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1  Introduction 
UE coexistence requirements are an important aspect for multi-user communication and to guarantee compliance with regulatory requirements. This paper discusses the need of certain protections, certain harmonic exceptions needed for emission compliance and Rx protection of band b28/n28.
2  Discussion
2.1 Bands and Regions 
The requirements for spurious UE coexistence were defined to guarantee a certain level of interoperability for hundreds and thousands of devices transmitting and receiving in a local area. UEs supporting a certain band need to guarantee that their emission levels outside the active Tx band is below certain levels. Those frequency regions and emission levels are typically either dictated by regulatory requirements or other bands operating in the same region. Over the years the UE coexistence tables were updated when new bands were introduced, or regulatory requirements changed. Going through the tables for single bands and for CA it seems that there are several protections defined which are not necessarily required e.g. because a protected band does not exist in the same region as the aggressor band. Defining too many protected frequency ranges and bands has two downsides. One is that testing devices for compliance consumes more time as necessary since all specified frequency ranges need to be accurately measured and analyzed. The other one is that a UE could fail to a requirement which is not required. Therefore, we went through the coexistence tables and evaluated whether a protected band might be required or not.
In the following single band protections specified in Table 6.5.3.2-1 of TS 38.101-1 and Table 6.6.3.2-1 of TS 36.101 are discussed. We would like to ask operators for confirmation on the list below to decide whether those protections are required or could be removed.
· n5: The band seems to be mainly used in North America but features bands 11 and 21 in its protection list. Both bands are Japan PDC bands and not used in North America region. We would propose to remove bands 11 and 21 from the list.
· b11, b21, b18 and n18: The bands b11 and b21 are Japan PDC bands. And the band 18 is also used in Japan. All those bands list band 34 as protected band. However, it does not seem to be auctioned or used in Japan. We would propose to remove band 34 from the list.
· b34 and n34: According to the reasoning for b11, b21, b18 and n18 those bands do not need to be in the UE coexistence list for band 34.
· b45: This band does not seem to be deployed in any region and is also not specified in NR. We would like to ask operators if they could provide a clarification whether this band still needs to be protected today or if it could be dropped.
Observation 1: The requirements for spurious UE coexistence were defined to guarantee a certain level of interoperability for multi-user access in a local area. There exist several protected bands in UE coexistence list which are either not deployed in the same region or are not anymore in use. It should be analyzed whether those are still needed since defining too many protected bands has its downsides. One is that testing devices for compliance consumes more time as necessary since all specified frequency ranges need to be accurately measured and analyzed. The other one is that a UE could fail to a requirement which is not required.
Proposal 1: It is proposed to discuss whether the listed bands could be removed from UE coexistence list and feedback from operators is highly appreciated.
2.2 Missing Harmonic exceptions
The spurious emission tables for UE coexistence feature a note to allow relaxed emission requirements in case an harmonic falls into a protected band. The relaxation is universally defined by Note 2 in all UE coexistence tables from TS 36.101, TS 38.101-1 and TS 38.101-3. The note defines an exception interval for which the emission requirements are relaxed. The note is provided below (excerpt from TS 38.101-1 Table 6.5.3.2-1):
	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.


There exist many cases in which a harmonic can fall very close to a protected band so that the 1MHz extension of the exception interval (as defined in Note 2) overlaps with the protected band. Those cases are currently handled inconsistently as Note 2 is not always specified. For example, Note 2 is provided for the case where the second harmonic of n7 affects the protected band n79 and in case of second harmonic of n85 affecting the protected band 50. On the other side it is missing for second harmonic of band n2 affecting the protected band 48. 
Another aspect is to harmonize LTE and NR specs. Certain harmonic exceptions are either only defined in LTE or in NR spec. For example, in TS 36.101 the E-UTRA Band 12 protects band 50 with -50dBm/MHz but allows relaxation for harmonics. This is required as the second harmonic affect the protected band. However, the harmonic relaxation is missing for n12 in TS 38.101-1. 
Observation 2: The spurious emission tables for UE coexistence feature a note to allow relaxed emission requirements in case an harmonic falls into a protected band. There exist several cases where the 1MHz extension of the harmonic exception interval overlaps with the protected band. In those cases, harmonic exception is allowed. However, the handling is inconsistent as sometimes harmonic exception is defined and sometimes it is missing. Furthermore, there are misalignments between LTE and NR UE coexistence tables.
Proposal 2: We propose to remove inconsistencies with harmonic exception and harmonize LTE and NR specs. We have drafted several CRs correcting errors and oversights for TS 36.101 [1] [2] [3], TS 38.101-1 [4] [5] [6] and TS 38.101-3 [7] [8] [9].
2.3 Band b28/n28 Rx protection with CA/DC
Single band b28/n28 protects its own Rx with two distinct frequency ranges. The first one ranges from 758MHz to 773MHz and defines a maximum emission level of -32dBm MHz. The second frequency range starts at 773MHz and reaches up to 803MHz. The maximum allowed emission level is -50dBm/MHz. Due to this definition the band 28 is not required to protect its own Rx with -50dBm/MHz over the full range. 
This specification is followed for almost all CA/DC combinations e.g. CA_n1-n28, CA_n28-n34, CA_n28-n41, DC_28_n2, DC_28_n3, DC_28_n5 and many more. However, in case of LTE CA_28-40 and NR CA_n20-n28, CA_n28-n40 and DC_28_n5 the protection for band 28 Rx is defined as -50dBm/MHz over the full Rx frequency range. This provides issues for UE compliance as the UE is only expected to meet the -50dBm/MHz in the upper Rx range. A UE meeting the emission limits of single band n28 could therefore fail CA/DC requirements. As other CA/DC combinations with band n28 do follow the single band protection requirement it seems to be an oversight which is corrected with the CRs TS 36.101 [2] [3], TS 38.101-1 [5] [6] and TS 38.101-3 [8] [9]. Details can be found in ‘Reasons for change’ and ‘Summary of Changes’.
Observation 3: The protection for band 28 Rx is special as the maximum emission limit for lower part of the Rx set to -32dBm/MHz. Almost all CA/DC combinations re-use this limit e.g. CA_n1-n28, CA_n28-n34, CA_n28-n41, DC_28_n2, DC_28_n3, DC_28_n5 and many more. However, in case of LTE CA_28-40 and NR CA_n20-n28, CA_n28-n40 and DC_28_n5 the protection for band 28 Rx is defined as -50dBm/MHz over the full Rx frequency range. This provides issues for UE compliance as the UE is only expected to meet the -50dBm/MHz in the upper Rx range. A UE meeting the emission limits of single band n28 could therefore fail CA/DC requirements. As other CA/DC combinations with band n28 do follow the single band protection requirement it seems to be an oversight.
Proposal 3: Correct the UE coexistence requirements by strictly following the UE coexistence requirements as defined for single band b28/n28. 

3  Conclusions
UE coexistence requirements are an important aspect for multi-user communication and to guarantee compliance with regulatory requirements. This paper discusses the need of certain protections, certain harmonic exceptions needed for emission compliance and Rx protection of band b28/n28.
In the following single band protections specified in Table 6.5.3.2-1 of TS 38.101-1 and Table 6.6.3.2-1 of TS 36.101 are discussed. We would like to ask operators for confirmation on the list below to decide whether those protections are required or could be removed.
· n5: The band seems to be mainly used in North America but features bands 11 and 21 in its protection list. Both bands are Japan PDC bands and not used in North America region. We would propose to remove bands 11 and 21 from the list.
· b11, b21, b18 and n18: The bands b11 and b21 are Japan PDC bands. And the band 18 is also used in Japan. All those bands list band 34 as protected band. However, it does not seem to be auctioned or used in Japan. We would propose to remove band 34 from the list.
· b34 and n34: According to the reasoning for b11, b21, b18 and n18 those bands do not need to be in the UE coexistence list for band 34.
· b45: This band does not seem to be deployed in any region and is also not specified in NR. We would like to ask operators if they could provide a clarification whether this band still needs to be protected today or if it could be dropped.
Observation 1: The requirements for spurious UE coexistence were defined to guarantee a certain level of interoperability for multi-user access in a local area. There exist several protected bands in UE coexistence list which are either not deployed in the same region or are not anymore in use. It should be analyzed whether those are still needed since defining too many protected bands has its downsides. One is that testing devices for compliance consumes more time as necessary since all specified frequency ranges need to be accurately measured and analyzed. The other one is that a UE could fail to a requirement which is not required.
Proposal 1: It is proposed to discuss whether the listed bands could be removed from UE coexistence list and feedback from operators is highly appreciated.
Observation 2: The spurious emission tables for UE coexistence feature a note to allow relaxed emission requirements in case an harmonic falls into a protected band. There exist several cases where the 1MHz extension of the harmonic exception interval overlaps with the protected band. In those cases, harmonic exception is allowed. However, the handling is inconsistent as sometimes harmonic exception is defined and sometimes it is missing. Furthermore, there are misalignments between LTE and NR UE coexistence tables.
Proposal 2: We propose to remove inconsistencies with harmonic exception and harmonize LTE and NR specs. We have drafted several CRs correcting errors and oversights for TS 36.101 [1] [2] [3], TS 38.101-1 [4] [5] [6] and TS 38.101-3 [7] [8] [9].
Observation 3: The protection for band 28 Rx is special as the maximum emission limit for lower part of the Rx set to -32dBm/MHz. Almost all CA/DC combinations re-use this limit e.g. CA_n1-n28, CA_n28-n34, CA_n28-n41, DC_28_n2, DC_28_n3, DC_28_n5 and many more. However, in case of LTE CA_28-40 and NR CA_n20-n28, CA_n28-n40 and DC_28_n5 the protection for band 28 Rx is defined as -50dBm/MHz over the full Rx frequency range. This provides issues for UE compliance as the UE is only expected to meet the -50dBm/MHz in the upper Rx range. A UE meeting the emission limits of single band n28 could therefore fail CA/DC requirements. As other CA/DC combinations with band n28 do follow the single band protection requirement it seems to be an oversight.
Proposal 3: Correct the UE coexistence requirements by strictly following the UE coexistence requirements as defined for single band b28/n28. 
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