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Introduction
[bookmark: _Hlk115189237]In R4#104b-e, UE requirements for 600MHz APT band n105 were discussed further and lead to a way forward [1] that covered several aspects: asymmetric channel bandwidths, UE REFSENS and IBB for DTV protection. For the later one, the way forward suggested a merge of inputs in [2] and [3] which are very close and is covered in [4] as a joint contribution. In this contribution we tackle the REFSENS issue for the smaller channel bandwidths and provide measurements for the improved REFSENS for large channels. We also discuss the need for asymmetric channel bandwidths.
Discussion
Need for asymmetric channel bandwidths
Like for band n71, n105 is defined with 5, 10, 15, 20, 25, 30 and 35 MHz channel bandwidths but the UL is limited to up to 20 MHz channels. This means that 25, 30 and 35 MHz can only be paired with a 20 MHz channel.
If the channel can sit at the default duplex distance of -51 MHz which is the assumption used to derive the REFSENS UL configuration, this may not be the ideal situation for deployments:
· This may not be aligned with adjacent 5 MHz blocks
· This is not the best position for MSD as the UL channel could be moved to the upper boundary of the equivalent UL channel paired with the larger DL channel 
· This was already foreseen in 38.101-1 with the following requirement:
· The UE channel bandwidth can be asymmetric in downlink and uplink. In asymmetric channel bandwidth operation, the narrower carrier shall be confined within the frequency range of the wider channel bandwidth.
· In FDD, the confinement is defined as a maximum deviation to the Tx-Rx carrier center frequency separation (defined in table 5.4.4-1) as follows: ΔFTX-RX = | (BWDL – BWUL)/2 |
In our view, at a minimum, the asymmetric channels corresponding to the 20MHz UL paired with DL >20MHz should be introduced.
Proposal on asymmetric channel bandwidths: Asymmetric channel bandwidth BCS0 is introduced for n105 for 20MHz UL paired with 20, 30 and 35 MHz DL in 38.101-1 Table 5.3.6-1 as shown in Table 1 below (n71 BCS2 shown for similarity).
Table 1: Minimum asymmetric channel BCS for n105
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n71
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	5
	10
	1

	
	10
	15
	

	
	15
	20
	

	
	20
	35
	

	
	20
	25, 30, 35
	2

	n105
	20
	25, 30, 35
	0

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2: 	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.


REFSENS for 5, 10 and 15MHz channels
As we previously discussed multiple times, the n105 full band duplexer is the most challenging duplexer in terms of bandwidth and duplex gap for low bands. Being at the lowest frequency also makes it the largest size low band duplexer. From a cost and size prospective, it is not feasible to embark both n71 and a n105 duplexers in a smartphone. 
Enabling co-banding is a must, which puts further burden on the DL filter to reject the DTT interference at 605 MHz which is 7dB higher power for n71 than for n105. Due to the higher rejection at 605 MHz just 4 MHz below the n105 DL band, the filter frequency variation across temperature and part-to-part variation will impact the insertion losses at the lower part of the filter. 
It should also be noted that if blocking requirements are only tested at nominal temperature, REFSENS is measured against all extremes and thus some REFSENS relaxation is needed for the lowest channels to account for the more critical worst-case insertion losses in the first 5 MHz of the band. This only affects the smaller channel bandwidths < 20MHz that overlap with the 612 - 617 MHz frequency range.
It may sound like depreciating those channels, but the better compromise between rejection at 605 MHz and insertion losses at the bottom of n105 DL band will help those same channels with the DTV blocking issue with a small 0.5dB REFSENS penalty. These channels are agreed with a relaxed -34dBm IBB compared to channels 5 MHz further inside the band that have a -22dBm blocking capability (which correspond exactly to the n71 -15dBm blocking case 3). 
Finally, the 38.101-1 specifications and especially REFSENS, should be technology agnostic and cannot rely on only using new technologies. The best way to get early support for n105 is to start designing a co-banded n71/n105 filter with current technologies, and thus to implement this small REFSENS relaxation.
Given the above justifications we re-iterate our proposal from [3].
Proposal for 5, 10 and 15 MHz REFSENS: 
· Co-banding of n71 and n105 is supported
· n71 REFSENS is reused with 0.5 dB relaxation for 5, 10, 15 MHz channel overlapping with the 612 - 617 MHz frequency range.
REFSENS for 15, 20, 25, 30 and 35MHz channels
As previously discussed in [3] and by other companies, for the larger channel bandwidths that are subject to de-sense due to UL configuration with the transceiver impairments, thanks to the 5MHz increased duplex distance, REFSENS should be improved in n105 compared to n71.While in [3] we tried to estimate the MSD by comparing the difference in IMD overlaps between the two cases and calculating based on scaling, in this contribution, we directly measured the UL power in the respective n71 and n105 channels (shifting the band power measurement by 5MHz). Since we had limited time between n104b-e and n105 meetings for measurements, we did measurements without specific filtering needed for a very good measurement noise floor. Nevertheless, with the UL interference being relatively strong, it was possible to correct for the measurement noise floor. Due to the lack of time, we only measured for the 15kHz SCS and applied the same difference for both 15 and 30kHz REFSENS evaluation.

To derive the n105 REFSENS from the agreed n71 REFSENS which was the result of averaging between multiple companies, as it is impossible to re-engineer the assumption, we used the difference in measured interference between n71 and n105 and subtract it from the UL interference recalculated from the n71 REFSENS numbers in 38.101-1 and the scaled REFSENS from 5MHz CBW that do not include noise from the UL interference.

These calculations are summarized in Table 2. The 5, 10, 15 MHz are in the table to show the scaling and the fact that these are not affected by the UL noise (or only marginally for 15 MHz):
· The first 6 rows calculate the ideally scaled REFSENS versus actual. 
· The next 3 rows show the difference in measured UL interference between n71 and n105 for 15kHz SCS and the different channel bandwidths.
· The next 2 rows calculate the n71 UL interference level as deducted from the MSD in the 38.101-1 REFSENS, From this:
· The n105 UL interference is calculated by applying the difference in the measure level between n71 and n105 in the next two rows
· The row in yellow provides the n105 REFSENS based on the evaluated n105 UL interference level
· As a comparison the values based on simple scaling form [3] are provided in in the blue row and it is remarkably close to the values evaluated from measurements.
· The last 4 rows provide the improvement in n105 REFSENS vs n71 and the level of MSD compared to the ideally scaled REFSENS.

Table 2: n105 REFSENS calculations for channels bandwidths affected by UL interference
	Operating Band
	SCS kHz
	5
	10
	15
	20
	25
	30
	35

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n71 REFSENS from 38.101-1
	15
	-97.2
	-94
	-91.6
	-86
	-84.1
	-82.5
	-80.7

	
	30
	 
	-94.3
	-91.9
	-87.4
	-84.2
	-82.6
	-80.8

	n71 Scaled REFSENS from 5MHz
	15
	-97.2
	-94.0
	-92.2
	-90.9
	-89.9
	-89.1
	-88.4

	
	30
	 
	-94.3
	-92.3
	-91.0
	-89.9
	-89.1
	-88.4

	n71 Scaled vs REFSENS
	15
	0.0
	0.0
	0.6
	4.9
	5.8
	6.6
	7.7

	
	30
	 
	0.0
	0.4
	3.6
	5.7
	6.5
	7.6

	UL measured levels
	n71
	na
	na
	na
	-39.1
	-37.5
	-35.2
	-32.3

	
	n105
	na
	na
	na
	-42.8
	-40.9
	-39.0
	-36.5

	n71 vs n105
	n105-n71
	na
	na
	na
	3.8
	3.5
	3.8
	4.2

	n71 UL from REFSENS vs Scaled
	15
	na
	na
	na
	-83.7
	-81.4
	-79.6
	-77.5

	
	30
	na
	na
	na
	-85.9
	-81.6
	-79.7
	-77.6

	n105 UL
	15
	na
	na
	na
	-87.5
	-84.9
	-83.4
	-81.7

	
	30
	na
	na
	na
	-89.7
	-85.1
	-83.5
	-81.8

	n105 REF based on Measured UL
	15
	na
	na
	na
	-88.2
	-86.4
	-85.2
	-83.8

	
	30
	na
	na
	na
	-89.1
	-86.4
	-85.2
	-83.9

	n105 REF from [3]
	15
	-97.2
	-94.0
	-91.6
	-89.1
	-87.3
	-85.3
	-83.6

	
	30
	 
	-94.3
	-91.9
	-90.4
	-88.2
	-86.5
	-83.7

	n105 vs n71 REFSENS improvment
	15
	-97.2
	-94.0
	-91.6
	2.2
	2.3
	2.7
	3.1

	
	30
	 
	-94.3
	-91.9
	1.7
	2.2
	2.6
	3.1

	n105 vs Scaled REFSENS
	15
	0.0
	0.0
	0.0
	2.7
	3.5
	3.9
	4.6

	
	30
	 
	0.0
	0.0
	1.9
	3.5
	3.9
	4.6



Although our measurements needed some correction to account for the measurement setup noise floor, since the values from [3] and the measured values are very close, they can be trusted as tentative values. The 30KHz SCS values may be further refined at a later stage.

Proposal for 20, 25, 30 and 35 MHz REFSENS: REFSENS values can be improved compared to n71 with a higher n015 duplex distance as shown in Table 3.
Table 3: REFSENS for 20, 25, 30 and 35 MHz DL channels and 20MHz UL channel
	SCS kHz
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	15
	[-88.2]
	[-86.4]
	[-85.2]
	[-83.8]

	30
	[-89.1]
	[-86.4]
	[-85.2]
	[-83.9]


Complete REFSENS proposal
Combining the inputs from 2.2 and 2.3 we make the following proposal for the n105 REFSENS, the values channels >15MHz are tentative to allow further refinement with measurements, especially for 30kHz SCS.
Proposal for n105 REFSENS: The n105 RESENS is implemented in 38.101-1 as shown in Tables 4 and 5.
Table 4: 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
	-91.6x
	[-88.2]
	[-86.4]
	[-85.2]
	[-83.8]

	
	30
	
	-94.3x
	-91.9x
	[-89.1]
	[-86.4]
	[-85.2]
	[-83.9]

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


Table 5: 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.



Conclusions
In this contribution we discuss the need for asymmetric channel bandwidths for n105 due to UL being limited to 20MHz and make the following proposal.

Proposal on asymmetric channel bandwidths: Asymmetric channel bandwidth BCS0 is introduced for n105 for 20MHz UL paired with 20, 30 and 35 MHz DL in 38.101-1 Table 5.3.6-1 as shown in Table 1 below (n71 BCS2 shown for similarity).
Table 1: Minimum asymmetric channel BCS for n105
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n71
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	5
	10
	1

	
	10
	15
	

	
	15
	20
	

	
	20
	35
	

	
	20
	25, 30, 35
	2

	n105
	20
	25, 30, 35
	0

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2: 	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.



The we further discuss the n105 REFSENS values for both the small channel bandwidths that see increased insertion loss in the bottom of the DL band vs n71 and large channel bandwidth that see improved REFSENS with larger duplex distance compared to n71 and make the following proposals.

Proposal for 5, 10 and 15 MHz REFSENS: 
· Co-banding of n71 and n105 is supported
· n71 REFSENS is reused with 0.5 dB relaxation for 5, 10, 15 MHz channel overlapping with the 612 - 617 MHz frequency range.

Proposal for 20, 25, 30 and 35 MHz REFSENS: REFSENS values can be improved compared to n71 with a higher n105 duplex distance as shown in Table 3.
Table 4: 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
	-91.6x
	[-88.2]
	[-86.4]
	[-85.2]
	[-83.8]

	
	30
	
	-94.3x
	-91.9x
	[-89.1]
	[-86.4]
	[-85.2]
	[-83.9]

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


Table 5: 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.
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