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1	Introduction
This contribution discusses our initial view on the UE demodulation requirements for intra-band non-colocated EN-DC/NR-CA deployments [1].
2	Discussion
2.1	Test scope
The objective of performance part of this WI is to specify PDSCH demodulation requirements for intra-band non-contiguous EN-DC and NR-CA, considering the non-colocated deployment scenario. According to the objective, we propose to specify PDSCH demodulation requirements only for WI intra-band non-colocated EN-DC/NR-CA deployment.
Proposal 1: RAN4 specifies PDSCH demodulation requirements only for the WI intra-band non-colocated EN-DC/NR-CA deployment.
According to the WID, the work is limited to the following band combinations:
· EN-DC: DC_42_n77/n78
· NR-CA: CA_n77(2A) and CA_n78(2A)
For EN-DC 42+n77/n78, RAN4 has already introduced the UE RF capability interBandMRDC-WithOverlapDL-Bands-r16 for 2 layer MIMO case (a.k.a. Type 2 UE capability), where UE can receive two carriers with received power imbalance up to 25dB (cf. TS38.101-3 7.6B.2.6) and received time difference up to 33us (cf. TS38.133 7.6.2/7.6.5). RAN4 RF core part also agreed to reuse the Type 2 UE capability for NR-CA scenario in this WI. 
	RAN4#104-bis-e [2]:
Agreements:
· Conclude 25dB power imbalance with 1dB REFSENS relaxation for Type-2 Intra-band non-collocated NR-CA in this meeting
RAN4#105 [4]:
· Agreements 
· MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE 
· MRTD=33us 
· MTTD=34.6us


 
Observation 1: For 2-layer MIMO case, RAN4 has already agreed to use Type 2 UE for intra-band non-contiguous EN-DC and NR-CA in the non-colocated deployment scenario, where the Type 2 UE can receive two carriers with received power imbalance up to 25dB and received time difference up to 33us.
RAN4 RF core part is also discussing UE capabilities supporting intra-band non-contiguous EN-DC/NR-CA for 4-layer MIMOI case, and so far, RAN4 are discussing two UE types, called Type 3a/3b and 4a/4b as summarized in Table 1. 
[bookmark: _Ref130823277]Table 1	UE capability options supporting intra-band non-contiguous EN-DC/NR-CA for 4 layer MIMO case (based on [3]).
	UE Type
	CC#
	antenna / LNA
	Mixer
	Analog BB
	#Rx
	NRCA / ENDC
	power imbalance
	Comments

	3a
	1 (NR)
	4 shared
	4
	4
	4Rx
	EN-DC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after 2 LNAs out of 4 => common AGC on LNA => 25dB partial range

	
	2 (LTE)
	
	2
	2
	2Rx
	
	
	

	3b
	1 (NR)
	4 shared
	4
	4
	4Rx
	NR-CA
EN-DC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after all 4 LNAs => common AGC on LNA => 25dB partial range

	
	2 (LTE/NR)
	
	4
	4
	4Rx
	
	
	

	4a
	1 (NR)
	4
	4
	4
	4Rx
	EN-DC
	25dB
full range
	Requires 6 antennas and LNA => FWA only

	
	2 (LTE)
	2
	2
	2
	2Rx
	
	
	

	4b
	1 (NR)
	4
	4
	4
	4Rx
	NR-DC
EN-DC
	25dB
full range
	Requires 8 antennas and LNA => FWA only

	
	2 (LTE/NR)
	4
	4
	4
	4Rx
	
	
	



The difference between sub-type 3a and 3b is that	sub-type 3a supports 4Rx in one band and 2Rx in another band, which is applicable for EN-DC where 4Rx is not mandatory in the LTE band. On the other hand, sub-type 3b supports 4Rx in both bands which is applicable for both EN-DC and NR-CA. 
The difference between sub-type 4a and 4b is that sub-type 4a supports 4Rx in one band and 2Rx in another band, which is applicable for EN-DC with the same reason as sub-type 3a. On the other hand, sub-type 4b support 4Rx in both bands, which is applicable for both EN-DC and NR-CA.
Since the demodulation performance part defines PDSCH demodulation requirements for NR carrier only, we don’t need to distinguish between 3a and 3b, and 4a and 4b. However as RF/RRM sessions have not decided the UE (sub)-type assumption to define the RF requirements for intra-band non-contiguous EN-DC/NR-CA for 4-layer MIMO case, RAN4 have not concluded the maximum allowed received power difference and time difference between two carriers. We therefore propose to wait for RF/RRM conclusion for 4-layer MIMO case.
Observation 2: RAN4 RF/RRM core parts have not concluded the maximum allowed received power difference and time difference between two carriers for 4-layer MIMO case.
Proposal 2: RAN4 first discuss the PDSCH demodulation requirements for 2Rx UE for intra-band non-contiguous EN-DC/NR-CA deployment, assuming the Type 2 UE, i.e., received power difference up to 25dB and received time difference up to 33us. 
Proposal 3: RAN4 will discuss the PDSCH demodulation requirements for 4Rx UE for intra-band non-contiguous EN-DC/NR-CA deployment after RAN4 RF/RRM conclude the core requirements of the maximum received power difference and received time difference.
2.2	UE demodulation requirements for 2Rx
2.2.1	Intra-band non-contiguous NR-CA
In Rel-16, RAN4 defined PDSCH demodulation requirements for intra-band NR-CA deployment with 6dB power difference between two carriers. The requirements are based on Type 1 UE (See Appendix A.1) where it is assumed the UE shares single RF component (e.g., LNA, mixier) to receive two carriers. In such an RF architecture, UE sets the LO frequency between two carriers in the case of intra-band contiguous/non-contiguous CA, and in this case, the image of one component carrier falls into another component carrier. Considering the Type 1 UE architecture, the purpose of Rel-16 CA power imbalance test is to verify the downlink throughput is not degraded under the condition the power difference between two carriers is 6dB, as shown in Table 2. 
[bookmark: _Ref131451934]Table 2	Existing Rel-16 power imbalanced NR-CA demodulation requirements. 
	Table 5.2A.2.2-4: Minimum performance for TDD CA with 30 kHz SCS
	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port (dBm/Hz)
	Reference value
Fraction of Maximum
Throughput (%)

	
	PCell
	SCell
	PCell
	SCell
	
 for PCell
	
 for Scell
	PCell
	SCell

	1
	Selected Channel bandwidth as per section 5.1.1.6
	Derived as per section 5.1.3.2 of TS 38.214 [12]
	NA
	-112
	-106
	85
	NA






In Rel-16 CA power imbalance requirements, UE is required to achieve 85% of maximum throughput for PCell or SCell in the presence of a stronger SCell or PCell signal on an adjacent frequency. Moreover, throughput is measured on the PCell or SCell only.
Observation 3: The exiting CA power imbalance test is to verify the UE demodulation performance for Type 1 UE, which is assumed to have the shared RF component to receive two carriers.
On the other hand, this WI will define UE demodulation requirements assuming Type 2 UE which is capable for independent RF component to receive two carriers. For this purpose, the test should measure the throughput of both PCell and SCell carriers.
Proposal 4: For Rel-18 intra-band non-contiguous NR-CA in the non-colocated deployment scenario, RAN4 specify the PDSCH demodulation requirements with the SNR to achieve 70% of the maximum throughput for both PCell and SCell to verify Type 2 UE capability with independent RF components. 
According to the RF session, it was agreed to define Type 2 UE signaling for TDD-TDD in Rel-18 [3]. This means RAN4 only need to define PDSCH demodulation requirements for FR1 TDD-TDD scenario. Moreover WID describes the work scope is limited to n77/n78. Therefore, we think it is sufficient to define SCS=30kHz only.
Proposal 5: Define Type 2 UE NR-CA PDSCH demodulation requirement for 2CC CA only, where the combination is FR1 TDD CC with SCS=30kHz and FR1 TDD CC with SCS=30kHz only.
In Rel-16 CA power imbalance test case for Type 1 UE, the channel bandwidths are chosen based on the supported bandwidths in the tested operating band. However since Type 2 UE has independent RF components per carrier, we think the test parameters should be same as the existing PDSCH FRC test with fading channel condition.
Proposal 6: Define Type 2 UE NR-CA PDSCH demodulation requirements as follows: 
	Test number 
	Carrier 
	CBW/SCS
	MCS
	Propagation condition
	Antenna configuration
	Metric
	SNR (dB)

	Test 1
	CC#1 (PCell)
	40MHz / 30kHz
	MCS1 (e.g., 1/2 64QAM, rank 2)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR1 (<SNR2+25dB)

	
	CC#2 (SCell)
	40MHz / 30kHz
	MCS2 (e.g., 1/3 QPSK, rank 1)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR2

	Note 1: 	[30usec] timing difference between PCell and SCell



Regarding the received time difference between two carriers, we propose to set to 30us by reusing the LTE inter-band CA tests (e.g., TS36.101 Table 8.2.1.1.1-4) as described in Note 1.
In this test, RAN4 need to choose MCS1/MCS2 so that the required SNRs to achieve 70% of the maximum throughput between two carriers are within 25dB, that is, SNR1 < SNR2 + 25dB. For example, if we reuse the exiting PDCSH requirements, CC#1 uses 64QAM 1/2 rank 2 (TS38.101-4 Table 5.2.2.2.1-4 Test 2-1, SNR=19.8dB) and CC#2 uses QPSK 1/3 rank 1 (TS38.101-4 Table 5.2.2.2.1-3 Test 1-5, SNR=-0.9dB), then the required SNR difference between two carriers is 20.7dB (19.8 – (-0.9)). 
If we set the requirements with CC#1 SNR >> CC#2 SNR, then it is straightforward to assume CC#1 is PCell and CC#2 is SCell. 
Propose 7: For Type 2 UE NR-CA PDSCH demodulation requirements, set the received time difference between two carriers to 30 us. 
Proposal 8: For Type 2 UE NR-CA PDSCH demodulation requirements, choose MCS1/MCS2 so that the difference of required SNR to achieve 70% of the maximum throughput is less than 25dB.
Proposal 9: For MCS1/2 and required SNR test points for Type 2 UE NR-CA PDSCH demodulation requirements, RAN4 should reuse the existing demodulation requirements to avoid new simulation campaign if possible.
2.2.2	Intra-band non-contiguous EN-DC
In Rel-16, RAN4 also defined PDSCH demodulation requirements for EN-DC with power imbalanced assuming Type 1 UE. As specified in TS38.101-4 9.5B.1 below, the requirements are similar to NR-CA case, but only the PDSCH performance on the NR SCG CC is verified.
	Table 9.5B.1.2.1-2: Minimum performance for TDD EN-DC with 30kHz SCS
	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port (dBm/Hz)
	Reference value
Fraction of Maximum
Throughput (%)

	
	NR SCG CC
	E-UTRA MCG CC
(Note 1)
	NR SCG CC
	E-UTRA MCG CC
	NR SCG CC
	E-UTRA MCG CC
(Note 1)
	NR SCG CC

	1
	Selected EN-DC combination as per the test procedure
	NA
	Derived as per section 5.1.3.2 of TS 38.214 [12]
	-106
	-112
	NA
	85

	Note 1:	The number of E-UTRA MCG carriers depend on the intra-band and inter-band non-contiguous 
EN-DC configuration and bandwidth combination set






Since we assume about 25dB power difference between LTE carrier and NR carrier, it is straightforward to assume the received signal power of LTE MCG CC is higher than that for NR SCG CC to maintain EN-DC operation. We therefore propose to define EN-DC PDSCH demodulation requirements as SNR2 to achieve 70% of maximum throughput for NR SCG PSCell where SNR2 should be about 25dB less than LTE MGC PCell.
Proposal 10: For Type 2 UE EN-DC PDSCH demodulation requirements, only consider the case PSCell is configured with TDD SCS=30kHz in FR1.
Proposal 11: Define Type 2 UE EN-DC PDSCH demodulation requirements as follows: 
	Test number 
	Carrier 
	CBW/SCS
	MCS
	Propagation condition
	Antenna configuration
	Metric
	SNR (dB)

	Test 1
	CC#1 (LTE MCG PCell) 
	10MHz / 15kHz
	TBD
	Static condition
	1x2 (TM1)
	N/A
	SNR2 + [25dB]

	
	CC#2 (NR SCG PSCell)
	40MHz / 30kHz
	MCS2 (e.g., 1/3 QPSK, rank 1)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR2

	Note 1: 	[30usec] timing difference between PCell and PSCell



For MCS2/SNR2 for NR PSCell, we propose to set the same MCS2/SNR2 as NR-CA CC#2. 
Propose 12: For Type 2 UE EN-DC PDSCH demodulation requirements, set the received time difference between two carriers to 30 us.
Proposal 13: For MCS2 and required SNR test points for Type 2 UE EN-DC PDSCH demodulation requirements, set the same MCS2/SNR2 specified in Type 2 UE NR-CA PDSCH demodulation requirements.  
3	Summary
Proposal 1: RAN4 specifies PDSCH demodulation requirements only for the WI intra-band non-colocated EN-DC/NR-CA deployment.
Observation 1: For 2-layer MIMO case, RAN4 has already agreed to use Type 2 UE for intra-band non-contiguous EN-DC and NR-CA in the non-colocated deployment scenario, where the Type 2 UE can receive two carriers with received power imbalance up to 25dB and received time difference up to 33us.
Observation 2: RAN4 RF/RRM core parts have not concluded the maximum allowed received power difference and time difference between two carriers for 4-layer MIMO case.
Proposal 2: RAN4 first discuss the PDSCH demodulation requirements for 2Rx UE for intra-band non-contiguous EN-DC/NR-CA deployment, assuming the Type 2 UE, i.e., received power difference up to 25dB and received time difference up to 33us. 
Proposal 3: RAN4 will discuss the PDSCH demodulation requirements for 4Rx UE for intra-band non-contiguous EN-DC/NR-CA deployment after RAN4 RF/RRM conclude the core requirements of the maximum received power difference and received time difference.
Observation 3: The exiting CA power imbalance test is to verify the UE demodulation performance for Type 1 UE, which is assumed to have the shared RF component to receive two carriers.
Proposal 4: For Rel-18 intra-band non-contiguous NR-CA in the non-colocated deployment scenario, RAN4 specify the PDSCH demodulation requirements with the SNR to achieve 70% of the maximum throughput for both PCell and SCell to verify Type 2 UE capability with independent RF components. 
Proposal 5: Define Type 2 UE NR-CA PDSCH demodulation requirement for 2CC CA only, where the combination is FR1 TDD CC with SCS=30kHz and FR1 TDD CC with SCS=30kHz only.
Proposal 6: Define Type 2 UE NR-CA PDSCH demodulation requirements as follows: 
	Test number 
	Carrier 
	CBW/SCS
	MCS
	Propagation condition
	Antenna configuration
	Metric
	SNR (dB)

	Test 1
	CC#1 (PCell)
	40MHz / 30kHz
	MCS1 (e.g., 1/2 64QAM, rank 2)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR1 (<SNR2+25dB)

	
	CC#2 (SCell)
	40MHz / 30kHz
	MCS2 (e.g., 1/3 QPSK, rank 1)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR2

	Note 1: 	[30usec] timing difference between PCell and SCell



Propose 7: For Type 2 UE NR-CA PDSCH demodulation requirements, set the received time difference between two carriers to 30 us. 
Proposal 8: For Type 2 UE NR-CA PDSCH demodulation requirements, choose MCS1/MCS2 so that the difference of required SNR to achieve 70% of the maximum throughput is less than 25dB.
Proposal 9: For MCS1/2 and required SNR test points for Type 2 UE NR-CA PDSCH demodulation requirements, RAN4 should reuse the existing demodulation requirements to avoid new simulation campaign if possible.
Proposal 10: For Type 2 UE EN-DC PDSCH demodulation requirements, only consider the case PSCell is configured with TDD SCS=30kHz in FR1.
Proposal 11: Define Type 2 UE EN-DC PDSCH demodulation requirements as follows: 
	Test number 
	Carrier 
	CBW/SCS
	MCS
	Propagation condition
	Antenna configuration
	Metric
	SNR (dB)

	Test 1
	CC#1 (LTE MCG PCell) 
	10MHz / 15kHz
	TBD
	Static condition
	1x2 (TM1)
	N/A
	SNR2 + [25dB]

	
	CC#2 (NR SCG PSCell)
	40MHz / 30kHz
	MCS2 (e.g., 1/3 QPSK, rank 1)
	TDLA30-10
	2x2 ULA low
	70% of maximum throughput
	SNR2

	Note 1: 	[30usec] timing difference between PCell and PSCell



Propose 12: For Type 2 UE EN-DC PDSCH demodulation requirements, set the received time difference between two carriers to 30 us.
Proposal 13: For MCS2 and required SNR test points for Type 2 UE EN-DC PDSCH demodulation requirements, set the same MCS2/SNR2 specified in Type 2 UE NR-CA PDSCH demodulation requirements.  
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Appendix 
A.1	Type 1 and Type 2 UE types
	UE Type
	CC#
	antenna / LNA
	Mixer
	Analog BB
	#Rx
	NRCA / ENDC
	power imbalance
	Comments

	1
	1 (NR)
	4 shared
	4 shared
	4 shared
	4Rx
	NR-CA
EN-DC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2 (LTE/NR)
	
	
	
	4Rx
	
	
	

	2
	1 (NR)
	2
	2
	2
	2Rx
	NR-CA
EN-DC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2 (LTE/NR)
	2
	2
	2
	2Rx
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