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1. [bookmark: _GoBack]Introduction
A new WID was approved in RAN#98 while further revised in RAN#99 as [1], in which enhancement of 3Tx for inter-band CA/EN-DC with two bands is included as one objective. In last meeting, the group had some initial discussion on the applicable Tx/Rx requirement and spec impact, the agreements are captured in [2].
In this paper, we share our views on the remaining issues.
2. Discussion
2.1 ΔTIB,c/ ΔRIB,c
Issue 3-2-1: ΔTIB,c /ΔRIB,c for 3Tx with inter-band UL CA/EN-DC
· Proposals
· Option 1: The existing ΔTIB,c /ΔRIB,c requirements could be applied
· WF:
· FFS in next meeting
ΔTIB,c and ΔRIB,c are the allowed additional relaxation due to support of inter-band CA operation, NR-DC operation and EN-DC operation. Compared to 2Tx, the values might be different for 3Tx due to the additional transmission path. However, we do not see the necessity to differentiate ΔTIB,c/ ΔRIB,c between 2Tx and 3Tx for the small difference. In addtion, it is observed that though in theory HPUE basket WI allow to define different ΔTIB,c/ ΔRIB,c compared to PC3 due to the potential different architectures to avoid significant MSD caused by higher power, it never happens.
Furthermore, given the combos considered in this WI is either PC2 or PC1.5, which means PC3 has already been defined with ΔTIB,c and ΔRIB,c introduction, we think option 1 is quite fair.
Proposal 1: In terms of 3Tx for inter-band UL CA/ENDC with 2-band, the existing ΔTIB,c/ ΔRIB,c requirements could be applied, there is no need to specifically define new ΔTIB,c/ ΔRIB,c for 3Tx.

2.2 MSD
2.2.1 Harmonic/Harmonic mixing/Cross band isolation
For the combos included in current WID, we understand that there is no new harmonic to be defined, which is caused by the interference of lower aggressor band falling into the higher victim band, and the lower band only equips with 1Tx for the combos included in this WID. However, we think harmonic is better to be discussed together with harmonic mixing and cross band isolation to derive some general guidance for the new mechanism that the assumed aggressor Chain becomes 2(via TxD or UL MIMO).
It is observed in the basket WI FDD_PC2_HPUE, for DL_n3-n78_UL_n3 (PC2), the harmonic requirement is already introduced for n3 without TxD with a new table 7.3A.4-2a added in 38.101-1, reproduce as below.
[image: ]
From our observation, the introduction of the harmonic requirement without TxD in n3 does not mean precluding the introduction of the harmonic requirement with TxD in n3, nor aggressor band equips with 1Tx or 2Tx would adopt one set of requirement, the discussion on the value for UE indicating TxD for the aggressor band is still proceeding, the details could be found in the approved TP [3], reproduce the relevant part as below.
-------------------------------------------------------------------------------------------------------------------------------------------
Table 5.x.2-1: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC2 aggressor NR UL band for NR DL CA FR1 for UE not supporting Tx Diversity
	Source
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	R4-2215895 (ZTE, CU)
	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	26.2
	NOTE 2
	UL2/DL1
direct-hit

	R4-2215660 (Apple)
	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	28.1
	NOTE 2
	UL2/DL1
direct-hit

	R4- 2302731 (Huawei, HiSilicon)
	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	26.9
	NOTE 2
	UL2/DL1
direct-hit

	R4-2215895 (ZTE, CU)
	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	16.6
	NOTE 2
	UL2/DL1
direct-hit

	
	



NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that in MHz and  with carrier frequency in the victim (lower) band in MHz and  the channel bandwidth configured in the higher band.



Table 5.x.2-2: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC2 aggressor NR UL band for NR DL CA FR1 for UE supporting Tx Diversity
	Source
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	R4-2215660 (Apple)
	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	35.4
	NOTE 2
	UL2/DL1
direct-hit

	R4- 2302731 (Huawei, HiSilicon)
	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	29.2
	NOTE 2
	UL2/DL1
direct-hit

	
	



NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that in MHz and  with carrier frequency in the victim (lower) band in MHz and  the channel bandwidth configured in the higher band.


-------------------------------------------------------------------------------------------------------------------------------------------

Observation 1: In basket WI FDD_PC2_HPUE, for n3-n78, the harmonic requirement for UE not indicating TxD for n3 has already been introduced into Rel-18 spec, while the harmonic requirement for UE indicating TxD for n3 is still under discussion and observed from the data captured in TP R4-2303457 [3] that the value could be 8+ dB higher.
Proposal 2: The requirement development procedure should be aligned between FDD_PC2_HPUE WI and 3Tx WI, i.e. if it is determined in FDD_PC2_HPUE WI there would be two sets of requirements (aggressor band w/wo TxD) for harmonic, then identical principle should apply to 3Tx that for harmonic/harmonic mixing/cross band isolation, the group should also evaluate the MSD for the aggressor band equipped with 2Tx (via TxD or UL MIMO); or vice versa.

2.2.2 IMD
Issue 3-2-3: 3Tx MSD framework for IMD
· Proposals
· Option 1: For PC1.5 UL CA/DC
· When UL configuration is PC3 FDD + PC1.5 TDD, reuse the PC2 2UL IMD MSD test configuration (PC3 FDD+PC3 TDD) and requirements.
· When UL configuration is (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD), new 2UL IMD MSD framework is to be discussed.
· Option 2: For FDD-TDD band combination with TDD band support UL MIMO/TxD in inter-band UL CA or EN-DC, the IMD MSD should be re-evaluated.
· WF:
· FFS in next meeting

IMD framework was established assuming 2Tx Chains for inter-band UL CA/EN-DC, while IMD for 3Tx architecture has never been evaluated before and it is expected that there would be additional interference paths for 3Tx compared to 2Tx. 
In last meeting, there is proposal to evaluate whether existing MSD for 2Tx could also be applicable for 3Tx for the same band combination. While particularly for PC1.5, it should be noted that it was agreed in RAN#99 neither new PC1.5 2Tx WI nor upscoping the existing WI to include PC1.5 2Tx is allowed due to the high workload in RAN4 and no TU left. So for PC1.5 3TX, at least there is no existing PC1.5 2Tx MSD to be referred to. 
Furthermore, there are several scenarios included in the WID, as below, chances are different MSD frameworks may apply for different cases. 
· The following power capabilities will be considered
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)
Observation 2: In RAN#99 it was agreed neither new PC1.5 inter-band 2Tx WI nor upscoping existing WI to include PC1.5 2Tx is allowed, so for PC1.5 3TX, at least there is no existing PC1.5 2Tx MSD to be referred to.
Proposal 3: For IMD, evaluate and determine the applicable MSD framework for 3Tx operation for different scenarios, select example band combinations and define new MSD value if needed.
Additionally, in terms of PC2, 8 combos included in current WID require 3Tx for PC2, however 2Tx for PC2 has not been introduced yet for some of them according to Rel-18 v0.0.0, the status is summarized in below table. It is very likely that certain band combinations with certain power class are only enabled with 3Tx, but not 2Tx.
	2Tx for PC2 has been introduced
	2Tx for PC2 has NOT been introduced

	CA_n28A-n41A
	CA_n26A-n78A

	CA_n28A-n78A
	CA_n8A-n78A

	CA_n41A-n71A
	DC_40A_n78A

	CA_n41A-n77A
	

	DC_3A_n78A
	



Observation 3: For PC2 CA_n26-n78, CA_n8-n78, DC_40-n78, currently there is no corresponding PC2 2Tx MSD to be referred to.
Observation 4: PC1.5 for inter-band UL CA/EN-DC could only be enabled via 3Tx operation in Rel-18.
Observation 5: For PC2, it is also likely that certain band combination with certain power class is only enabled via 3Tx, but not 2Tx.

2.2.3 General
Lastly, the following two scenarios include both inter-band UL CA+UL MIMO and inter-band UL CA+ TxD, we think the MSD values should be aligned between these two scenarios for a band combination with certain power class due to sharing the same architecture and interference source. The intention is to avoid that for example, for IMD, 3Tx with inter-band UL CA+TxD reuse the value of 2Tx for inter-band CA without TxD, while define new value for 3Tx for inter band UL CA+ MIMO, which is unreasonable.
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)
Proposal 4：Identical MSD value(s) apply for inter-band UL CA/EN-DC+UL MIMO and inter-band UL CA/EN-DC+ TxD, for a band combination with certain power class.

2.3 Spec impact
2.3.1 Inter-band UL CA/EN-DC +UL MIMO
It was agreed in last meeting, introduce new sub-clause in suffix H for 38.101-1, while further study on how to introduce inter-band EN-DC + UL MIMO in 38.101-3. It is observed that the clause suffix organization is symmetrical between 38.101-1 and 38.101-3, hence we think new clause suffix H for EN-DC with UL MIMO could be introduced to 38.101-3.
Proposal 5: A new clause suffix H for EN-DC with UL MIMO could be considered for 38.101-3.

2.3.2 Inter-band UL CA/EN-DC +TxD
At first glance, it might be reasonable to assume 3Tx feature (inter-band UL CA/EN-DC with TxD in one band) could be enabled for all PC2/PC1.5 band combinations since TxD is for all bands while UL MIMO is just for the bands introduced in table 5.2D-1 of 38.101-1. However, in case the MSD of 3Tx cannot reuse the exiting MSD of 2Tx, which is equivalent to there would be band combination specific requirement for 3Tx, then this feature can only be enabled by case-by-case manner.
Observation 6: In case the MSD of 3Tx cannot reuse the exiting MSD of 2Tx, which is equivalent to there would be band combination specific requirement for 3Tx, then 3Tx operation can only be enabled by case-by-case manner.
Proposal 6: Discuss and determine whether 3Tx operation (inter-band ULCA/EN-DC+TxD) could be enabled for all PC2 and PC1.5 band combinations in future meetings once the group reach consensus on MSD framework for 3Tx. 
-In case the MSD for 3Tx can reuse the existing MSD values of 2Tx, the 3Tx operation (inter-band ULCA/EN-DC+TxD) could be enabled for all PC2 and PC1.5 band combinations as a general feature.
-In case the MSD for 3Tx cannot reuse the existing MSD values of 2Tx, the 3Tx operation (inter-band ULCA/EN-DC+TxD) should be enabled by case-by-case manner.

2.4 SAR compliance
It is identified that either via 2Tx or 3Tx to achieve PC1.5, the SAR issue is supposed to be discussed and addressed. More specifically, reusing 0.5* maxUplinkDutyCycle-interBandCA-PC2 or introducing dedicate new IE for PC1.5 inter-band CA/EN-DC is expected to be discussed, consequently clause 6.2A.1.3 of 38.101-1 needs update.
In terms of single band PC1.5 which was introduced since Rel-16, 0.5* maxUplinkDutyCycle-PC2-FR1 (If indicated) is the threshold for PC1.5 uplink duty cycle, below which the PC1.5 requirements shall apply, and above which either PC2 or PC3 requirement applies. When PC1.5 was added for n77 and n78, a new maximum duty cycle capability IE maxUplinkDutyCycle-PC1dot5-MPE-FR1 was introduced dedicatedly for FWA devices to meet Maximum Permissible Exposure (MPE) requirements though in RAN4 there is no way to limit this IE to FWA only. The details are well summarized in [4].
Similarly, for PC1.5 inter-band CA/EN-DC, 0.5* maxUplinkDutyCycle-interBandCA-PC2 (If not absent) could be used as the threshold for PC1.5 uplink duty cycle, below which the PC1.5 requirements shall apply. If the field (maxUplinkDutyCycle-interBandCA-PC2) is absent, there would be no assumed restriction on scheduled uplink duty cycle, that is to say UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary.
Proposal 7: For PC1.5 inter-band CA/EN-DC SAR compliance, it is suggested to use 0.5* maxUplinkDutyCycle-interBandCA-PC2 if indicated as the threshold for PC1.5 UL duty cycle, below which PC1.5 requirements apply.
- If absent, UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary.

3. Conclusion
Proposal 1: In terms of 3Tx for inter-band UL CA/ENDC with 2-band, the existing ΔTIB,c/ ΔRIB,c requirements could be applied, there is no need to specifically define new ΔTIB,c/ ΔRIB,c for 3Tx.
Observation 1: In basket WI FDD_PC2_HPUE, for n3-n78, the harmonic requirement for UE not indicating TxD for n3 has already been introduced into Rel-18 spec, while the harmonic requirement for UE indicating TxD for n3 is still under discussion and observed from the data captured in TP R4-2303457 [3] that the value could be 8+ dB higher.
Proposal 2: The requirement development procedure should be aligned between FDD_PC2_HPUE WI and 3Tx WI, i.e. if it is determined in FDD_PC2_HPUE WI there would be two sets of requirements (aggressor band w/wo TxD) for harmonic, then identical principle should apply to 3Tx that for harmonic/harmonic mixing/cross band isolation, the group should also evaluate the MSD for the aggressor band equipped with 2Tx (via TxD or UL MIMO); or vice versa.
Observation 2: In RAN#99 it was agreed neither new PC1.5 inter-band 2Tx WI nor upscoping existing WI to include PC1.5 2Tx is allowed, so for PC1.5 3TX, at least there is no existing PC1.5 2Tx MSD to be referred to.
Proposal 3: For IMD, evaluate and determine the applicable MSD framework for 3Tx operation for different scenarios, select example band combinations and define new MSD value if needed.
Observation 3: For PC2 CA_n26-n78, CA_n8-n78, DC_40-n78, currently there is no corresponding PC2 2Tx MSD to be referred to.
Observation 4: PC1.5 for inter-band UL CA/EN-DC could only be enabled via 3Tx operation in Rel-18.
Observation 5: For PC2, it is also likely that certain band combination with certain power class is only enabled via 3Tx, but not 2Tx.
Proposal 4：Identical MSD value(s) apply for inter-band UL CA/EN-DC+UL MIMO and inter-band UL CA/EN-DC+ TxD, for a band combination with certain power class.
Proposal 5: A new clause suffix H for EN-DC with UL MIMO could be considered for 38.101-3.
Observation 6: In case the MSD of 3Tx cannot reuse the exiting MSD of 2Tx, which is equivalent to there would be band combination specific requirement for 3Tx, then 3Tx operation can only be enabled by case-by-case manner.
Proposal 6: Discuss and determine whether 3Tx operation (inter-band ULCA/EN-DC+TxD) could be enabled for all PC2 and PC1.5 band combinations in future meetings once the group reach consensus on MSD framework for 3Tx. 
-In case the MSD for 3Tx can reuse the existing MSD values of 2Tx, the 3Tx operation (inter-band ULCA/EN-DC+TxD) could be enabled for all PC2 and PC1.5 band combinations as a general feature.
-In case the MSD for 3Tx cannot reuse the existing MSD values of 2Tx, the 3Tx operation (inter-band ULCA/EN-DC+TxD) should be enabled by case-by-case manner.
Proposal 7: For PC1.5 inter-band CA/EN-DC SAR compliance, it is suggested to use 0.5* maxUplinkDutyCycle-interBandCA-PC2 if indicated as the threshold for PC1.5 UL duty cycle, below which PC1.5 requirements apply.
- If absent, UE shall work on power class PC1.5 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38.101-1 or other means if necessary.
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For a PC2 aggressor NR UL band for NR DL CA FRI, the maximum amount of degradation is specified in Table
7.3A4-2a b [15].

Table 7.3A.4-2a: Reference sensitivity exceptions and uplink/downlink configurations due to UL
harmonic from a PC2 aggressor NR UL band for NR DL CA FR1 for UE not supporting Tx Diversity.

SCS of -
UL BW. UL RB Allocation-| DL BW-| MSD.
T DL “| UL band- : : | uubLfe DL
band- | band- condition- order.
(MHz)- |  (kHz)- Lcrs- (MHz)- | (dB)-
- UL2/DL1-
B n3 n78. 5. 15- 25 (RBstart=0)- 10- 271 NOTE 2- direct-hit-
Eon3 | a7 | 10 15+ 50 (RBstart=0)- | 100- | 166.| NOTE2- 2L
ENOTE 2: The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such
that /o =15 * /2 Dlin MHz and P& + B 0B 122 A8 < S8 g — BV B 12 \ith 72 carrier
frequency in the victim (lower) band in MHz and 27 & the channel bandwidth configured in the higher
band.o
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