40dBm/MHz
	
	
	



Please note that this might not be a complete list and cases may have been overlooked. Not all cases are troubling as some requirements have limits of -30dBm/MHz or higher. All combinations with NS_04, NS_27 and NS_43(LTE) are neglected as those should be treated together with the issues discussed in section 2.3. 
Proposal 7: Discuss the harmonic issues for all CA/DC combinations (provided in table 1) case by case and consider the introduction of A-MPR or exceptions for the second UL.
2.5 Further considerations
This contribution provides our findings on several CA and DC combinations where NS requirements might not be fulfilled by the second UL. Additional to those cases there exist combinations where NS requirements overlap with IMDs. Those cases have been excluded for this paper and are subject to further investigations.
In general, it is required that issue with NS flags from the second UL have to be checked with the introduction of new CA/DC combinations. Typical cases are NS requirements overlapping with the second UL and also Harmonics/IMDs falling into protected frequency regions. There might be other problems as well.  As a potential solution TPs should at least state whether NS requirements might create troubling situations for the UL. Those cases have to be evaluated in more detail before the combination is finally introduced.  
Proposal 8: Continue to discuss individual solutions for troubling CA/DC combinations. 
Proposal 9: It should be required that with each new CA/DC combination NS requirements are checked for potential issues.
Conclusions
This paper presented several CA and DC combinations where NS requirements cannot be fulfilled by the second UL. Individual solutions for those cases are required. There are several cases where NS requirements overlap with IMDs and harmonics. Those cases have been excluded for this paper.
Proposal 1: Consider UL RB restrictions and A-MPR for b20 if NS_43 is signalled for DC_20-n8, CA_n8-n20 and CA_8_20.
Proposal 2: Consider the introduction of A-MPR for b20 if NS_28 or NS_31 is signalled for CA_26-36.
Proposal 3: Consider the introduction of UL RB restrictions or the definition of A-MPR for n71 if NS_18 is signalled for CA_n28-n71. In case of NS_17 no transmission in n71 can take place.
Proposal 4: Consider the introduction of UL RB restrictions or the definition of A-MPR for n39 if NS_50 is signalled for CA_n3-n39.
Proposal 5: Consider the introduction of A-MPR for the second UL covering all CA/DC combinations if NS_04 or NS_27 or NS_43(LTE) are signalled. 
Proposal 6: Consider the introduction of A-MPR and UL restrictions for n77 and n78 combinations if NS_22(LTE) or NS_23(LTE) is signalled for DC_42-n77 and DC_42-n78.
Proposal 7: Discuss the harmonic issues for all CA/DC combinations (provided in table 1) case by case and consider the introduction of A-MPR or exceptions for the second UL.
Proposal 8: Continue to discuss individual solutions for troubling CA/DC combinations. 
Proposal 9: It should be required that with each new CA/DC combination NS requirements are checked for potential issues.
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