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1	Introduction 

The concern on the practicality of the current MSD requirements with intra-band contiguous UL CA being specified with relatively small UL RB allocations non-contiguously distributed between the two contiguous UL carriers has been brought up in last RAN4 meeting [1] where the discussions were concluded with an approved WF [2] to initiate the RAN4 reconsideration on the necessity of such MSD requirements. In this contribution, we share our views on these MSD requirements and propose to remove them from RAN4 specifications due to that not only the UL configurations are impractical from network scheduling point of view but also the requirements do not really provide additional test coverage beyond what can already be verified in the same band or band combination without contiguous UL CA configuration.      
2 Discussion

Intra-band contiguous UL CA was first introduced in Rel-16 which covers both single TDD/FDD band and inter-band DL CA. In Rel-18, inter-band UL CA with intra-band contiguous UL CA in one band was further introduced (maximum of 3 CCs in UL configuration). Unlike single carrier UL, non-contiguous resource allocation may potentially be scheduled between the two contiguous UL carriers where the clustered inter-modulation products may induce more severe REFSENS degradation than contiguous UL resource allocation for FDD band self-interference and cross-band DL if simultaneous Rx/Tx is supported for the band combination. Owing to this concern, RAN4 had specifically introduced MSD requirements based on non-contiguous UL resource allocation in contiguous UL CA, as have been captured in TR 38.862 [3]. For inter-band UL CA with intra-band contiguous UL CA in one band, a new type of MSD requirement due to UL triple-beat inter-modulation interference was further introduced in Rel-18 [4].

In the current RAN4 specifications, there are three types of MSD requirements which are associated with intra-band contiguous UL CA:
· Single FDD band self-interference, such as for CA_n5B (Table 2-1)
· Inter-band CA or inter-band EN-DC with cross-band DL interference, such as for CA_n3A-n41C with UL CA_n41C (Table 2-2, Table 2-3)
· Inter-band CA or inter-band EN-DC with triple-beat issue, such as for CA_n3A-n41C with UL CA_n3A-n41C (Table 2-2, Table 2-3)

Table 2-1, Table 2-2, and Table 2-3 summarize all the MSD test configurations with intra-band contiguous UL CA for single FDD band, inter-band CA, and inter-band EN-DC respectively in the current RAN4 specifications [5,6].

	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n5B
	15/15
	10MHz + 10MHz
	10 (RBstart = 0)
	10 (RBstart = 42)
	30.8
	26.1
	FDD

	CA_n5B5
	15/15
	5MHz + 20MHz
	4 (RBSTART = 0) 
	16 (RBSTART = 90) 
	44.6
	23.0
	FDD

	CA_n7B
	15/15
	10MHz + 40MHz
	9 (RBstart = 26) 
	36 (RBstart = 180) 
	34
	25
	FDD



Table 2-1 Single FDD band ΔRIBC test configurations

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	



	
	n3
	N/A
	5
	N/A
	1877.5
	N/A
	FDD
	IMD914

	CA_n3A-n41C
with
	n41
	2545
	60
	1 (RBSTART= 0)
	2545
	N/A
	TDD
	N/A

	UL CA_n41C
	
	2625
	100
	1 (RBSTART= 272)
	2625
	
	
	

	
	
	
	
	
	
	
	
	

	CA_n3A-n41C
with
UL CA_n3A-n41C
Triple-beat
	n3
	1747.5
	5
	25 (RBSTART= 0)
	1842.5
	15.3
	FDD
	IMD3

	
	n41
	2560
	60
	1 (RBSTART= 30)
	2560
	N/A
	TDD
	N/A

	
	
	2620
	60
	1 (RBSTART= 127)
	2620
	
	
	



	CA_n5B-n12A
with
UL CA_n5B
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A18
	FDD
	N/A

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	
	
	

	
	n12
	N/A
	5
	N/A
	743.5
	20.8
	FDD
	IMD11



	CA_n5B-n14A
with
UL CA_n5B
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A18
	FDD
	N/A

	
	
	838.9
	10
	10 (RBSTART=28)
	883.9
	
	
	

	
	n14
	N/A
	5
	N/A
	765.5
	26.2
	FDD
	IMD9



	CA_n5B-n29A
with
UL CA_n5B
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A18
	FDD
	N/A

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	
	
	

	
	n29
	N/A
	5
	N/A
	725.5
	16.0
	FDD
	IMD13



	CA_n25A-n41C
with
UL CA_n41C
	n25
	N/A
	5
	N/A
	1992.5
	8.5
	FDD
	IMD7

	
	n41
	2545
	90
	1 (RBSTART=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBSTART=221)
	2640
	
	
	



	CA_n41C-n66A
with
UL CA_n41C
	n41
	2545
	90
	1 (RBSTART=0)
	2545
	N/A
	TDD
	N/A

	
	
	2640
	100
	1 (RBSTART=171)
	2640
	
	
	

	
	n66
	N/A
	5
	N/A
	2197.5
	32.5
	FDD
	IMD5



	CA_n41C-n77A
with
UL CA_n41C
	n41
	2545
	60
	1 (RBSTART=0)
	2545
	N/A
	TDD
	N/A

	
	
	2625
	100
	1 (RBSTART=272)
	2625
	
	
	

	
	n77
	N/A
	10
	N/A
	3305
	2.7
	FDD
	IMD9



Table 2-2 Inter-band CA MSD test configurations



	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order



	DC_1C_n3
	1C
	1950
1970
	20
20
	1 (RBstart=0)
1 (RBstart=67)
	2140
2160
	N/A
	N/A

	
	n3
	N/A
	5
	N/A
	1877.5
	36
	IMD5



	DC_3C_n26A

(Triple-beat)
	3
	1720
	20
	1 (RBSTART=0)
	1815
	N/A
	N/A

	
	
	1739.8
	20
	1 (RBSTART=99)
	1834.8
	N/A
	

	
	n26
	841.5
	15
	25(RBSTART=54)
	886.5
	18.9
	IMD3



	DC_3C_n28A

(Triple-beat)
	n28
	715.5
	25
	25(RBSTART=108)
	770.5
	11
	IMD39

	
	3
	1720
	20
	1 (RBSTART=0)
	1815
	N/A
	N/A

	
	
	1739.8
	20
	1 (RBSTART=99)
	1834.8
	
	



Table 2-3 Inter-band EN-DC MSD test configurations

The UL configurations of the above MSD requirements have been specified with rather small RB allocation in the contiguous UL CA. Some cross-band DL interference and triple-beat interference are even specified with only 1 RB in each of the contiguous UL carriers. 

Observation 1: MSD test configurations consisting of intra-band contiguous UL CA have been specified with relatively small RB allocations non-contiguously distributed between the two contiguous UL carriers.

As UL CA would be configured primarily to increase the UL throughout, it does not seem to be very practical to schedule small RB allocations non-contiguously between two contiguous UL carriers where the total resource allocation is even less than a single carrier can already provide. On the other hand, non-contiguous UL allocations may also be subject to higher MPR/A-MPR in order to fulfill the emission requirements which would render worse UL efficiency than contiguous UL allocation of the same RB number, not to mention that the MSD to the impacted DL carrier could potentially be very high based on the current specified MSD values.  

Observation 2: As UL CA is configured primarily to increase the UL throughout, it does not seem to be very practical to schedule small RB allocations non-contiguously between the two contiguous UL carriers where the total resource allocation is even less than a single carrier can already provide.

Observation 3: Non-contiguous UL allocations may be subject to higher MPR/A-MPR in order to fulfill the emission requirements and may result in relatively high MSD due to clustered inter-modulation product falling onto victim DL carrier.    

Observation 4: Network should always avoid scheduling small non-contiguous RB allocations for intra-band contiguous UL CA where the same throughput can be achieved with single carrier with better efficiency.

In the following sub-sections, we provide our further views on why the current MSD requirements with intra-band contiguous UL CA is not necessitated.

2.1	Single FDD band self-interference

Intra-band contiguous UL CA in single FDD band has been introduced in E-UTRA specifications [6]. However, there was no REFSENS exception specified. The reason behind is that since the spectrum blocks are contiguous, and there is no compelling reason that the UL allocations have to be scheduled non-contiguously between the two contiguous UL carriers when not fully populated, the same principle for specifying single carrier FDD band REFSENS requirements was adopted. That is, UL RB number is restricted if DL carrier would be impacted by the spectrum sidelobe encroachment. For FDD bands with narrow duplex spacing, the needed UL RB restriction may result in RB allocations within PCell only, such as for CA_5B. On the other hand, from network scheduling point of view, there is no reason that the SCell DL carrier has to be closer to UL band than PCell DL carrier. As a result, there essentially would be no additional REFSENS impact to both DL carriers when compared to single carrier REFSENS requirements.

Though UL RB restriction would help reduce the REFSENS impact from UL self-interference, it still does not completely remove the UL interference, especially, for wider (aggregated) channel BW where the counter-IMD and IMD resulting from the mixing of carrier leakage and/or image of the restricted UL allocation could still impact the DL carrier REFSENS. That being said, if the intention of specifying the artificially large ∆RIBC due to non-contiguous UL allocations in NR FDD bands was to verify PA linearity and duplexer isolation, in our view, such performance can already be verified in single carrier REFSENS requirements. Therefore, based on the principle of the E-UTRA FDD band intra-band contiguous CA REFSENS requirements, we do not see the necessity for specifying NR FDD band intra-band contiguous UL CA REFSENS requirements (∆RIBC).         

Observation 5: For E-UTRA single FDD band with intra-band contiguous UL CA, there is no REFSENS exception specified.

Observation 6: For intra-band contiguous CA, there is no compelling reason that the UL allocations have to be scheduled non-contiguously between the two contiguous UL carriers when not fully populated.  

Observation 7: For FDD band single carrier REFSENS, UL RB number is restricted if DL carrier would be impacted by the spectrum sidelobe encroachment.

Observation 8: From network scheduling point of view, there is no reason that the SCell DL carrier has to be closer to UL band than PCell DL carrier.

Observation 9: Based on observation 7 and observation 8, there essentially would be no additional REFSENS impact to both DL carriers when compared to single carrier REFSENS requirements. 

Proposal 1: For NR FDD band intra-band contiguous UL CA, REFSENS requirement does not need to be specified.

To maintain specifications consistency, we propose to remove the NR FDD band intra-band contiguous UL CA REFSENS requirements starting from the earliest release of the specifications (Rel-16).

Proposal 2: Remove NR FDD band intra-band contiguous UL CA REFSENS requirements from the earliest release of the specifications (Rel-16).

The proposed specifications revision on removing the FDD band intra-band contiguous UL CA REFSENS requirements is shown below (using Rel-18 specifications as example) which is also implemented in a set of companion CRs proposed by us in this meeting [7-9].

[bookmark: _Toc21344435][bookmark: _Toc29801922][bookmark: _Toc29802346][bookmark: _Toc29802971][bookmark: _Toc36107713][bookmark: _Toc37251487][bookmark: _Toc45888394][bookmark: _Toc45888993][bookmark: _Toc61367711][bookmark: _Toc61373094][bookmark: _Toc68231044][bookmark: _Toc69084457][bookmark: _Toc75467468][bookmark: _Toc76509490][bookmark: _Toc76718480][bookmark: _Toc83580827][bookmark: _Toc84405336][bookmark: _Toc84413945]7.3A.2.1	Reference sensitivity power level for Intra-band contiguous CA
For intra-band contiguous carrier aggregation, the throughput of each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.2-1a, Table 7.3.2-1b, Table 7.3.2-2, and Table 7.3.2-3.
For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.2-3 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than any of the downlink SCC center frequency. The requirements apply with all downlink carriers active. Unless given by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured.
For aggregation of two or more downlink FDD carriers with two uplink carriers, the reference sensitivity is not specified as it can be verified in one uplink carrier configuration. defined only for the specific uplink and downlink test points which are specified in Table 7.3A.2.1-1 and the reference sensitivity power level increased by ΔRIBC. The requirements apply with all downlink carriers active. Unless given by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured.
Table 7.3A.2.1-1: Intra-band contiguous CA uplink configuration for reference sensitivityVoid
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n5B
	15/15
	10MHz + 10MHz
	10 (RBstart = 0)
	10 (RBstart = 42)
	30.8
	26.1
	FDD

	CA_n5B5
	15/15
	5MHz + 20MHz
	4 (RBSTART = 0) 
	16 (RBSTART = 90) 
	44.6
	23.0
	FDD

	CA_n7B
	15/15
	10MHz + 40MHz
	9 (RBstart = 26) 
	36 (RBstart = 180) 
	34
	25
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 3:	The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2A.4.
NOTE 4:	The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1. 
NOTE 5:	Applicable only to BCS 1.




2.2	Inter-band CA or inter-band EN-DC with cross-band DL interference

For inter-band CA or inter-band EN-DC with cross-band DL interference, in addition to the impracticality from network UL resource scheduling perspective as mentioned above, there are a few other concerns associated with the test configurations which have not been addressed.
· For the combinations where the contiguous UL CA aggressor is from an FDD band, such as CA_n5B-n12A, the MSD in n5B DL has not been specified in the test configuration which could be quite substantial due to the non-contiguous UL IMD and should not be ignored.
· For CA_n40A-n41C currently being evaluated based on UL CA_n41C aggressor with 1RB + 1RB UL allocation, the estimated MSD is above 55dB which also implies such UL configuration would fail the UE coexistence requirement at -50dBm/MHz. If (1RB + 1RB) UL configuration would be introduced, it may trigger the concern whether A-MPR needs to be specified to fulfill the coexistence requirements.

Though the intention of choosing (1RB + 1RB) UL configuration can be understood as a way to expedite the IMD analysis process as the 2-tone analysis can be carried out by spreadsheet while the wide-band IMD power spread often requires time-consuming bench measurement or numerical simulations, the outcome of the MSD requirements based on the artificial (1RB + 1RB) UL configuration could be far from reality. In our view, to reflect the essence of intra-band contiguous UL CA which is intended for UL throughput enhancement, the analysis should be based on fully allocated UL carriers as the aggressor.

Observation 10: The intention of choosing (1RB + 1RB) UL configuration can be understood as a way to expedite the IMD analysis process as the 2-tone analysis can be carried out by spreadsheet while the wide-band IMD power spread often requires time-consuming bench measurement or numerical simulations.

Observation 11: The MSD requirements based on the artificial (1RB + 1RB) UL configuration could be far from reality.

On the other hand, though intra-band UL CA with aggregated BW wider than single carrier BW may aggravate the MSD due to wider ACLR encroachment to the cross DL victim band, from test coverage point of view, if cross-band MSD for single carrier UL aggressor has been specified for the same band combination, there is no need to further define additional requirement for intra-band contiguous UL CA aggressor as technically it is equivalent to another wider single carrier. Therefore, we propose there is no need to introduce cross-band MSD requirements resulting from intra-band contiguous UL CA configured with fully allocated maximum aggregated BW if the cross-band MSD requirement has been specified with single carrier UL aggressor at maximum channel BW.       

Proposal 3: There is no need to introduce cross-band MSD requirements resulting from intra-band contiguous UL CA configured with fully allocated maximum aggregated BW if the cross-band MSD requirement has been specified with single carrier UL aggressor at maximum channel BW.

2.3	Inter-band CA or inter-band EN-DC with triple-beat issue

For inter-band CA or inter-band EN-DC with triple-beat issue, in addition to the impracticality from network UL resource scheduling perspective as mentioned above, the concern on self-interference with the artificial (1RB + 1RB) in FDD band UL aggressor, such as for DC_3C_n26A with UL DC_3C_n26A, also has not been addressed.
  
Based on the above assessments, we propose to remove the MSD requirements for both inter-band CA/EN-DC with cross-band DL interference and triple-beat issue from the earliest release of specifications (Rel-17) to avoid the unnecessary RAN4 workload in future and reduce the already heavily loaded UE test burden.

Proposal 4: Remove the MSD requirements for both inter-band CA/EN-DC with cross-band DL interference and triple-beat issue from the earliest release of specifications (Rel-17) to avoid the unnecessary RAN4 workload in future and reduce the already heavily loaded UE test burden.
3	Conclusion

In this contribution, we share our views on the MSD requirements with intra-band contiguous UL CA and propose to remove them from RAN4 specifications due to that not only the UL configurations are impractical from network scheduling point of view but also the requirements do not really provide additional test coverage beyond what can already be verified in the same band or band combination without contiguous UL CA configuration.

Observation 1: MSD test configurations consisting of intra-band contiguous UL CA have been specified with relatively small RB allocations non-contiguously between the two contiguous UL carriers.

Observation 2: As UL CA is configured primarily to increase the UL throughout, it does not seem to be very practical to schedule small RB allocations non-contiguously between the two contiguous UL carriers where the total resource allocation is even less than a single carrier can already provide.

Observation 3: Non-contiguous UL allocations may be subject to higher MPR/A-MPR in order to fulfill the emission requirements and may result in relatively high MSD due to clustered inter-modulation product falling onto victim DL carrier.    

Observation 4: Network should always avoid scheduling small non-contiguous RB allocations for intra-band contiguous UL CA where the same throughput can be achieved with single carrier with better efficiency.

Observation 5: For E-UTRA single FDD band with intra-band contiguous UL CA, there is no REFSENS exception specified.

Observation 6: For intra-band contiguous CA, there is no compelling reason that the UL allocations have to be scheduled non-contiguously between the two contiguous UL carriers when not fully populated.  

Observation 7: For FDD band single carrier REFSENS, UL RB number is restricted if DL carrier would be impacted by the spectrum sidelobe encroachment.

Observation 8: From network scheduling point of view, there is no reason that the SCell DL carrier has to be closer to UL band than PCell DL carrier.

Observation 9: Based on observation 7 and observation 8, there essentially would be no additional REFSENS impact to both DL carriers when compared to single carrier REFSENS requirements. 

Proposal 1: For NR FDD band intra-band contiguous UL CA, REFSENS requirement does not need to be specified.

Proposal 2: Remove NR FDD band intra-band contiguous UL CA REFSENS requirements from the earliest release of the specifications (Rel-16).

Observation 10: The intention of choosing (1RB + 1RB) UL configuration can be understood as a way to expedite the IMD analysis process as the 2-tone analysis can be carried out by spreadsheet while the wide-band IMD power spread often requires time-consuming bench measurement or numerical simulations.

Observation 11: The MSD requirements based on the artificial (1RB + 1RB) UL configuration could be far from reality.

Proposal 3: There is no need to introduce cross-band MSD requirements resulting from intra-band contiguous UL CA configured with fully allocated maximum aggregated BW if the cross-band MSD requirement has been specified with single carrier UL aggressor at maximum channel BW.

Proposal 4: Remove the MSD requirements for both inter-band CA/EN-DC with cross-band DL interference and triple-beat issue from the earliest release of specifications (Rel-17) to avoid the unnecessary RAN4 workload in future and reduce the already heavily loaded UE test burden.
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