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1. Introduction

In the last RAN4 #88 meeting, RAN4 discussed  A-MPR for intra-band contiguous EN-DC band combinations such as DC_(n)71B and DC for B41/n41 UE.
For LTE single CC or contiguous CA transmission with non-contiguous resource allocation, RAN4 specified MPR requirements to satisfy the PAPR and Cubic metric problem and SEM/ACLR.

When UE test the UE-to-UE coexistence RF requirements, the maximum output power of the UE was set to consider the MPR level according to RB allocation in each CC.
However, for the contiguous EN-DC UE, MPR was not specified until now. RAN4 only defined the A-MPR requirements for intra-band contiguous EN-DC UE. Hence it is some different test methodology between LTE CA UE and EN-DC UE.
In this paper, we provide our view how to set the test methodology for UE-to-UE coexistence requirements for intra-band contiguous EN-DC UE at FR1.
2. Detail UE-to-UE coexistence analysis for EN-DC_(n)41AA UE
In this session, we evaluate the UE coexistence impact to adjacent LTE/NR bands from EN-DC B41/n41 intra-band UE.
For intra-band EN-DC B41/n41 intra-band UE, expected the coexistence impact were summarized in Table 1.
Table 1: Summary of IMD analysis to these unwanted emission regions from EN-DC B41/n41 UE
	3GPP 38.101-3
	B41/n41 intra-band
contiguous EN-DC UE
	B41/n41 intra-band
non-contiguous EN-DC UE

	Additional spurious emissions (NS_04)
	-25dBm/MHz
	IM3 into the A-SEM range

	General Spurious emissions (NS_04)
*R4-1808123
	-25dBm/MHz
	IM5 into G-SE
	IM3 into G-SE

	A-SEM(NS_04)
*R4-1805732
	IM3 into A-SEM
(-13dBm/MHz spec limit)
	IM3 into A-SEM
(-25dBm/MHz spec limit)

	General SEM
	IM3 into G-SEM
(-13dBm/MHz spec limit)
	IM3 into G-SEM
(-25dBm/MHz spec limit)

	EN-DC ACLR
	IM3 into ACLREN_DC range

	EN-DC UE co-existence
	B40 Rx
	IM3 into B40 frequency

	
	B30 Rx
	IM5 into B30
	IM3 into B30

	
	B1/4/66 Rx
	IM7 into B1/4/66
	IM5 into B1/4/66


Generally, when EN-DC B41/n41 intra-band UE received NS _04, A-MPR applied to protect these A-SEM, A-SE and general SE. Hence those IMD problems are already considered to define A-MPR requirements. However, RAN4 did not any study to protect adjacent B40, B30 and B1/B4/B66 Receiving frequencies.
So, in sub-session, we analyze the IMD problem to protect adjacent Rx frequencies considering current Band 41 and n41 filter characteristics.

Table 2: Band 41/n41 filter characteristics from Filter Vendors
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In previous RAN4 meeting, we propose to consider min 5dB atten. level to protect Band 30/40 from aggressor Band 41. However, we reconsider to use the average attenuation levels from all candidate Band 41filters as shown in Table 2. Then the expected average attenuation level is 10dB from Band 41.
Observation1: Based on the Table2, RAN4 can consider the average attenuation levels is 10dB to protect B30/40 from aggressor Band 41.
2.1 MSD analysis for intra-band contiguous EN-DC B41/n41 UE
In Table 1, we described IMD problem to adjacent Rx bands by intra-band EN-DC B41/n41 UE. 

To evaluate the IMD problem into those adjacent Rx bands, we measured the required A-MPR level to protect those Rx bands with current UE-to-UE coexistence requirements with -50dBm/MHz
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Figure 1: IMD problems of intra-band contiguous of EN-DC B41/n41 UE
As shown in Figure 1, the one 3rd IMD product will be impact to B40 and 5th IMD product will be impact to both B30 and B40. For this EN-DC B41/n41 UE, the network signalling should be consider as baseline since general MPR is not defined for this EN-DC UE. So basic principle is that RAN4 shall consider NS_04 to verify the UE-to-UE coexistence requirements for EN-DC B41/n41 intra-band UE.
Proposal 1: For UE-to-UE coexistence requirements for intra-band EN-DC UE, RAN4 should consider relevant network signaling to protect adjacent UE within adjacent frequencies.
The expected A-MPR to protect B40 and Band 30 from those IMDs products with NS_04 are shown in Table 3. 
Table 3: The A-MPR analysis to protect adjacent bands for UE coexistence requirements (w/ -50dBm/MHz)
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The required A-MPR is 19dB level to protect Band 40 case in Table 3. Even though RAN4 consider NS_04 for intra-band contiguous EN-DC B41/n41 UE, it is not possible to protect adjacent B40 UE. 

So RAN4 need to relax the UE-to-UE protection level to protect Band 40 for intra-band contiguous B41/n41 EN-DC UE.
Currently, Band 40 will not be deployed in North America region. So, there is no coexistence problem between Band 41 and Band 40 in that region. However, Band 41 and Band 40 will be deployed in China in near future. Then, RAN4 should address whether or not to define general MPR requirements for common intra-band contiguous CA operations in NR band.

Based on the analysis Table3, the relaxation of UE coexistence level with -40dBm/MHz is reasonable level to protect LTE Band 40 with applying A-MPR.
From this analysis, we propose as below
Observation 2: In North America, there is no co-existence problems between Band 41/n41 and Band 40. However, RAN4 need further discussion how to specify the UE-coexistence requirements to protect Band 40 in China in rel-16.

Based on these analysis, we propose as below
Proposal 2: In rel-15, RAN4 does not need to protect Band 40 from Band 41 UE or EN-DC B41/n41 UE based on deployment plan and scenarios. Hence, RAN4 remove the B1, B40, and NR band n77, n78 and n79 for protection band lists in UE-to-UE coexistence requirements.
From the detail UE-to-UE coexistence evaluation, we propose to modify the UE-to-UE coexistence requirement as shown in Table 3 and add Note 4 and Note 7 in TS38.101-3 as below

Table 3: Requirements for intra-band contiguous EN-DC
	EN-DC Configuration
	Spurious emission 

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

	…
	
	
	
	
	

	DC_(n)71B
	E-UTRA Band 4, 5, 13, 14, 17, 24, 26, 30, 48, 66
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25, 41, 70
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 29
	FDL_lowFDL_low 
	--
	FDL_highFDL_high
	-38
	1
	3, 4

	
	E-UTRA Band 12, 71
	FDL_low 
	-
	FDL_high
	-50
	1
	3, 4

	DC_(n)41AA
	E-UTRA Band 2, 3, 5, 8, 10, 12, 13 , 14, 17, 24, 25, 26, 27, 28, 29, 34, 39, 42, 44, 45, 48, 50, 51, 70, 71, 73, 74
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 30, 66
	FDL_low
	-
	FDL_high
	-50
	1
	7

	
	E-UTRA Band 1, 40,

NR Band n77, n78 and n79
	FDL_low
	-
	FDL_high
	TBD
	1
	

	
	E-UTRA Band 9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	6

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	5, 6

	…
	
	
	
	
	
	
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA 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 (2MHz + N x LCRB x 180kHz), 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 3:
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 [4] from the edge of the channel bandwidth.
NOTE 4:   These requirements apply when NS_35 is signaled.
NOTE 5:
Applicable when co-existence with PHS system operating in 1884.5 - 1915.7 MHz.
NOTE 6:
This requirement applies when the NR carrier is confined within 2545-2575MHz or 2595-2645MHz and the channel bandwidth is 10 or 20 MHz
NOTE 7:   These requirements apply when NS_04 is signaled.


2.2 MSD analysis for intra-band non-contiguous EN-DC B41/n41 UE
To evaluate the IMD problem into those adjacent Rx bands in Table1, we measured the required A-MPR level to protect those Rx bands which were impacted by 3rd IMD and 5th IMD products considering the current UE-to-UE coexistence requirements with -50dBm/MHz for intra-band non-contiguous EN-DC B41/n41 UE.
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Figure 2: IMD problems of intra-band non-contiguous of EN-DC B41/n41 UE
As shown in Figure 2, the 3rd IMD product will be impact to B40 and B30 adjacent UE and 5th IMD product will be impact to B1/B4 and B66 LTE UE. In this analysis, we also consider NS_04 to verify the UE-to-UE coexistence requirements for EN-DC B41/n41 intra-band UE.

The expected A-MPR to protect B40 and Band 30 from 3rd IMD products with NS_04 are shown in Table 4. 

Table 4: The A-MPR analysis to protect adjacent bands for UE coexistence requirements (w/ -50dBm/MHz) at intra-band non-contiguous EN-DC B41/n41 UE
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The required A-MPR is almost same level (19dB) as contiguous EN-DC UE to protect Band 40 and Band 30 as worst case in Table 4. Even though RAN4 consider NS_04 for intra-band non-contiguous EN-DC B41/n41 UE, it is not possible to protect adjacent B40 UE with -50dBm/MHz.

Therefore, RAN4 should need to relax the UE-coexistence requirement level to protect Band 40 and Band 30 by 3rd order IMD product considering the average attenuation level from the current Band 41 filter performances.  

In our analysis Table4, the relaxation of UE coexistence level with -40dBm/MHz can be used to protect LTE Band 30. 

Based on this analysis, we propose as below

Proposal 3: RAN4 should relax the UE-coexistence requirement level with -40dBm/MHz to protect Band 30 for intra-band non-contiguous EN-DC B41/n41 UE as shown in Table 5.
From the detail UE-to-UE coexistence evaluation, we propose to change the UE-to-UE coexistence requirement level with -40dBm/MHz to protect Band 30 and add Note 3 in TS38.101-3 as below

Table 5: Requirements for intra-band non-contiguous EN-DC
	EN-DC Configuration
	Spurious emission 

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

	…
	
	
	
	
	

	DC_41A_n41A
	E-UTRA Band 2, 3, 5, 8, 10, 12, 13 , 14, 17, 24, 25, 26, 27, 28, 29, 34, 39, 42, 44, 45, 48, 50, 51, 70, 71, 73, 74
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 66
	FDL_low
	-
	FDL_high
	-50
	1
	3

	
	E-UTRA Band 9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	5

	
	E-UTRA Band 30
	FDL_low
	-
	FDL_high
	-40
	1
	3

	
	E-UTRA Band 1, 40,

NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	TBD
	1
	

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	4, 5

	…
	
	
	
	
	
	
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA 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 (2MHz + N x LCRB x 180kHz), 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 3:   These requirements apply when NS_04 is signaled.
NOTE 4:
Applicable when co-existence with PHS system operating in 1884.5 - 1915.7 MHz.
NOTE 5:
This requirement applies when the NR carrier is confined within 2545-2575MHz or 2595-2645MHz and the channel bandwidth is 10 or 20 MHz


3. Conclusions


In this contribution, we provide revised evaluation results for UE-to-UE coexistence requirements considering A-MPR level by network signalling and current Band 41 Tx filter characteristics for intra-band EN-DC B41/n41 UE.  Also we provide relevant draft CR to apply for these proposals in TS38.101-3.
From the above evaluation results, we propose 2 observation and 3 proposals as below
Observation1: Based on the Table2, RAN4 can consider the average attenuation levels is 10dB to protect B30/40 from aggressor Band 41.
Observation 2: In North America, there is no co-existence problems between Band 41/n41 and Band 40. However, RAN4 need further discussion how to specify the UE-coexistence requirements to protect Band 40 in China in rel-16.

Proposal 1: For UE-to-UE coexistence requirements for intra-band EN-DC UE, RAN4 should consider relevant network signaling to protect adjacent UE within adjacent frequencies.
Proposal 2: In rel-15, RAN4 does not need to protect Band 40 from Band 41 UE or EN-DC B41/n41 UE based on deployment plan and scenarios. Hence, RAN4 remove the B1, B40, and NR band n77, n78 and n79 for protection band lists in UE-to-UE coexistence requirements.
Proposal 3: RAN4 should relax the UE-coexistence requirement level with -40dBm/MHz to protect Band 30 for intra-band non-contiguous EN-DC B41/n41 UE as shown in Table 5.
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