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1	Introduction
[bookmark: _Toc42512456][bookmark: _Toc46352949][bookmark: _Toc49772668]The degradation of Cross-band (X-band) isolation Maximum Sensitivity Degradation (MSD)/REFSENS exceptions due to new, larger NR channel bandwidth (CBW) was discussed at RAN4#96-e [1]. The examples of DC_1_n40 and DC_3_n1 analyzed in [1] showed that the cross-band MSD is largely under estimated using the legacy test points. This concern has been addressed at RAN4#98-e, where it was agreed to introduce new tables to capture REFSENS exception due to counter-intermodulation (C-IM) interference for EN-DC [2]. For the case of cross-band isolation cases where the victim is within close proximity of the ACLR 1 or ACLR 2 from the aggressor, we argued that new tables may not be necessary: it is sufficient to capture additional test points or replace legacy test points by systematically adopting fully allocated aggressor uplink configuration at the highest specified UL CBW [3]. In this contribution, we present measurement results to illustrate this proposal.
2	Discussion
[bookmark: _Toc46352950]2.1	EN-DC and NR-CA Cross Band Isolation Specification Status
The following observations for both EN-DC and NR-CA tables are reproduced from [3] based on figures reproduced in Annex I and II:
Observation 1: In 38.101-3 17.0.0, 
· Many aggressor UL RB configurations are too small to account for the new, larger aggressor’s CBW. MSD may be under-estimated.
· Some aggressor UL RB configurations are missing to account for the new, larger victim’s CBW. Some MSD test points are missing.
· Many of the recently introduced test points for TDD-TDD combinations are configured with full aggressor UL RB allocations. This is also the case for some FDD-TDD combinations. 
· Some typos need corrections.
· Aggressor UL CBW configuration is clear thanks to NOTE 3.
· The net result is an overall inconsistency across EN-DC combinations for X-band REFSENS.
Observation 2: In 38.101-1 17.0.0, 
· Comparing the maximum CBW for specified in the BCS configuration tables and the UL RB allocations selected for X-band REFSENS tests, we observe that many aggressor UL RB configurations are too small to account for the new, larger aggressor’s CBW (blue). In some cases, the aggressor SCS cannot allow full UL RB allocation. MSD may be under-estimated.
· If BCS4 concept was to be agreed, there are many MSD that need to be analyzed.
· Many of the recently introduced test points for TDD-TDD and FDD-TDD combinations are configured with full aggressor UL RB allocations.
· Some corrections are needed for typos. We also note that for some reason, NOTES 3 and NOTES 4 are duplicated in Table 7.3A.6-1 (Figure 1 yellow).
· Aggressor UL CBW configuration is not clear. In the example of 25RB for CA_n1_n3, it is not clear at which n1 CBW is configured to allocate 25RB UL configuration.
· The net result is an overall inconsistency across NR-CA combinations for X-band REFSENS.

[bookmark: _Toc46352951][image: ]
[bookmark: _Ref68098876]Figure 1: 38.101-1 17.0.0 Table 7.3A.6.1 duplicated footnotes 3 and 4. 
2.2	New MSD Table Due to Counter-Intermodulation Interference
Table 1 is the additional REFSENS exception table that was agreed to account for under estimated MSD due to the close proximity of aggressor/victim. The test points create MSD due to C-IM direct hit to the victim’s receiver band. In the example of DC_3A_n1A, the E-UTRA band 3 MSD is up 21.5dB due to the impact n1 aggressor’s 50MHz CBW. For DC_3_n1, we now have three test points to account for receiver desensitization related to close Aggressor/Victim proximity.
Table 1: Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1
	UL band
	DL band
	SCS of UL band (kHz)
	LCRB of UL band
	Applicable UL BW(MHz)
	MSD value of DL band (dB)
	CIM order

	n1
	3
	15
	25
	≥ 25
	4.5
	CIM5

	n1
	3
	15
	25
	50
	17
	CIM3

	n5
	28
	15
	6
	≥ 15
	7.9
	CIM5

	n40
	1
	30
	25
	[bookmark: OLE_LINK2]≥ 70
	21.5
	[bookmark: OLE_LINK3]CIM5

	NOTE 1:	For CIM5, the MSD exceptions are applicable to the case that CIM5 of UL band falls into the DL channels. (The frequency of CIM5 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band).
NOTE 1:	For CIM3, the MSD exceptions are applicable to the case that CIM3 of UL band falls into the DL channels. (The frequency of CIM3 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band).



Observation 3: For DC_3A_n1A, three REFSENS exceptions requirements related to the impact of an aggressor with close proximity of the victim’s receiver frequency band:
1. B3 Legacy cross-band MSD test points: maximum 3dB MSD, n1 aggressor’s Lcrb=25, n1 CBW=5MHz;
2. B3 C-IM5 MSD test point: 4.5dB MSD, n1 aggressor’s Lcrb=25, n1 CBW >= 25MHz; and
3. B3 C-IM3 MSD test point: 21.5dB MSD, n1 aggressor’s Lcrb=25, n1 CBW = 50MHz.
2.3	Cross-band Isolation MSD Due to Large CBW: DC_3A_n1A example
Figure 3 is a simplified sketch of E-UTRA band 3 5MHz CBW for three aggressor configurations:
· Figure 3-A: n1 20MHz Lcrb=25 (RBstart=0). Note that the legacy Xband MSD test point uses 5MHz aggressor CBW. The 20MHz CBW is used to illustrate what we believe is the legacy LTE CA_1A-3A configuration for close-proximity MSD conformance test. It shows that the agreed maximum 3dB MSD results from an IM7 collision;
· Figure 3-B: n1 50MHz Lcrb=25 (RBstart=0) for which the E-UTRA band 3 is victim of IM3 collision; and
· Figure 3-C: n1 50MHz fully allocated, ie Lcrb=270 (RBstart=0), for which the aggressor ACLR shoulders collide with the E-UTRA band 3 receiver.
Comparing the three figures, it can be intuitively estimated that case B may lead to slightly higher MSD than case C when E-UTRA channel BW is less than the IM3 BW, but both cases should lead to strong MSD and should experience a similar level of desensitization. The next section presents measurement results to compare each MSD. The intention is to validate if the adoption of a single MSD test point using fully allocated waveforms at the highest specified UL CBW could simplify the technical specifications by keeping only one set of tables for X-band while ensuring worst case MSD is captured. The measurements are performed assuming the victim is NR band n3. Therefore, the results are useful to evaluate both NR CA_n1A-n3A and DC_3A_n1A MSD. The results may not reflect the exact E-UTRA Band 3 de-sensitisation due to the difference in spectrum utilization between n3 and band 3. They should however be reasonably accurate.
[image: ]
Figure 4: DC_3A_n1A MSD landscape due to Cross-band Isolation for 5MHz band 3 downlink carrier configured at the highest downlink channel. A: 25RB0 n1 20MHz UL CBW, B:25RB0 n1 50MHz UL CBW, C: Full n1 UL RB allocation at maximum UL CBW.
2.3.1 Test Waveforms, Power Amplifier Calibration and Transient Test Conditions
Tested waveforms:
· DFT-s-OFDM, SCS 15kHz
· Uplink RB configurations: Lcrb=25RB, RBstart=0 and fully allocated for n1 CBW = 20,25,30,40,50MHz
· Modulation scheme: QPSK
Power Amplifier (PA) ACLR calibration:
· PA linearity is adjusted so that -30dBc ACLR is met at 1dB MPR using a DFT-s-OFDM QSPK 100RB0 SCS15kHz waveform.
· 4dB Post PA loss, i.e. PA is then driven at 27dBm throughout all measurements to reflect the case of a power class 3 UE.
2.3.2 Test Result Summary
Measured transmitter noise levels in n3 victim’s receiver CBW of 5 ,10,15,20,25 and 30MHz are shown for n1 UL Lcrb=25 in Figure 3-left and for a fully allocated n1 uplink configuration in Figure 3-right. For Lcrb=25, it shows that as long as n1 CBW <=40MHz, the noise level is low to moderate. Significant noise rise occurs as soon as the n1 IMD3 overlaps the receiver CBW resulting is a sudden step up profile. For the case of fully allocated waveforms, the noise rises regularly vs n1 CBW. For any n1 CBW, the noise level of the fully allocated aggressor configuration is always higher than that of Lcrb=25. When n1 50MHz is configured, the noise level for n3 5MHz is approximately 3dB lower than for fully allocated, and note that at n1 50MHz CBW, near identical noise levels are measured for both types of allocations when n3 CBW >= 20MHz.

[image: ]
[bookmark: _Ref68099593]Figure 3: Measured noise level in n3 5,10,15,20,24,30 MHz CBW vs n1 20,25,30,40,40 UL CBW. Left: n1 Lcrb=25 (RBstart=0), Right: n1 full RB allocation.
Figure 4 shows the n3 estimated MSD vs n1 UL CBW, Lcrb=25 in Figure 4-left, fully allocated n1 results Figure 4-right. At n1 50MHz CBW, it shows that the Lcrb 25 MSD for 5MHz n3 CBW is approximately 3 dB higher than the 22.5 dB MSD due to fully allocated waveforms. Thus C-IM3 or IM3 related test points may represent worse case MSD, but considering MSD is greater than 20 dB in both cases, and the difference being small in comparison, we believe fully allocated waveforms are sufficient to capture worst case MSD. The MSD difference decreases as n3 Rx CBW is increased and becomes negligible for n3 CBW >= 20MHz. For n1 CBW lower than 50MHz, C-IM5 test point no longer guarantees that worst case MSD is captured. Only fully allocated waveforms can capture worst case X-band MSD.
[image: ]
[bookmark: _Ref68194298]Figure 4: n3 MSD for 5,10,15,20,24,30 MHz CBW vs n1 20,25,30,40,40 UL CBW. Left: n1 Lcrb=25 (RBstart=0), Right: n1 full RB allocation.
Observation 4:
· For n1 CBW<=40MHz, neither C-IM5, nor the legacy cross-band isolation test point guarantee that the worst case MSD is specified. High MSD can be captured using full n1 RB allocations,
· For n1 CBW=50MHz, C-IM3 MSD is approximately 3dB higher than the 22.5dB MSD due to full allocation for n3 5MHz CBW. For n3 CBW >=20MHz, the MSD difference between the two types of allocations becomes insignificant.

To resolve observations 1 and 2 concerns of inconsistent and under-estimated MSD, sub-optimal MSD test points, and to avoid the introduction of additional conformance test due to accounting for C-IM interference, we propose to adopt fully allocated aggressor uplink configurations and highest specified aggressor UL CBW. We believe this not only ensures worst case or reasonably close to worst case MSD test points are specified, but also prevents the introduction of additional conformance tests for band combinations where the victim is within reach of the aggressor’s C-IM or IMD or ACLR interference. We would also like to remind that in the case of inter-band CA,  eNb to gNb (EN-DC case) or gNb-gNb cross-scheduler coordination may not be assumed. It can therefore be assumed that the UL RB allocation on one cell group/ component carrier is completely independent from the downlink radio conditions experienced by the UE on the cell group/CC. 
Observation 5: For EN-DC, non-coordinated E-UTRA eNb and NR gNB schedulers may be assumed. For inter-band NR-CA, gNb cross-scheduler coordination may not be systematically assumed. For the example of EN-DC, it can be assumed that the UL RB allocation on one cell group is completely independent from the downlink radio conditions experienced by the UE on the cell group. In particular, the UE may be allocated full uplink RB allocation even when the UE downlink RSRP is very low.
We therefore make Proposal 1 to not only resolve issues encountered in both EN-DC and NR-CA cross-band MSD tables, but also to provide a general guideline to RAN4 in case the BCS 4 concept is agreed. For BCS 4, as pointed out in observation 2, additional work will be needed, so we believe it is important that RAN4 adopts some general guidelines that ensure MSD is not under-estimated, while minimizing impact on conformance testing and ensuring maximum specification consistency across NR-CA/EN-DC combinations.
Proposal: Adopt the following general guidelines for cross-band isolation MSD and UL configuration specifications
	
	Uplink Aggressor
	Downlink Victim

	Channel Bandwidth
	EN-DC and NR-CA BCS4: 
Highest uplink CBW that is specified for the aggressor band


NR-CA BCS<4: 
Highest uplink CBW that is specified in the CA BCS table for the aggressor band.
	EN-DC and NR-CA BCS4: 
MSD and UL configuration to be specified for all victim’s band specified CBW. 

NR-CA BCS<4:
MSD and UL configuration to be specified for all victim’s band CBW specified in CA BCS table.


	RB allocation
	Highest possible Lcrb that is compatible with the DFT-s-OFDM 2,3,5 radix rule for the highest UL CBW, ie. fully allocated UL configuration.
	Fully allocated DL configuration corresponding to each victim’s downlink CBW.

	SCS
	When NR carrier is the aggressor, the NR SCS should be the smallest SCS that is compatible with the highest UL CBW.

	Carrier Frequencies
	The UL and DL carrier frequencies should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.



CRs are needed to address observation 1 and 2 typos. Further studies are needed to revisit all identified MSD test points in observation 1 & 2 – further details can be found in Annex I – II (blue highlighted).
3	Conclusion
This paper presents measurement results to evaluate the impact of new, larger aggressor channel bandwidth on the MSD due to cross-band isolation of band n3 and band n1. It is concluded that for worst case MSD, and for certain victim’s channel bandwidth, the MSD due C-IM3 or IM3 interference is slightly worse than the MSD due to adjacent channel leakage interference due to fully allocated waveforms and only for n1 50MHz CBW. For all other aggressor CBW, worst case MSD is not captured by C-IM5 or legacy Xband test points. Only fully allocated waveforms ensure worst case MSD is captured. We propose to adopt fully allocated aggressor UL waveforms at the highest specified aggressor uplink CBW to address multiple concerns raised in observation1,2,3:
· To prevent specifications and conformance test expansion via the introduction of new REFSENS exception tables due to C-IM interference; 
· To fix all EN-DC and CA combinations where MSD may be underestimated; 
· To provide a consistent set of specifications where UL aggressor is systematically configured at the highest specified CBW and using fully allocated waveforms; and
· To provide a generic guideline to accommodate the new NR-CA BCS 4 concept.
Proposal: Adopt the following general guidelines for cross-band isolation MSD and UL configuration specifications
	 
	Uplink Aggressor
	Downlink Victim

	Channel Bandwidth
	EN-DC and NR-CA BCS4: 
Highest uplink CBW that is specified for the aggressor band


NR-CA BCS<4: 
Highest uplink CBW that is specified in the CA BCS table for the aggressor band.
	EN-DC and NR-CA BCS4: 
MSD and UL configuration to be specified for all victim’s band specified CBW. 

NR-CA BCS<4:
MSD and UL configuration to be specified for all victim’s band CBW specified in CA BCS table.


	RB allocation
	Highest possible Lcrb that is compatible with the DFT-s-OFDM 2,3,5 radix rule for the highest UL CBW, ie. fully allocated UL configuration.
	Fully allocated DL configuration corresponding to each victim’s downlink CBW.

	SCS
	When NR carrier is the aggressor, the NR SCS should be the smallest SCS that is compatible with the highest UL CBW.

	Carrier Frequencies
	The UL and DL carrier frequencies should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.
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Annex I – EN-DC Cross-band MSD Table Status [3]
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[bookmark: _Ref61599132]Figure 5: 38.101-3 17.0.0 X-band UL configuration status overview – based on Table 7.3B.2.3.4-1. Blue: cases where the UL Lcrb is not the maximum Lcrb that is specified for the highest CBW of the aggressor band. Yellow: cases where the MSD/UL configuration is missing for some of victim’s band CBW. Orange: typos.



Annex II – NR-CA Cross-band MSD Table Status [3]
[image: ]
[bookmark: _Ref61601673]Figure 6: 38.101-1 17.0.0 X-band UL configuration status overview – based on Table Table 7.3A.6.2. Blue: cases where the UL Lcrb is not the maximum Lcrb that is specified for the highest CBW of the aggressor band for the NR-CA specified BCSs. Yellow: cases where the MSD/UL configuration would be missing if BCS4 was adopted. Orange: typo.
[bookmark: _GoBack]
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NOTE 2:
NOTE 3:

NOTE 4:

Applicable only when harmonic mixing MSD for this combination is not applied.

Void

The requirements only apply for UEs supporting inter-band carrier aggregation with simultaneous
Rx/Tx capability. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a
n77 implementation.

The requirements only apply for UEs supporting inter-band carrier aggregation with simultaneous

Rx/Tx capability. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a
n77 implementation.
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NOTE 1. The UL configuration applies regardiess of the channel bandwidth of the UL bana. UL resource blocks allocation in the table shall be further imited o that specified in
Table 7.3.1-21n TS 36.101 [4] or Table 7.3.2-31n TS 38.101-1 2]

INOTE 2: The UL resource blocks shall be located as close as possible to the downliink operating band but confined within the transmission bandwidth configuration for the channel
banawidih.

[NOTE 3 When the maximum UL RB allocation “Lexs” value is less than the maximur transmission bandwidth configuration “Nes” defined i Table 5.3.2-1in 38.101-1 [2]for the
[specified UL band SCS, the UL band should be configured using the lowest CBW thatis compatible with the maximum specified Loas value.

NOTE 4 ifthe aggressor band is NR band, the test SCS and UL RB can be adjusted according to supported BW and lowest SCS supported by the UE.

INOTE 5 The requirements only apply for UES supporting inter-band ENDC with simultaneous Rx/Tx capabilf. Simultaneous RuTx capability does not apply for UES supporting
bana 42 with a n77 implementation only. These restictions are applicable to related higher order configurations.
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