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Introduction
In RAN4#104e, several contributions addressed the band n105 UE requirements [2-6] and notably the REFSENS and blocking receiver specifications. Several agreements and options were captured in the way forward [1] on REFSENS and a specific blocking requirement to account for DTT interference. In this contribution, we further elaborate on REFSENS and blocking by studying DTT blocker aspect in Asia and the U.S., correcting UL interference for lower overlap than n71 and addressing options to enable n105 and n71 co-banding.
Discussion
Deriving REFSENS degradation due to UL noise for n105
In [1], with the following part of the REFSENS way forward, larger channel bandwidths REFSENS needs to be re-assessed for n105 versus band n71 as the 5MHz increased duplex distance reduces the UL IMD overlap with the Dl channels.
“Way forward
· Improvement of REFSENS for channels >15MHz versus n71 is studied for next meeting”

In the same way forward [1], a table was provided as background information on how the IMD products from the UL RB configuration and its image overlap with DL channels differently for n71 and n105 for the different channel bandwidths. 
While the more important cases for bandwidths above 15MHz had the NRB parameters properly set, unfortunately due to the time pressure of the meeting, the lower channel frequencies NRB was incorrectly captured in the table leading to errors in the IMD position. The only noticeable difference is that the 15MHz channel bandwidth is subject from partial overlap with IMD7 for both n71 and n105. The overlap is such that the main lobe around the IMD center is outside the DL channel thus limited interference is expected. Nevertheless, that small IMD 7 overlap explains why the n71 15MHz REFSENS is 0.6dB higher than the scaled ideal REFSENS as shown in Table 2 later in this paragraph or was already shown in [6].
Table 1: worst case IMD overlap for n71 and n105
	DL Channel configuration
	CBW
	MHz
	5
	10
	15
	20
	25
	30
	35

	
	NRB
	#
	25
	52
	79
	106
	133
	160
	188

	
	GB 
	MHz
	0.2425
	0.3125
	0.3825
	0.4525
	0.5225
	0.5925
	0.5725

	n71/n105 DL channel
	Flow
	MHz
	647.2
	642.3
	637.4
	632.5
	627.5
	622.6
	617.6

	
	Fhigh
	MHz
	651.7
	651.7
	651.6
	651.5
	651.5
	651.4
	651.4

	UL channel configuration
	ULBW
	MHz
	15.0
	15.0
	15.0
	20.0
	20.0
	20.0
	20.0

	
	ULRB
	#
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	n71UL TXBW
	Flow
	MHz
	693.2
	688.3
	683.4
	678.5
	676.0
	673.5
	671.0

	
	Fhigh
	MHz
	696.8
	691.9
	687.0
	682.1
	679.6
	677.1
	674.6

	n71 UL image
	Flow
	MHz
	694.2
	694.1
	694.0
	693.9
	691.4
	688.9
	686.4

	
	Fhigh
	MHz
	697.8
	697.7
	697.6
	697.5
	695.0
	692.5
	690.0

	lowest IMD order
	23
	11
	7
	5
	5
	5
	5

	n71 IMD
	Flow
	MHz
	643.6
	641.4
	640.7
	640.3
	637.8
	635.3
	632.8

	
	Fhigh
	MHz
	726.4
	681.0
	665.9
	658.3
	655.8
	653.3
	650.8

	
	OVL
	MHz
	8.2
	10.2
	10.9
	11.3
	13.7
	16.1
	18.0

	n105UL TXBW
	Flow
	MHz
	698.2
	693.3
	688.4
	683.5
	681.0
	678.5
	676.0

	
	Fhigh
	MHz
	701.8
	696.9
	692.0
	687.1
	684.6
	682.1
	679.6

	n105 UL image
	Flow
	MHz
	699.2
	699.1
	699.0
	698.9
	696.4
	693.9
	691.4

	
	Fhigh
	MHz
	702.8
	702.7
	702.6
	702.5
	700.0
	697.5
	695.0

	n105 IMD
	Flow
	MHz
	648.6
	646.4
	645.7
	645.3
	642.8
	640.3
	637.8

	
	Fhigh
	MHz
	731.4
	686.0
	670.9
	663.3
	660.8
	658.3
	655.8

	
	OVL
	MHz
	3.2
	5.2
	5.9
	6.3
	8.7
	11.1
	13.7



Observation on IMD overlap for n71 and n105:
· Even if n105 duplex distance is 5MHz higher than for n71, at a given channel bandwidth, the n105 DL channel is subject to the same IMD order as n71 with just 5MHz lower overlap than n71.
· 15MHz channels are subject to IMD7 while higher bandwidth channels are subject to IMD5.
· The IMD5 peak overlaps with n71 20/25/30/35MHz channels and n105 30/35MHz channels, while over channels only se the decaying part of the IMD spectrum.
· Noticeably, the IMD5 overlap for n105 for 30 and 35MHz is the same than for n71 20 and 25MHz respectively.
This last observation is of importance as it means that the n105 30 and 35MHz are subject to the same IMD5 interference power than for n71 20 and 25MHz cases respectively. 
Since we have the n71 de-sense level compared to the ideally scaled REFSENS, we can calculate this interfering power level for the different channel bandwidths and use it to calculate the n105 de-sense level by:
· Using the interference power calculated from n71 20MHz REFSENS for n105 30MHz
· Using the interference power calculated from n71 25MHz REFSENS for n105 35MHz
· Using the interference power calculated from n71 20MHz REFSENS:
· For n105 25MHz with similar reduction than between n71 and n105 25MHz cases
· For n105 20MHz with further reduction
· In a similar way the n71 REFSENS calculated interference level for 15MHz can be used for n105.
Although this does not replace a measurement campaign (which we plan for next meeting as a confirmation), as it would allow an exact comparison of the interference level for both duplex distances in the same DL channel, it provides a fairly accurate estimation of the n105 REFSENS, especially for 30 and 35MHz.
The calculations in Table 2 use the approach exposed above and the row in Cyan are the n105 REFSENS recalculated based on the appropriate n71 interference levels that can be derived from the de-sense level. 
Table 2: n105 20/25/30/35MHz de-sense derived from n71
	
	CBW [MHz], NRB, REFSENS [dBm]

	CBW [MHz]
	5
	10
	15
	20
	25
	30
	35

	15kHz SCS NRB
	25
	52
	79
	106
	133
	160
	188

	n71 15kHz REFSENS [dBm]
	-97.2
	-94
	-91.6
	-86
	-84.1
	-82.5
	-80.7

	Scaled from 5MHz [dBm]
	-97.2
	-94.0
	-92.2
	-90.9
	-89.9
	-89.1
	-88.4

	delta vs scalled [dB]
	0.0
	0.0
	0.6
	4.9
	5.8
	6.6
	7.7

	delta UL vs thermal [dB]
	NA
	NA
	-8.3
	3.2
	4.5
	5.5
	6.9

	n105 15kHz REFSENS [dBm]
	-97.2
	-94.0
	-91.9
	-89.1
	-87.3
	-85.3
	-83.6

	Delta n105 vs n71[dB]
	0.0
	0.0
	-0.3
	-3.1
	-3.2
	-2.8
	-2.9

	30kHz SCS NRB
	NA
	24
	38
	51
	65
	78
	92

	n71 30kHz REFSENS [dBm]
	NA
	-94
	-91.9
	-87.4
	-84.2
	-82.6
	-80.8

	Scaled from 5MHz [dBm]
	NA
	-94
	-92.3
	-91.0
	-90.0
	-89.2
	-88.5

	delta vs scalled [dB]
	NA
	0.0
	0.4
	3.6
	5.8
	6.6
	7.7

	delta UL vs thermal [dB]
	NA
	NA
	-3.6
	-0.4
	1.8
	2.6
	3.7

	n105 30kHz REFSENS [dBm]
	NA
	-94.3
	-92.0
	-83.0
	-88.2
	-86.5
	-83.7

	Delta n105 vs n71[dB]
	NA
	0.0
	-0.1
	4.4
	-4.0
	-3.9
	-2.9



Observations:
· The 30 and 35MHz n105 REFSENS numbers can be considered as solid as they are based on the same IMD overlap and UL interference level than the n71 20 and 25MHz respectively.
· A good consistency is found for all IMD5 when comparing the delta between n105 and n71 (~3dB delta for 15kHz and ~4dB for 30kHz, see yellow highlight)
· Based on the extrapolation the de-sense for n105 15MHz channel is slightly reduced compared to n71
· The calculated values can be used as a starting point before they get refined by measurements.
REFSENS for the first 5MHz of n105
In [1], with the following part of the REFSENS way forward (revised wording and tables removed for conciseness), a number of options are discussed for the lower channel bandwidths.
“Way forward
· APT600 REFSENS UL configurations are the same than for n71
· 5, 10 and 15MHz CBW REFSENS baseline is the n71 REFSENS values
· The following options are discussed for next meeting starting from the GTW agreed baseline
· Option 1: values are reused as is
· Option 2: values are relaxed by 0.5dB
· Option 3: values are tightened by 0.5dB
· Option 4: 0.5dB relaxation is applied to channels overlapping the 612-617MHz range”

Although we do not want to repeat all the arguments previously provided in [6], there are a few facts that cannot be ignored:
· The n105 duplexer is the most challenging low band duplexer and the small 4MHz gap makes the compromise between IL in the first 5MHz DL and rejection in CH36 very difficult to maintain over process and temperature as the filter response shift in frequency. Note that:
· Coexistence simulations only uses typical filter values (as is usual)
· Blocking requirements are only tested a room temperature
· While REFSENS is tested ETC and thus sees all the process and temperature variations
· If some of these issues can be helped with new filter technologies, the 3GPP requirement should be technology agnostic and some of these new technologies result in larger and more expensive filters and their maturity may not be able to serve all of the volume needed for designs that are developed now.
· Finally, because of the above it is not feasible to support the size and cost impact of implementing both n71 and n105 filter in a phone: n105 and n71 co-banding is a must and shall be enabled by the specification:
· This means that the REFSENS for n71 frequency range is not degraded even if the filter becomes more difficult
· Note that the n71 REFSENS was set with a dual duplexer approach, then kept for the more challenging full duplexer. Here we need the 617-652MHz range to provide the same performance with the further challenging n105 filter.
· The 7dB higher blocker (-15dBm) shall now be supported with only 4MHz gap instead on 9MHz putting more constraints on the CH36 DL filter rejection and IL at the bottom of the band over ETC conditions.
· This is less of an issue, but appropriate rejection in n29 band is needed from the UL filter.
· A similar approach than for n78 vs n77 REFSENS can be used and thus we select option 4 where a small 0.5dB relaxation is applied to channels overlapping the 612-617MHz range. For the wider channels, since the IL increase in the lower 5MHz gets compensated by integrating over a larger frequency range and the bandwidth already being affected by UL de-sense, the relaxation can be ignored.

Based on the above option for 5/10/15MHz channels and accounting for the previous chapter for the 20/25/30/35 MHz channels, a complete n105 REFSENS table is derived together with the associated UL configuration which was already agreed to be the same than for n71.

Proposal for n105 REFSENS:
· Co-banding of n71 and n105 is supported
· The REFSENS uses n71 REFSENS for 5, 10 and 15MHz with a relaxation of 0.5dB for the channels overlapping the 612 to 617MHz frequency range. 
· The 15MHz channel gets a small correction to account for lower IMD7 impact
· The 20/25/30/35 MHz are corrected for lower IMD5 impact according to calculations 
· The channels affected by IMD use tentative values to allow confirmation by measurements.
· This is implemented in the specification as shown in Tables 3 and 4.
Table 3: REFSENS level for n105
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	n105
	15
	-97.2X
	-94.0x
	[-91.9]x
	[-89.1]
	[-87.3]
	[-85.3]
	[-83.6]

	
	30
	
	-94.3x
	[-92.0]x
	[-83.0]
	[-88.2]
	[-86.5]
	[-83.7]

	Note X:	Channels overlapping the 612-617MHz range are allowed a 0.5 dB REFSENS degradation


Table 4: UL configuration for n105 REFSENS
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	Duplex Mode

	n105
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.


DTT CH36 scenario for n105 and n71
In [1], with the following way forward, it is already agreed that the Case 3 -15dBm blocker converts to a -22dBm blocker level thanks to a 7dB lower DTT station power level. Still, the applicability at lower offsets needs to be discussed.
“Way forward
· -22dBm interferer level is used for blocker at 605MHz instead of -15dBm for n71 (in-band blocker case 3)
· How to capture the requirement will be further discussed at next meeting
· Further relaxing or not for the lowest channels will also be discussed”

For both n71 and n105, the closest interfering channel is the 6MHz DTT channel 36 at 602-608MHz which is a 9MHz gap for n71 and 4MHz gap for n105 as shown in Figure 1.
[image: ]
Figure 1: bands n71 and n105 with 6, 7 and 8MHz DTT channels positions.
 
If the DTT power level in Asia of 200kW is 7dB lower than the 1MW for the US, which justifies defining a -22dBm 5MHz blocker level for n105 instead of -15dBm for n71, in fact the blocker will be seen at the same frequency. Thus, the blocker offset would now be FDL_low – 7 for n105 rather than FDL_low – 12 for n71. Note that this 7MHz offset is even lower than the Case 1 7.5MHz for which -56dBm is the generic requirement and assumes no help from the RF or analog BB filtering.
If we take the -56dBm Case 1 reference post filter it means that the -22dBm level needs to be reduced by 34dB which is significantly higher that the 20dB (typical) assumed for the DTT coexistence simulations, this is certainly not a feasible target for the filter and for large channel bandwidths there is very little hope that analog BB filter will help. 
We thus recognize that some relaxation is needed for channels overlapping the first 5MHz of n105 for blocking which further emphasize that filtering is critical in that area and further justifies a 0.5dB REFSENS degradation for channels overlapping the 612 to 617 MHz frequency range.
One way to provide some relaxation, is to relax the -22dBm level by the same difference than between the generic case 1 (-56dBm) and case 2 (-44dBm) which would then result in -34dBm blocking level for channels overlapping the 612 to 617 MHz frequency range.
Based on the above we would need two new test cases for n105:
· Case 5: -22dBm at FDL_low – 12
· Case 6: -34dBm at FDL_low – 7
Since the Case 1 is at 7.5MHz offset, it may be simpler to repurpose the Case 1 and add the -34dBm exception for the cases where the channels overlap the 612 to 617 MHz frequency range.
Proposal for n105 blocking:
· Cases 5 with -22dBm at FDL_low – 12 is introduced based on 7dB lower interference from DTT CH36 compared to n71 case
· To account for DTT interference to the first 5MHz, a relaxed -34dBm at FDL_low – 7 is needed and since it is very close to the Case 1, instead of introducing a case 6, a Case 1 exception is at -34dBm is introduced for channels overlapping with the 612 to 617 MHz frequency range.
· This is implemented in the specification as shown in Table 5.
Table 5: n105 specific case 1 and 4 in-band blocking
	[bookmark: _Hlk115439406]NR band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	
	Pinterferer
	dBm
	-56
	-44
	-15
	-38
	-22

	n71
	Finterferer
	MHz
	NOTE 2
	FDL_low – 12 to FDL_high + 15
	FDL_low – 12
	
	

	n105
	Finterferer
	MHz
	NOTE 2, 4
	FDL_low – 12 to FDL_high + 15
	
	
	FDL_low – 12

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.
NOTE 4:  For n105 channels overlapping the 612-617MHz frequency range, the Case1 a: -BWChannel/2 – FIoffset, case 1 of NOTE 2 Pinterferer level is raised to [-34] dBm.


Conclusions
In this contribution, we have further analyzed the REFSENS requirement for n105 to account for a lower UL interference than n71 and also studied the DTT blocking requirement to formulate the following proposal.

Proposal for n105 REFSENS:
· Co-banding of n71 and n105 is supported
· The REFSENS uses n71 REFSENS for 5, 10 and 15MHz with a relaxation of 0.5dB for the channels overlapping the 612 to 617MHz frequency range. 
· The 15MHz channel gets a small correction to account for lower IMD7 impact
· The 20/25/30/35 MHz are corrected for lower IMD5 impact according to calculations 
· The channels affected by IMD use tentative values to allow confirmation by measurements.
· This is implemented in the specification as shown in Tables 3 and 4.
Table 3: REFSENS level for n105
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	n105
	15
	-97.2X
	-94.0x
	[-91.9]x
	[-89.1]
	[-87.3]
	[-85.3]
	[-83.6]

	
	30
	
	-94.3x
	[-92.0]x
	[-83.0]
	[-88.2]
	[-86.5]
	[-83.7]

	Note X:	Channels overlapping the 612-617MHz range are allowed a 0.5 dB REFSENS degradation


Table 4: UL configuration for n105 REFSENS
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	Duplex Mode

	n105
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.



Proposal for n105 blocking:
· Cases 5 with -22dBm at FDL_low – 12 is introduced based on 7dB lower interference from DTT CH36 compared to n71 case
· To account for DTT interference to the first 5MHz, a relaxed -34dBm at FDL_low – 7 is needed and since it is very close to the Case 1, instead of introducing a case 6, a Case 1 exception is at -34dBm is introduced for channels overlapping with the 612 to 617 MHz frequency range.
· This is implemented in the specification as shown in Table 5.
Table 5: n105 specific case 1 and 4 in-band blocking
	NR band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	
	Pinterferer
	dBm
	-56
	-44
	-15
	-38
	-22

	n71
	Finterferer
	MHz
	NOTE 2
	FDL_low – 12 to FDL_high + 15
	FDL_low – 12
	
	

	n105
	Finterferer
	MHz
	NOTE 2, 4
	FDL_low – 12 to FDL_high + 15
	
	
	FDL_low – 12

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.
NOTE 4: For n105 channels overlapping with 612-617MHz frequency range, the Case1 power is raised to [-34] dBm
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