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1	Introduction
RAN4#106bis-e agreed with the way forward on the UE demodulation requirements for intra-band non-colocated EN-DC/NR-CA deployments [1]. This contribution discusses the open issues based on the way forward. 
2	Discussion
2.1	UE type assumption
RAN4#106bis-e agreed to discuss the UE demodulation requirements for Type 2 UE first. RAN4 also agreed not to define the UE demodulation requirements for Type 3 UE according to the RF/RRM decision. 
	Issue 1-2-1: UE type assumption
Agreement: 
· Discuss the UE demodulation requirements for Type 2 UE first.
· Test scope covers both EN-DC and NR-CA  
· Not define the UE demodulation requirements for Type 3 UE. 
· For UE demodulation requirements for Type 4 UE, depending on the progress of RF discussion.



One of the remaining open issues is whether to consider Type 4 UE for 4 layer MIMO case in this WI. According to the WF from the RF session [2], RAN4#106bis-e agreed to postpone the discussion to the future release, which means RAN4 does not define the UE RF core requirements for Type 4 UE in Rel-18.
	< Issue 3-1-1: Whether to postpone/stop Type 3a/3b UE for 4 layer MIMO case > 
Agreement: 
· RAN4 suggests to postpone Type 3a/3b to future release. 

< Issue 4-3-1: Whether to introduce UE Capability for Type 4a/4b > 
Agreement: 
· Postpone to discuss whether to introduce UE Capability for Type 4a/4b to future release. 



Since the UE demodulation performance requirements are set based on the UE RF/RRM core requirements, RAN4 cannot define Type 4 UE demodulation requirements without the RF core requirements. Therefore, RAN4 should only discuss Type 2 UE for the UE demodulation requirements in this WI.
Observation 1: RAN4 core part does not introduce UE capabilities for Type 3a/3b and Type 4a/4b for 4-layer MIMO case in Rel-18.
Proposal 1: RAN4 only discuss Type 2 UE for the PDSCH demodulation requirements in Rel-18 intra-band non-contiguous EN-DC/NR-CA deployment WI.
2.2	UE demodulation requirements for Type 2 UE
RAN4#106bis-e discussed whether to define the UE demodulation requirements for Type 2 UE or not. 
	Whether to define the corresponding UE demodulation requirements for Type 2 UE
Way forward:
· Option 1: Define new UE demodulation requirements for Type 2 UE for intra-band non-contiguous EN-DC/NR-CA deployment scenario. 
· Interested companies assume the maximum received time difference value (33us) and maximum power imbalance assumption (25dB).
· Option 2: Not define new UE demodulation requirements for Type 2 UE for intra-band non-contiguous EN-DC/NR-CA deployment scenario.



From the UE demodulation performance point of view, RAN4 should consider two factors for Type 2 UE: the maximum power imbalance of 25dB and the maximum received time difference of 33us.
2.2.1	Inter-band non-contiguous EN-DC with overlapping DL bands
For intra-band non-contiguous EN-DC with overlapping DL bands, RAN4 have defined Type 2 UE capability in Rel-16, as shown in the table below (TS38.306).
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	interBandMRDC-WithOverlapDL-Bands-r16
Indicates the UE supports FDD-FDD or TDD-TDD inter-band (NG)EN-DC/NE-DC operation with overlapping or partially overlapping DL bands with an (NG)EN-DC/NE-DC MRTD according to clause 7.6.2/7.6.5 in 38.133 [5] and inter-band RF requirements (i.e Type 2 UE). If the capability is not reported, the UE supports FDD-FDD or TDD-TDD inter-band operation with overlapping or partially DL bands with (NG)EN-DC/NE-DC MRTD<3us according to clause 7.6.3 in 38.133 [5] and intra-band RF requirements (i.e. Type 1 UE).
	BC
	No
	N/A
	FR1 only



To verify the maximum power imbalanced of 25dB, RAN4 RF have defined the UE RF in-band blocking requirements in TS38.101-3 7.6B.2.6, where UE shall satisfy the REFSENS (with 1dB relaxation) under the power difference of 25dB (see A.2 for the detailed requirements).
Observation 2: For Type 2 UE, the maximum received power difference of 25dB in intra-band non-contiguous EN-DC is verified with the existing UE RF in-band blocking test specified in TS38.101-3 7.6B.2.6.
Regarding the received time difference, according to TS38.306, Type 2 UE applies the MRTD specified in TS38.133 7.6.2/7.2.5, which corresponds to inter-band EN-DC/NE-DC. This means, for EN-DC with overlapping bands, e.g., DC_42_n77/n78, MRTD requirements specified for inter-band (synchronous) EN-DC are applied for Type 2 UE. 
RRM has already specified the interruption test in TS38.133 A.4.5.2.1 for the synchronous EN-DC configuration with LTE TDD + NR, and this test sets the receive time difference between E-UTRA PCell and NR PSCell to 33us, which is the same values as the maximum received time difference Type 2 UE can support. 
Observation 3: For Type 2 UE, the maximum received timing difference of 33us in intra-band non-contiguous EN-DC is verified with the existing RRM interruption test specified in TS38.133 (e.g., A.4.5.2.1).
We think Type 2 UE capability for the maximum power difference of 25dB and maximum received time difference of 33us can be verified with the existing UE RF in-band blocking tests and RRM interruption test cases, respectively, for intra-band non-contiguous EN-DC. Therefore We don’t think it is necessary to add the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous EN-DC.
Proposal 2: RAN4 do not define the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous EN-DC scenario in Rel-18.

2.2.2	Intra-band non-contiguous NR-CA
For NR-CA, RAN4#104bis-e agreed to define UE RF In-band blocking requirements based on 25dB power imbalance with 1dB REFSENS relaxation [3].
	< Issue 1-2-1: Power Imbalance and in-band blocking>
Agreements:
· Conclude 25dB power imbalance with 1dB REFSENS relaxation for Type-2 Intra-band non-collocated NR-CA in this meeting



Like the intra-band non-contiguous EN-DC, we think it is possible to verify the UE demodulation performance with the maximum power difference of 25dB with the UE RF in-band blocking tests.
Observation 4: For Type 2 UE, the maximum received power difference of 25dB in intra-band non-contiguous NR-CA can be verified with UE RF in-band blocking test to be specified in Rel-18 TS38.101-1.
Regarding the received time difference for NR-CA, RAN4#106bis-e endorsed the draft CR on RRM requirements for support of intra-band non-collocated EN-DC/NR-CA deployment [4], where it is added the requirements MRTD<33us for UE capable of [intraBandNRCA-NonCollocated-r18], as referred in A.4. RRM session also agreed to specify the interruption requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE as follows [5]:
	Agreements 
· For intra-band CA, the interruption requirements are applied based on the following assumptions  
· Contiguous CCs are within the same sub-block.  
· Non-contiguous CCs are cross different sub-blocks.



This means, for the intra-band non-colocated NR-CA (CA_n77(2A) and CA_n78(2A)), the MRTD requirements specified for inter-band NR-CA is applied for Type 2 UE. Like EN-DC, RAN4 have already defined the interruption tests for NR-CA SCell activation case, where the timing offset between Cell 1 and Cell 2 is set to ‘MRTD’. We think this Scell activation test can verify the maximum time difference capability by setting MRTD=33us.
Observation 5: For Type 2 UE, the maximum received timing difference of 33us in intra-band non-contiguous NR-CA can be verified with UE RRM interruption test specified in TS38.133 (e.g., A.6.5.3.4).
Like EN-DC, we don’t think it is necessary to add the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous NR-CA, because the Type 2 UE capability for the maximum power difference of 25dB and maximum received time difference of 33us can be verified with the new UE RF in-band blocking tests and existing RRM interruption test cases, respectively, for intra-band non-contiguous NR-CA. 
Proposal 3: RAN4 do not define the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous NR-CA scenario in Rel-18.

2.2.3	Applicable tests for Type 2 UE
RAN4 specified the power imbalance test for both NR-CA and EN-DC assuming Type 1 UE, in TS 38.101-4 5.2A.2.2 and 9.5B.1, respectively. For NR-CA case, since this test assumes intra-band contiguous CA only, this WI is not relevant. For EN-DC case, however, TS38.101-4 9.5B.1.2 assumes intra-band non-contiguous EN-DC scenario. To avoid misunderstanding, we propose to clarify the applicability of requirements specified in Clause 9.1.1 so that the intra-band non-contiguous EN-DC power imbalanced test is not applicable for Type 2 UE:
	[bookmark: _Toc21338319][bookmark: _Toc29808427][bookmark: _Toc37068346][bookmark: _Toc37083891][bookmark: _Toc37084233][bookmark: _Toc40209595][bookmark: _Toc40209937][bookmark: _Toc45892896][bookmark: _Toc53176761][bookmark: _Toc61121083][bookmark: _Toc67918279][bookmark: _Toc76298323][bookmark: _Toc76572335][bookmark: _Toc76652202][bookmark: _Toc76653040][bookmark: _Toc83742313][bookmark: _Toc91440803][bookmark: _Toc98849593][bookmark: _Toc106543447][bookmark: _Toc106737545][bookmark: _Toc107233312][bookmark: _Toc107234929][bookmark: _Toc107419899][bookmark: _Toc107477195][bookmark: _Toc114566053][bookmark: _Toc123936365][bookmark: _Toc124377380]9.1.1	Applicability of requirements
[…]
-	For UEs supporting FR1 intra-band contiguous and non-contiguous EN-DC, the requirements applicability is specified in Table 9.1.1-3. For FR1 intra-band non-contiguous EN-DC, this requirement does not apply for the EN-DC configurations if UE indicates interBandMRDC-WithOverlapDL-Bands-r16.
Table 9.1.1-3: Requirements applicability for UE supporting FR1 intra-band and inter-band EN-DC
	
	Inter-band scenarios are not supported 
	UE indicates “interBandContiguousMRDC” (Note 1, Note 2)
	UE does not indicate “interBandContiguousMRDC” (Note 1, Note 3)

	Intra-band scenarios are not supported
	N/A
	Clause 9.5B.1.1 is executed for inter-band EN-DC scenarios
	Clause 9.5B.1.2 is executed for inter-band EN-DC scenarios

	UE does not indicate “intraBandENDC-Support” or UE indicates “both” in “intraBandENDC-Support” (Note 4)
	Clause 9.5B.1.1 is only executed for intra-band EN-DC scenarios
	Clause 9.5B.1.1 is executed for both intra-band and inter-band EN-DC scenarios
	Clause 9.5B.1.1 is only executed for intra-band EN-DC scenarios

	UE indicates “non-contiguous” in “intraBandENDC-Support” (Note 5)
	Clause 9.5B.1.2 is only executed for intra-band EN-DC scenarios
	Clause 9.5B.1.1 is executed for inter-band EN-DC scenarios
	Clause 9.5B.1.2 is executed for both intra-band and inter-band EN-DC scenarios

	Note 1:	Requirements are applicable to intra-band scenarios and only inter-band scenarios from Table 5.5B.4.1-1 of TS 38.101-3 [8] for which Note 4 is applied.
Note 2:	UE supports both intra-band contiguous and non-contiguous EN-DC requirements for supported inter-band EN-DC combinations.
Note 3:	UE supports intra-band non-contiguous EN-DC requirements for supported inter-band EN-DC combinations.
Note 4:	UE supports intra-band contiguous EN-DC, or both intra-band contiguous and non-contiguous EN-DC for supported intra-band EN-DC combinations.
Note 5:	UE supports only intra-band non-contiguous EN-DC for supported intra-band EN-DC combinations.






Proposal 4: Add the following sentence in TS38.101-4 clause 9.1.1 to clarify the intra-band non-contiguous EN-DC power imbalanced test is not applicable for Type 2 UE.
· For FR1 intra-band non-contiguous EN-DC, this requirement does not apply for the EN-DC configurations if UE indicates interBandMRDC-WithOverlapDL-Bands-r16.

3	Summary
Observation 1: RAN4 core part does not introduce UE capabilities for Type 3a/3b and Type 4a/4b for 4-layer MIMO case in Rel-18.
Proposal 1: RAN4 only discuss Type 2 UE for the PDSCH demodulation requirements in Rel-18 intra-band non-contiguous EN-DC/NR-CA deployment WI.
Observation 2: For Type 2 UE, the maximum received power difference of 25dB in intra-band non-contiguous EN-DC is verified with the existing UE RF in-band blocking test specified in TS38.101-3 7.6B.2.6.
Observation 3: For Type 2 UE, the maximum received timing difference of 33us in intra-band non-contiguous EN-DC is verified with the existing RRM interruption test specified in TS38.133 (e.g., A.4.5.2.1).
Proposal 2: RAN4 do not define the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous EN-DC scenario in Rel-18.
Observation 4: For Type 2 UE, the maximum received power difference of 25dB in intra-band non-contiguous NR-CA can be verified with UE RF in-band blocking test to be specified in Rel-18 TS38.101-1.
Observation 5: For Type 2 UE, the maximum received timing difference of 33us in intra-band non-contiguous NR-CA can be verified with UE RRM interruption test specified in TS38.133 (e.g., A.6.5.3.4).
Proposal 3: RAN4 do not define the dedicated Type 2 UE demodulation requirements for intra-band non-contiguous NR-CA scenario in Rel-18.
Proposal 4: Add the following sentence in TS38.101-4 clause 9.1.1 to clarify the intra-band non-contiguous EN-DC power imbalanced test is not applicable for Type 2 UE.
· For FR1 intra-band non-contiguous EN-DC, this requirement does not apply for the EN-DC configurations if UE indicates interBandMRDC-WithOverlapDL-Bands-r16.
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Appendix 
A.1	UE type candidates for non-colocated NR-CA/EN-DC deployment scenario
	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
	
	
	

	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
	
	
	



A.2	UE RF In-band blocking requirements for EN-DC (TS38.101-3 V18.1.0)

	[bookmark: _Toc76720484][bookmark: _Toc76719964][bookmark: _Toc76454544][bookmark: _Toc67938938][bookmark: _Toc61376658][bookmark: _Toc61376246]7.6B.2.6	Power imbalance for type 2 UE of inter-band EN-DC with overlapping DL bands
Power imbalance requirement is a measure of the receiver’s ability to receive a wanted signal (LTE or NR) in the presence of another carrier signal (NR or LTE) with 25dB power imbalance at a pecific frequency offset from the wanted signal.
Power imbalance requirement in this subclause is only applicable for EN-DC type 2 UE indicating capability interBandMRDC-WithOverlapDL-Bands-r16.
For these test parameters in table 7.5B.6-1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.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 in 38.101-1).
Table 7.6B.2.6-1: Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship
(Center of BWanother Relative to edge of BWwanted)

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	NOTE 1:	For NR carrier, the transmitter shall be set to 24dB below PCMAX_L,f,c,NR at the minimum uplink configuration specified in Table 7.3.2-3 [2] with PCMAX_L,f,c,NR as defined in clause 6.2B.4.
NOTE 2:	For E-UTRA carrier, the transmitter shall be set to 24 dB below PCMAX_L_E-UTRA,c at the minimum uplink configuration specified in Table 7.3.1-2 [4] with PCMAX_L_E-UTRA,c as defined in clause 6.2B.4 for single carrier.
NOTE 3:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another carrier with overlapping DL bands






A.3	UE RRM interruption requirements for EN-DC (TS38.133, V18.1.0)
	A.4.5.2	Interruption
[bookmark: _Toc383691579]A.4.5.2.1	E-UTRAN – NR FR1 interruptions at transitions between active and non-active during DRX in synchronous EN-DC 
[bookmark: _Toc383691580]A.4.5.2.1.1	Test Purpose and Environment
The purpose of this test is to verify that when LTE PCell is in DRX and NR PSCell is in non-DRX, NR PSCell interruptions due to transitions from active to non-active and from non-active to active during LTE PCell DRX the UE missed ACK/NACK does not exceed the limits. This test will verify the missed ACK/NACK rate for NR PSCell in EN-DC specified in TS38.133 clause 8. 2.1.2. Supported test configurations are shown in table A.4.5.2.1.1-1.
[…]
Table A.4.5.2.1.1-1: Interruption at transitions between active and non-active during DRX supported test configurations
	Config
	Description

	1
	LTE FDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	LTE FDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	LTE FDD, NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	4
	LTE TDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	5
	LTE TDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	6
	LTE TDD, NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note: 	The UE is only required to be tested in one of the supported test configurations



[…]
Table A.4.5.2.1.1-3: NR cell specific test parameters for E-UTRAN – NR FR1 interruptions at transitions between active and non-active during DRX in synchronous EN-DC
	Parameter
	Unit
	Cell2

	...
	...
	…

	Time offset to Cell1 Note 4
	s
	33

	Propagation Condition 
	
	AWGN

	Note 4:	Receive time difference of signals received between subframe timing boundary of E-UTRA PCell and slot timing boundary of PSCell at the UE antenna connector including time alignment error between the two cells






A.4	MRTD requirements for type 2 UE in intra-band non-contiguous NR-CA [4]. 
	7.6.4	Minimum Requirements for NR Carrier Aggregation
[…]
[bookmark: _Hlk134539960]For FR1 intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference as shown in 7.6.4-2, between slot timing of different FR1 carriers to be aggregated at the UE receiver provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18].
[…]
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.






A.5	UE RRM interruption requirements for EN-DC (TS38.133, V18.1.0)
	A.6.5.3.4	Direct SCell activation at SCell addition of known SCell in FR1
A.6.5.3.4.1	Test Purpose and Environment
The purpose of this test is to verify fulfillment of direct SCell activation delay and interruption requirements at SCell addition as defined in clause 8.3.4 and 8.2.2, respectively. The supported test configurations are shown in Table A.6.5.3.4.1-1.
[…]
Table A.6.5.3.4.1-1: Supported test configurations
	Config
	Description

	1
	NR 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	NR 30kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note:	The UE is only required to be tested in one of the supported test configurations



Table A.6.5.3.4.1-2: General test parameters 
	Parameter
	Unit
	Value
	Comment

	...
	...
	...
	…

	Timing offset between Cell 1 and Cell 2
	s
	 MRTD
	The value of maximum timing offset depends upon the carrier aggregation scenario.
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