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Introduction
[bookmark: _Hlk115189237]In RAN#99, new symmetrical UL/DL 25MHz and 30MHz CBW are requested for Band n71 in [1]. This request will result in two sets of REFSENS requirements for the 25MHz and 30MHz DL CBW. In this contribution, we discuss the specification impacts including the PC2 FDD and related band combinations. Additionally, we provide our evaluation for the significantly degraded PC3 REFSENS and PC2 RSDs due to the larger UL CBW. 
The input in this contribution is also relevant for AI 4.22.2 UE RF requirements [HPUE_NR_FR1_FDD_R18].
Discussion
In RAN#99 a new request was made for the support of symmetrical UL/DL 25MHz and 30MHz CBW for Band n71 in [1]. The related row of the request table is reproduced below. 
	Band
	Channel bandwidth
and SCS
	Justification
	Additional information

	n71
	25 and 30 MHz for uplink for both BS and UE
(15 kHz SCS for 25 MHz)
	To fully utilize the licensed uplink bandwidth of some operators with n71, 25MHz and 30 MHz channel bandwidth are proposed to be added for the uplink. PC2 support impacts should also be considered in the scope of this request
	Only symmetric UL/DL (25+25 and 30+30 MHz)



The following paragraphs discuss the impacted requirement for PC3 and PC2 power classes and potential further impact to band combinations including Band n71.
Impact to specification and ripple effects
How to handle new UL BW for existing DL BW?
Band n71 already has 25MHz and 30MHz REFSENS specified, but with an UL bandwidth that is restricted to 20MHz for any DL CBW >20MHz. With the new request for symmetrical UL/DL 25MHz and 30MHz CBW in [1], there is a need for two sets of REFSENS requirements for the same CBW in Release 18 which is a new case. 
The existing requirement with 20MHz UL CBW should be the baseline for legacy devices and the default for Release 18 devices, while the symmetric UL/DL case should be optional in Release 18 and further agreements may be needed to make it mandatory in further releases.
It is also unclear how to best capture the new requirement in the REFSENS. At this point, the existing requirement values should be the main entry in the table and the new REFSENS values could possibly be added in a Note that would apply to 25MHz and 30MHz CBW only. It is assumed that for 35MHz DL CBW, only 20MHz UL CBW applies.
Proposal 1:
· Existing 25MHz and 30MHz REFSENS with 20MHz UL is maintained as the baseline requirement in the REFSENS Table and applies for legacy UEs
· 35MHz DL CBW uses 20MHz UL only
· The symmetrical UL/DL 25MHz and 30MHz CBW is optional in R18 and FFS how it becomes mandatory
· The symmetrical UL/DL 25MHz and 30MHz CBW REFSENS values are captured in a wat that makes it clear it is the optional requirement (using notes for example)
· How to signal the optional symmetrical UL/DL CBW support is FFS.
How to handle PC3 and PC2?
On top of this symmetrical UL/DL 25MHz and 30MHz CBW support, Band n71 is also requested for PC2 FDD introduction. The current 1Tx and 2Tx RSD evaluations provided in last RAN4 meeting, for example in [5], only covers the 20MHz UL restricted case for 25 and 30MHz. However, for the Release 18 specification completeness, the PC2 RSD for the symmetrical 25MHz and 30MHz UL/DL CBW must also be evaluated.
Proposal 2: 
· For Release 18 completeness the PC2 1Tx and 2Tx RSDs should be specified for the optional symmetrical UL/DL 25MHz and 30MHz case.
· PC2 FDD should not be considered complete for n71 until PC2 FDD 1Tx and 2Tx RDS is specified for symmetrical UL/DL 25MHz and 30MHz CBW
· Symmetrical 25MHz and 30MHz CBW for n71 should not be considered complete until PC2 FDD 1Tx and 2Tx RDS is specified for symmetrical UL/DL 25MHz and 30MHz CBW
· [bookmark: _Hlk131415249]We suggest this work is covered in the “new CBW for existing band” as for n8.
Impact to BCS4/5 NR CA and EN-DC cases
Similarly, there are existing and requested band combinations with Band n71 which will require re-evaluation since the symmetrical UL/DL 25MHz and 30MHz CBW request creates a new largest UL CBW of 30MHz which requires any cross-band MSD to be reconsidered. This is especially necessary for ENDC and BCS 4/5 NRCA cases where all the constituent bands CBW should be supported. Again, since there will be two cases and the symmetrical UL/DL 25MHz and 30MHz CBW are optional, there may be a need to accommodate two requirements.
Here is the list of band combination cases which we have cross-checked:
· CA_n71B and CA_n71(2A) have BCS4 and 5 and thus their MSD test points and values may have to be re-evaluated
· CA_n12-n71, CA_n28-n71 and CA_n29-n71: these are OK as their BCS maximum CBW is 20MHz
· CA_n71-n85 that is currently evaluated [2, 3, 4] is a BCS4 and 5 cases and thus the cross-band MSD will need to be evaluated for 30MHz UL CBW
· DC_5A_n71A, DC_12A_n71A and DC_13A_n71A cross band MSD needs to be re-evaluated with 30MHz UL CBW.
Proposal 3:
· Once the n71 symmetrical UL/DL CBW single band work is finalized, potential new MSD test points and values should be assessed for CA_n71B, CA_n71(2A), CA_n71-n85, DC_5A_n71A, DC_12A_n71A and DC_13A_n71A
· The work should be done the within the “new CBW for existing band” WI to complete band n71
· In the meantime, work on CA_n71-n85 is postponed.
· FFS on how to deal with the legacy and new cross-band MSD requirement for the impacted band combinations.
Requirement for the new UL channel bandwidths
Delta MPR
As shown in Table 1, UL channel bandwidths above 20MHz have a relative channel bandwidth exceeding 3% and should be thus subject to a 0.5dB Delta MPR and band n71 added to Table 6.2.2-3 in 30.101-1
Table 1: relative CBW for band n71 20 to 35MHz UL BW
	UL CBW [MHz]
	relative CBW [%]

	20
	2.9%

	25
	3.7%

	30
	4.4%

	35
	5.1%



Proposal 4 on Delta MPR for band n71: A Band n71 row is added to the 0.5dB Delta MPR for 25MHz and 30MHz UL CBW in Table 6.2.2-3 for PC3 and PC2.
· (Note): table header needs to be modified from “25 MHz, 30 MHz” to “UL Channel Bandwidth”.
NS_35
[bookmark: _Hlk131975588]With the new 25MHz and 30MHz UL CBW, the Band n71 specific SEM requirement associated with NS_35, would need to be checked. Currently, this can be met with MPR thus there is no associated A-MPR. The specific SEM is different from the general SEM in that the measurement bandwidth in the first OOB MHz is 30kHz up to 100kHz OOB and then 100KHz MBW above while the general SEM uses a 1% MBW in the first OOB MHz. 

Table 2 provides the minimum guard band versus CBW for 20MHz to 35MHz CBW. Given that the guard band increases for 25MHz and 30MHz CBW compared to 20MHz it is likely that MPR is also sufficient for NS_35 for the increased UL CBW. Still, it may be worth verifying especially for PC2.
Table 2: Minimum guard-band versus CBW
	CBW [MHz]
	20
	25
	30
	35

	Minimum guard-band [MHz]
	0.4525
	0.5225
	0.5925
	0.5725


Proposal 5: 
· NS_35 SEM requirement compliance with MPR for 25MHz and 30MHz needs to be verified for PC3 and PC2
· We suggest the PC2 work is covered in the “new CBW for existing band” AI.
IMD interference for the new UL CBW
[bookmark: _Hlk131629887]With the increased UL CBW of the 25MHz and 30MHz symmetrical UL/DL CBW, the PC3 REFSENS should be re-evaluated to account for the smaller frequency gap between the UL and DL allocations compared to the centred 20MHz UL used in the current REFSENS. In Table 3 we provide the IMDs related to the wanted UL allocation and its image that overlap with the DL allocation. The yellow highlighted cases are the new CBW cases in the right part of the table. In the left side of the table, the current cases with 20MHz UL are described the left side of the table while the symmetrical 35MHz UL/DL case is also described in blue highlight.
Table 3: IMD interference for various UL/DL CBW 
	DL CBW
	UL CBW
	IMD
order
	overlap
	comment
	UL CBW
	IMD
order
	overlap
	comment

	[MHz]
	[MHz]
	
	[MHz]
	
	[MHz]
	
	[MHz]
	

	25
	20
	IMD5
	13.7
	partial IMD5 spectrum with peak in DL BW
	25
	IMD3
	1.895
	small IMD3+IMD5

	30
	20
	IMD5
	16.13
	
	30
	IMD3
	10.8
	Full IMD3 spectrum in DL BW

	35
	20
	IMD5
	18
	just missed IMD3+full IMD5
	35
	IMD3
	10.8
	



Observation: While the existing cases are only victim of the partial IMD5 spectrum including its peak, the new UL CBW cases are victim of IMD3:
· The 25MHz symmetrical UL/DL has only a small IMD3 overlap without the peak and the IMD5 interference which has >16MHz overlap including its peak.
· The 30MHz symmetrical UL/DL has a full IMD3 overlap including its peak with some IMD5 overlap
· As a note, a 35MHz symmetrical UL/DL case would have full IMD3 overlap and no IMD5 so similar UL interference than the 30MHz symmetrical UL/DL case
In order to evaluate the IMD interference precisely, we have performed measurements of the output noise of a PC3 calibrated low-band PA with 25MHz and 30MHz UL CBW at maximum PC3 power and 28dBc image and carrier leakage, and, similarly to the 20MHz UL CBW, 20RB0 at the bottom of the channel is used.
Proposal on UL configuration: for 25MHz and 30MHz symmetrical UL/BW case, the 20RB0 allocation at the bottom of the channel is used.
To further evaluate the IMD interference for the PC2 cases, we performed similar measurements than for the PC3 case with one PA biased at PC2 calibration for 1Tx RSD and two 10dB coupled PAs at PC3 calibration for 2Tx RSD. 
Measurement results and analysis
Calculated de-sense for the different cases
The calculation follows the same procedure as the one already used for other REFSENS and RSD calculations based on MRC combiner in [5] and uses the same RF front-end assumptions with the improved isolation assumptions used for n71 and n105:
· Tx/Rx isolation of 55dB
· Tx/Ant rejection of 50dB
· 4dB post PA losses
· 4dB pre LNA losses
· 10dB antenna isolation
In Table 4 we provide the 25MHz and 30MHz MRC calculations for the PC3, and PC2 1Tx and 2Tx cases based on our measured UL interference in the DL CBW. For reference, the calculations for both 20MHz UL restricted case and the new symmetrical UL/DL are provided.
Table 4: MRC combining based calculations for PC3 REFSENS and PC2 1/2Tx RSDs
	UL configuration
	20MHz UL
	UL=DL

	CBW/NRB
	[MHz]/#
	25
	133
	30
	160
	25
	133
	30
	160

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	55
	50
	55
	50
	55
	50
	55
	50

	LNA to antenna insertion loss
	[dB]
	4
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-81.6
	-86.6
	-79.7
	-84.7
	-72.4
	-77.4
	-62.8
	-67.8

	noise degradation due to Tx noise: Main/Div
	[dB]
	5.7
	2.7
	6.5
	3.2
	13.7
	9.1
	22.4
	17.4

	REFSENS degradation after MRC
	uncor [dB]
	3.9
	4.6
	10.8
	19.2

	REFSENS degradation after MRC
	cor [dB]
	5.8
	6.6
	13.4
	21.9

	PC2 1Tx interference levels: Main/Div
	[dBm]
	-78.6
	-83.6
	-76.7
	-81.7
	-69.4
	-74.4
	-59.8
	-64.8

	noise degradation due to Tx noise: Main/Div
	[dB]
	8.0
	4.3
	9.0
	5.0
	16.6
	11.8
	25.4
	20.4

	REFSENS degradation after MRC
	uncor [dB]
	5.8
	6.6
	13.6
	22.2

	REFSENS degradation after MRC
	cor [dB]
	8.0
	8.9
	16.2
	24.9

	PC2 2Tx interference levels: direct/coupled
	[dBm]
	-78.4
	-78.4
	-76.5
	-76.5
	-69.2
	-69.2
	-59.6
	-59.6

	noise degradation due to Tx noise: Main/Div
	[dB]
	8.2
	8.2
	9.2
	9.2
	16.8
	16.8
	25.5
	25.5

	REFSENS degradation after MRC
	uncor [dB]
	8.2
	9.2
	16.8
	25.5

	REFSENS degradation after MRC
	cor [dB]
	10.9
	11.9
	19.8
	28.5

	PC3 REFSENS
	[dBm/CBW]
	-84.1
	-82.5
	-76.6
	-67.3

	PC2 1Tx/2Tx RSD
	[dB]
	2.2
	5.1
	2.3
	5.3
	2.8
	6.4
	3.0
	6.7



Observations: 
· PC3 REFSENS is significantly impacted when symmetric UL/DL is used compared to 20MHz UL especially at 30MHz where the DL is impacted by the complete IMD3 spectrum
· These would be by far the worst REFSENS for 25MHz and 30MHz CBW
· For the PC2 cases since RSD is on top of REFSENS the values may seem reasonable or comparable with the 20MHz UL cases but it corresponds to REFSENS values that are very degraded:
· -73.7 for 1Tx PC2 at 25MHz UL/DL
· -70.1 for 2Tx PC2 at 25MHz UL/DL
· -64.3 for 1Tx PC2 at 30MHz UL/DL	
· -60.6 for 2Tx PC2 at 30MHz UL/DL
· It should also be noted that, compared to the 20MHz UL case, there are less options for “good” allocations.
Proposed REFSENS and RSD values
Given that we still need to agree how to capture these optional symmetrical UL/DL cases on top of the existing requirement for the same DL CBW and 20MHz UL, we can’t propose a PC3 REFSENS or the PC2 RSDs. Still the value above can be used as 
Proposal on PC3 REFSENS:
· How to capture PC3 REFSENS for the optional symmetrical UL/DL cases in 38.101-1 is FFS
· A REFSENS value of -76.6 dBm and -67.3 dBm can be used for 25MHz and 30MHz CBW respectively with 20RB0 UL allocation
Proposal on PC2 RSD:
· How to capture PC2 1Tx and 2Tx RSD for the optional symmetrical UL/DL cases in 38.101-1 is FFS
· A RSDS value of 2.8dB and 3.0dB can be used for 1Tx RSD for 25MHz and 30MHz CBW respectively
· A RSDS value of 6.4dB and 6.7dB can be used for 2Tx RSD for 25MHz and 30MHz CBW respectively.
Conclusions
In this contribution, we discussed the impact of the introduction of 25MHz and 30MHz symmetrical CBW for Band n71 in 38.101-1 and make the following proposals.

Proposal 1:
· Existing 25MHz and 30MHz REFSENS with 20MHz UL is maintained as the baseline requirement in the REFSENS Table and applies for legacy UEs
· 35MHz DL CBW uses 20MHz UL only
· The symmetrical UL/DL 25MHz and 30MHz CBW is optional in R18 and FFS how it becomes mandatory
· The symmetrical UL/DL 25MHz and 30MHz CBW REFSENS values are captured in a wat that makes it clear it is the optional requirement (using notes for example)
· How to signal the optional symmetrical UL/DL CBW support is FFS.
Proposal 2: 
· For Release 18 completeness the PC2 1Tx and 2Tx RSDs should be specified for the optional symmetrical UL/DL 25MHz and 30MHz case.
· PC2 FDD should not be considered complete for n71 until PC2 FDD 1Tx and 2Tx RDS is specified for symmetrical UL/DL 25MHz and 30MHz CBW
· Symmetrical 25MHz and 30MHz CBW for n71 should not be considered complete until PC2 FDD 1Tx and 2Tx RDS is specified for symmetrical UL/DL 25MHz and 30MHz CBW
· We suggest this work is covered in the “new CBW for existing band” as for n8.

Proposal 3:
· Once the n71 symmetrical UL/DL CBW single band work is finalized, potential new MSD test points and values should be assessed for CA_n71B, CA_n71(2A), CA_n71-n85, DC_5A_n71A, DC_12A_n71A and DC_13A_n71A
· The work should be done the within the “new CBW for existing band” WI to complete band n71
· In the meantime, work on CA_n71-n85 is postponed.
· FFS on how to deal with the legacy and new cross-band MSD requirement for the impacted band combinations.
Then we provided input to the single band requirements.

Proposal 4 on Delta MPR for band n71: A Band n71 row is added to the 0.5dB Delta MPR for 25MHz and 30MHz UL CBW in Table 6.2.2-3 for PC3 and PC2.
· (Note): table header needs to be modified from “25 MHz, 30 MHz” to “UL Channel Bandwidth”.
Proposal 5: 
· NS_35 SEM requirement compliance with MPR for 25MHz and 30MHz needs to be verified for PC3 and PC2
· We suggest the PC2 work is covered in the “new CBW for existing band” AI.

Proposal on UL configuration: for 25MHz and 30MHz symmetrical UL/BW case, the 20RB0 allocation at the bottom of the channel is used.
Proposal on PC3 REFSENS:
· How to capture PC3 REFSENS for the optional symmetrical UL/DL cases in 38.101-1 is FFS
· A REFSENS value of -76.6 dBm and -67.3 dBm can be used for 25MHz and 30MHz CBW respectively with 20RB0 UL allocation.
Proposal on PC2 RSD:
· How to capture PC2 1Tx and 2Tx RSD for the optional symmetrical UL/DL cases in 38.101-1 is FFS
· A RSDS value of 2.8dB and 3.0dB can be used for 1Tx RSD for 25MHz and 30MHz CBW respectively
· A RSDS value of 6.4dB and 6.7dB can be used for 2Tx RSD for 25MHz and 30MHz CBW respectively.
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