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1	Background 

In RAN4#104-bis meeting under [1] [104-bis-e][126] FS_SimBC a email discussion a WF[1] was approved for simplification of FR1 2UL inter-band CA coexistence requirements. WF is captured below.     

Companies are encouraged to

· Investigate whether the non-3GPP RATs protection can follow the intersection set rule or should be considered as exceptions for FR1 2UL inter-band CA coexistence requirements. 

· Identify the cases where the protected bands do not follow the intersection set rule for FR1 2UL inter-band CA coexistence requirements in the current specifications and determine whether they are exceptions or errors.

· [bookmark: _Hlk117850710]Consider the following specifications structure simplification options based on the above investigations for FR1 2UL inter-band CA coexistence requirements:

· Option 1: If no exceptions identified, replace the current coexistence requirements table with a normative text “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” The wordings of the text can be further discussed.

· Option 2: If exceptions are identified, replace the current coexistence requirements table with a normative text and an exceptions table “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1 with the following exceptions:”

	NR CA Combination
	Protected Band
	Frequency Range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Protected
	NOTE

	CA_nA-nB
	E-UTRA Band X
	FDL_low
	-
	FDL_high
	-50
	1
	Yes
	

	
	NR Band nY
	FDL_low
	-
	FDL_high
	-50
	1
	No
	

	CA_nC-nD
	
	aaa
	
	bbb
	c
	d
	Yes
	



2	Discussion
First, we want to point out that the scope of this work should include all specifications that have some form of 2UL-band CA/DC in FR1 frequency range. These are specifications with LTE CA, FR1 CA/DC, FR1 EN-DC/NE-DC i.e. 36.101, 38.101-1, 38.101-3 and possibly 38.101-5 and 36.101-2 in future.
Proposal:	The scope of these simplifications should include all specifications that have 2-band  uplink CA/DC coexistence requirements.
When a new band is introduced that will create a need for many CRs due to UEtoUE co-existence requirement. As an example, when specifying new NR band in addition to 38.101-1 CR which also has NR CA/DC co-ex tables there is a need for CRs for 36.101, 38.101-3 and 38.101-5 to introduce UEtoUE co-ex requirements.
In next paragraphs we examine the WF[2] topics  and do that by studying LTE UEtoUE 2UL interband CA UE co-ex requirements. First, we take a look PHS protections.
2.1	LTE PHS Case
Since the current way in NR of capturing the coexistence requirements for 2-band CA/DC (i.e protected bands) is inherited from the LTE specification we study if intersection proposal [2] would work for PHS protection in LTE UL interband CA feature. The assumption is that if it can be applied here it also would apply for NR.
In TS 36.101 following bands have PHS requirement specified in Table 6.6.3.2-1: 3, 5, 6, 8, 11, 18, 19, 21, 26, 28, 34, 40, 41, 42, 74. Band 1 is protected with NS_05.
In table 1, we present results of a study where we went through all LTE 2UL CA configurations and check if intersection rule works or not. There are four cases where we suspect that PHS protection is possibly added incorrectly and should be removed. 
Observation 1:	There are four cases where PHS protection seems added incorrectly and should be removed.
One case CA_3-5 is such that PHS protection may be forgotten, at least PHS protection is specified for both bands. 
Observation 2:	There are one cases where PHS protection seems to be forgotten and should be added.
In summary 22 cases are such that intersection rule would work for PHS and 2UL CA table would not be needed due to PHS.
Table 1_LTE 2UL CA and PHS
	CA_1-40
	Intersection rule do not work as B1 do not have PHS requirement in  in co-ex table (NS_05)
	Is this an error, should PHS protection be removed

	CA_7-26
	Intersection rule do not work as B7 do not have PHS requirement in  in co-ex table
	Is this an error, should PHS protection be removed

	CA_26-46
	Intersection rule do not work as B46 do not have PHS requirement in  in co-ex table
	Is this an error, should PHS protection be removed

	CA_26-48
	Intersection rule do not work as B48 do not have PHS requirement in  in co-ex table
	Is this an error, should PHS protection be removed

	CA_3-5
	Both bands do have PHS requriement but when UL CA is specified PHS requirement is missing
	Is PHS protection forgotten

	CA_3-8
	Intersection rule works as both bands have PHS requirement specified
	OK

	CA_3-11
	
	OK

	CA_3-18
	
	OK

	CA_3-19
	
	OK

	CA_3-21
	
	OK

	CA_3-26
	
	OK

	CA_3-28
	
	OK

	CA_3-40
	
	OK

	CA_3-41
	
	OK

	CA_3-42
	
	OK

	CA_5-40
	
	OK

	CA_8-28
	
	OK

	CA_8-41
	
	OK

	CA_11-18
	
	OK

	CA_19-21
	
	OK

	CA_19-42
	
	OK

	CA_21-28
	
	OK

	CA_28-40
	
	OK

	CA_28-41
	
	OK

	CA_28-42
	
	OK

	CA_40-42
	
	OK

	CA_41-42
	
	OK



Observation 3:	The intersection rule works for PHS in TS 36.101 and 2UL CA table with protected bands would not be needed.
2.2	Band 39 protection from Band 1
Another case to investigate is the needed protection of/from bands which are adjacent to another. Again, we use LTE for the investigation with the same reasoning that if the rule can be applied here it also could for NR, Band 39 is immediately adjacent to band 1 uplink therefore emissions requirements for band 1 are relaxed compared to normal limit of -50 dBm/1MHz and there are some restrictions to band 1 UL allocation in notes.
Table 2: LTE band 1 UEtoUE co-ex spurious emission requirements
	1
	E-UTRA Band 1, 3, 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, 87, 88
NR Band n78, n79
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 34
	FDL_low 
	-
	FDL_high
	-50
	1
	15

	
	NR Band n77
	FDL_low 
	-
	FDL_high
	-50
	1
	2

	
	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, 44

	NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-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 any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink
NOTE 44:	For category NB1 and NB2 UE when carrier centre frequency is 1920.1 MHz, in case of single-tone uplink transmission the requirement is applicable only for sub-carrier index > 2.




Intersection rule would not work for band 39 protection in UL interband CA case as above emission requirement is unique to band 1 and intersection rule requires that both bands in UL CA configuration share the same requirement. This unique requirement may need to be listed in the table or otherwise to be specified for UL interband CA.
Observation 4:	The intersection rule does not work for immediately adjacent band protection. Hence, these requirements need to be listed otherwise.

We studied 36.101 Table 6.6.3.2A-0: Requirements for uplink inter-band carrier aggregation (two bands) and found out that 65 UL CA configurations have special emission requirements that are defined in terms of frequency range, similarly as band 39 protection in Table 2 above. 
Observation 5:	In TS 36.101 there are 65 UL CA configurations which need special emission requirements.
We also found that there were only 11 CA configurations which did not have special emission requirements that are defined in terms of frequency range but just list of band numbers that need protection.
Observation 6:	In TS 36.101 there are 11 UL CA configurations which does not need special emission requirements.
These 11 configurations with no need for special emission requirements would not need to be listed in the specification if the intersection rule is applied as proposed in the WF [2] option 2.
3	Conclusion
In this contribution we have studied LTE specification in respect to two proposals in [2]
As a conclusion we think that option 2 from WF [2] is most propriate for LTE as most of the  LTE CA configurations does have exceptional emission requirements that are not defined for both bands part of UL CA configuration. It seems that PHS requirement maybe an exception if the five cases in table 1 identified as an error or oversight and intersection rule could be enough. We suspect that similarly for 38.101-1, 38.101-2 and 38.101-3 option 2 would be a good way forward but we have not yet done detailed study.
· Option 2: If exceptions are identified, replace the current coexistence requirements table with a normative text and an exceptions table “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1 with the following exceptions:”
We made the following observations:
Proposal:	The scope of these simplifications should include all specifications that have 2-band uplink CA/DC coexistence requirements.
Observation 1:	There are four cases where PHS protection seems added incorrectly and should be removed.
Observation 2:	There are one cases where PHS protection seems to be forgotten and should be added.
Observation 3:	The intersection rule works for PHS in TS 36.101 and 2UL CA table with protected bands would not be needed.
Observation 4:	The intersection rule does not work for immediately adjacent band protection. Hence, these requirements need to be listed otherwise.
Observation 5:	In TS 36.101 there are 65 UL CA configurations which need special emission requirements.
Observation 6:	In TS 36.101 there are 11 UL CA configurations which does not need special emission requirements.
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