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1. Introduction
In RAN#95e meeting, a new WI is approved which focused on non-collocated FR1 inter-band EN-DC with overlapping DL bands and FR1 intra-band NR-CA deployment scenarios, while further revised in RAN#97 as [1]. As agreed in the work plan [2], the RRM part of discussion, particularly on MRTD and MTTD requirement shall be initiated from RAN4#105, i.e., this meeting. 
As required in WID, the detailed objectives on RRM relevant topics are provided in WID [2] as follows:   
	· Phase I:
· Study the feasibility to support non-co-located scenarios for both FR1 inter-band EN-DC with overlapping and FR1 intra-band non-contiguous EN-DC/NR-CA, except for 2-layer case of EN-DC with supporting the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 already specified in Rel-16 and Rel-17.
· Investigate the tolerable power imbalance between carriers
· Investigate the required arrival time difference between CCs
· [bookmark: _Hlk105539516]Investigate the additional impacts of contiguous case, if time units are available.  
· Evaluate the UE performance under the power imbalance and arrival time difference
· Discuss and decide reference UE architecture considering the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 for 2-layer MIMO case for NR-CA, and 4-layer MIMO case for both EN-DC/NR-CA
· [bookmark: _Hlk105539888]NOTE 1: For UE capable of supporting 2-layer MIMO, only assuming power imbalance 25dB
· [bookmark: _Hlk105540074][bookmark: _Hlk105538972]NOTE 2: For UE capable of supporting 4-layer MIMO, 2-layer MIMO power imbalance assumption can be considered as a base line but another value or the same power imbalance with different throughput performance requirement is not precluded.
· NOTE 3: RAN4 is recommended to start the work on 2-layer first and after that start 4-layer work based on the conclusion of 2-layer work.
· Work is limited to CA/EN-DC for EN-DC/NR-CA for bands 42, n77/n78
· Investigate whether the power imbalance should be explicitly (e.g. as an RF requirement) or implicitly specified (e.g. through a demodulation performance test). Specify the power imbalance based on the outcome of the investigation.
· If any change in RAN1 or RAN2 spec is needed, it will be triggered by RAN4 LS
· Phase II: 
· Phase II work will get started after the feasibility in phase I is confirmed
· Specify MRTD and MTTD requirements in non-collocated deployment
· Discuss and decide if the different requirements will be specified based on UE capability of interBandMRDC-WIthOverlapDL-Bands-r16.


From RAN4#104-e meeting (Aug., 2022), RF aspects on intra-band non-collocated EN-DC/NR-CA have been discussed for three meetings, with four WFs approved [3][4][5][6]. Furthermore, the RRM aspects have been discussed in RAN4#105, with WF approved [7]. Based on our analysis in last meeting [8], in this contribution, we would like to further share our analysis and viewpoints on RRM aspects for intra-band non-collocated EN-DC/NR-CA.  
2. Rel-15 Inter-band EN-DC/NE-DC with overlapping DL bands and Intra-band NR CA
2.1 Rel-15 Inter-band EN-DC/NE-DC with overlapping DL bands
Firstly, it should be noted that the terminology “intra-band EN-DC” cause confusion, which has been corrected. The band combination under discussion is EN-DC band combination DC_42_n77: Because of the different band numbering systems for NR and LTE, DC_42_n77 is inter-band EN-DC with overlapping DL bands but essentially equivalent to intra-band EN-DC. This has been identified in RAN4#104-e (agreement in [4]) and the wording in WID has also been corrected in RAN#97-e. 
The discussion on the necessity of non-collocated inter-band EN-DC with overlapping DL bands deployment can date back to Rel-15, during which operators proposed the possible non-collocated scenario, while due to time limitation RAN4 concluded the simple assumption, i.e., “only co-located deployment” is allowed. Accordingly, the following restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for inter-band EN-DC with overlapping DL bands: (1) MRTD ＜3us; (2) Power imbalance between downlink carriers is no larger than 6dB. 
Observation 1: For Rel-15 UE supporting inter-band EN-DC/NE-DC with overlapping DL bands: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable.  
Next, we would like to examine the existing RAN4 requirement to clarify why 3us MRTD (captured in the clause for intra-band EN-DC) is applicable for Rel-15 Inter-band EN-DC with overlapping DL bands. Specifically, this can be based on the following clause in TS38.101-3: 
	[bookmark: _Toc21345413][bookmark: _Toc29806262][bookmark: _Toc37255795][bookmark: _Toc37256136][bookmark: _Toc45889973][bookmark: _Toc52381798][bookmark: _Toc61374897][bookmark: _Toc67936248][bookmark: _Toc67937121][bookmark: _Toc76452357][bookmark: _Toc76630200][bookmark: _Toc83742760][bookmark: _Toc83886874][bookmark: _Toc83887674]5.5B.4.1	Inter-band EN-DC configurations within FR1 (two bands)
Table 5.5B.4.1-1: Inter-band EN-DC configurations within FR1 (two bands)
	[bookmark: _Hlk516090533]EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed

	...

	DC_42A_n77A3,4,9
DC_42A_n77C3,4,9
DC_42C_n77A3,4,9
DC_42C_n77C3,4,9
DC_42D_n77A3,4,9
DC_42E_n77A3,4,9
	N/A
	N/A

	DC_42A_n78A3,4,9
DC_42A_n78C3,4,9
DC_42C_n78A3,4,9
DC_42C_n78C3,4,9
DC_42D_n78A3,4,9
DC_42E_n78A3,4,9
	N/A
	N/A

	...

	...
NOTE 3:	The minimum requirements apply only when there is non-simultaneous Tx/Rx operation between E-UTRA and NR carriers. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.
NOTE 4:	The minimum requirements for intra-band non-contiguous EN-DC apply. When UE capability interBandContiguousMRDC is indicated, the minimum requirements for intra-band-contiguous EN-DC also should be met in addtion to intra-band non-contiguous EN-DC. The intra-band requirements also apply for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.
...
NOTE 9:	The combination is not used alone as fall back mode of other band combinations in which UL in Band 42 is not used.
...






Observation 2: With the clarification in Note 4 of Table 5.5B.4.1-1 in TS38.101-3, for the band combo of DC_42_77 or DC_42_78, the minimum requirements for intra-band non-contiguous EN-DC apply. 
Observation 3: With the clarification note in TS38.101-3 for DC_42_77 or DC_42_78, the applicable requirement for Rel-15 UE supporting inter-band EN-DC with overlapping DL bands shall be the below highlighted clause in section 7.6.3 of TS38.133: 
	7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only co-located deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation [2].
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.3-1 for E-UTRA FDD-NR FDD and E-UTRA TDD-NR TDD intra-band EN-DC provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16]. 
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.






Proposal 1: RAN4 shall acknowledge the clarification note in TS38.101-3 is the basis for 3us MRTD requirement (defined in section 7.6.3) being applicable for Rel-15 UE for DC_42_77 or DC_42_78 (i.e., inter-band EN-DC/NE-DC with overlapping DL bands). 
2.2 Rel-15 Intra-band NR CA
Similarly for intra-band NR-CA, only co-located deployment is assumed, and the restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for intra-band NR-CA.
Observation 4: For Rel-15 UE supporting intra-band NR-CA: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable for intra-band non-contiguous NR-CA.  
3. Rel-16/17 Inter-band EN-DC/NE-DC with overlapping DL bands for non-collocated deployment
In Rel-16, RAN2 has introduced the following UE capability, i.e., interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 UE which indicates 2 layer/2 Rx Chain per CC supported for non-collocated EN-DC or NE-DC), based on RAN4’s Feature List input (R4-2016850, as below Table 1a), while the corresponding RAN4 RF requirement has only been introduced in Rel-16 TS38.101-3 (in the time frame of Rel-17). Specifically, 25dB power imbalance and 1dB REFSENS relaxation for Type-2 UE in-band blocking requirements of inter-band EN-DC with overlapping DL bands have been specified in TS38.101-3. 
Table 1a. UE Feature List corresponding to IE interBandMRDC-WithOverlapDL-Bands-r16

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	2-19
	FDD-FDD or TDD-TDD inter-band MR-DC with overlapping or partially overlapping DL spectrum
	Type 1 UE: supports FDD-TDD or TDD-TDD inter-band operation with overlapping or partially DL bands with MRTD<3us and intra-band EN-DC requirements apply.
Type 2 UE: supports FDD-TDD or TDD-TDD inter-band operation with overlapping or partially overlapping DL bands with an MR-DC MRTD according to clause 7.6.2 in 38.133 and applicable inter-band RF requirements.

If absent the UE is a type 1 UE.
	
	Yes
	N/A
	UE only supports FDD-FDD or TDD-TDD inter-band operations with overlapping or partially DL bands with MRTD<3us and intra-band EN-DC requirements apply
	Per band combination
	N/A
	FR1 only
	N/A
	
	Optional with capability signalling



Table 1b. UE capability for IE interBandMRDC-WithOverlapDL-Bands-r16
[image: ]
For RRM requirement, the clause in TS38.306 have removed the MRTD<3us restriction for Type-2 EN-DC UE. However, which requirement shall be applicable for Type 2 EN-DC UE is not fully clarified. Based up the following RAN4 agreement in RAN4#105 [7], the MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type-2 UE shall be 33 and 35.21us respectively: 
	Issue 1-2-2: MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· MRTD=33us
· MTTD=35.21us
Issue 1-2-4: MRTD/MTTD requirement applicability for Rel-15/16/17 UE:
· Proposals
· Option 1: 
· FFS the applicability of existing MRTD/MTTD requirements for different UE capabilities, i.e. UE supporting interBandMRDC-WithOverlapDL-Bands-r16 or not.
· FFS whether to have further clarification in the spec.



Next question (as agreed in WF [7] under Issue 1-2-4) will be: whether/how the Rel-16 RRM requirement shall be revisit to match RAN2 spec TS38.306 and the above agreement in [7]. Here we propose to have the following text proposal to clarify. 
Proposal 2: The following text proposals for MTTD/MRTD are captured in TS38.133 from Rel-16, to clarify Type-2 UE supporting Inter-band EN-DC with overlapping DL bands for non-collocated synchronous deployment. 
	7.5.2.1	Minimum Requirements for inter-band synchronous EN-DC
The requirements in this clause apply as a reference for inter-band synchronous EN-DC.
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell for inter-band synchronous EN-DC as shown in Table 7.5.2.1-1 1. The requirements for synchronous EN-DC are applicable for E-UTRA TDD-NR TDD, E-UTRA FDD-NR FDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR TDD inter-band EN-DC.
For non-collocated E-UTRA TDD-NR TDD inter-band synchronous EN-DC with overlapping DL bands, the UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2.1-1 provided that UE indicates that it is capable of interBandMRDC-WithOverlapDL-Bands-r16, and in Table 7.5.3-1 provided that it is not capable of interBandMRDC-WithOverlapDL-Bands-r16. 
Table 7.5.2.1-1 Maximum uplink transmission timing difference requirement for inter-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	35.21

	15
	30
	35.21

	15
	60
	35.21

	15
	120
	35.21



<unchanged content omitted>
7.6.2.1	Minimum Requirements for inter-band synchronous EN-DC
The requirements in this clause apply as a reference for inter-band synchronous EN-DC.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from an E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to SCG at the UE receiver for inter-band synchronous EN-DC as shown in Table 7.6.2.1-1. The requirements for synchronous EN-DC are applicable for E-UTRA TDD-NR TDD, E-UTRA FDD-NR FDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR TDD inter-band EN-DC. 
For non-collocated E-UTRA TDD-NR TDD inter-band synchronous EN-DC with overlapping DL bands, the UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.2.1-1 provided that UE indicates that it is capable of interBandMRDC-WithOverlapDL-Bands-r16, and in Table 7.6.3-1 provided that it is not capable of interBandMRDC-WithOverlapDL-Bands-r16. 
Table 7.6.2.1-1: Maximum receive timing difference requirement for inter-band synchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note1)
	Maximum receive timing difference (µs)

	15
	15
	33

	15
	30
	

	15
	60
	

	15
	120
	

	Note 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.





 
Proposal 3: Similar text proposals for MTTD/MRTD are captured in TS38.133 from Rel-16 for Type 2 NE-DC UE. 
4. Rel-18 Intra-band Non-collocated NR-CA Type-2 UE
For Type-2 NR-CA UE (i.e., supporting intra-band non-contiguous NR-CA with 2-layer MIMO per CC), based on the following the RAN4 agreement achieved in RAN4#105 [7], the requirement shall be specified: 
	[bookmark: _Hlk126846521]Issue 1-2-1: MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· MRTD=33us
· MTTD=34.6us



Proposal 4: The following text proposals for MTTD/MRTD are captured in Rel-18 TS38.133 for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE. 
	7.5.4	Minimum Requirements for NR Carrier Aggregation
The UE shall be capable of handling at least a relative transmission timing difference between slot timing of all pairs of TAGs in FR1 and/or FR2-1 as shown in Table 7.5.4-1, provided that the UE is:
-	configured with the pTAG and the sTAG for inter-band NR carrier aggregation in SA or NR-DC mode, or
-	configured with more than one sTAG for inter-band NR carrier aggregation in EN-DC or NE-DC mode.
The UE shall be capable of handling at least a relative transmission timing difference between subframe timing of all pairs of TAGs between FR1 and FR2-2 as shown in Table 7.5.4-1, provided that the UE is:
-	configured with the pTAG and the sTAG for inter-band NR carrier aggregation in SA or NR-DC mode.
[bookmark: _Hlk127091595]For FR1 intra-band non-contiguous NR carrier aggregation with non-collocated deployment, the UE shall be capable of handling at least a relative transmission timing difference 34.6µs between slot timing of all pairs of TAGs provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18].
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	26.1

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



<unchanged content omitted>
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band contiguous CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation with co-located deployment, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
[bookmark: _Hlk127091726]For FR1 intra-band non-contiguous NR carrier aggregation with non-collocated deployment, the UE shall be capable of handling at least a relative receive timing difference 33µs between slot timing of different carriers to be aggregated at the UE receiver provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18].
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2-1
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



For inter-band NR carrier aggregation, 
-	the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers in FR1 and FR2-1 to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
-	the UE shall be capable of handling at least a relative receive timing difference between subframe timing of all pairs of carriers in FR1 and FR2-2 to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
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.






5. Rel-18 Non-collocated EN-DC/NR-CA for New Type UE for 4-Layer MIMO case
In RAN4#105 RF session, it is agreed to discuss both RRM requirement (MRTD and TAE) and RF requirement (mainly power imbalance) in joint session in RAN4#106 and treat them in one email thread for e-meeting [6], due to the mutual impact among them. And below table is agreed for the architecture reference. 
	UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	2
	1
	2
	4
total
	2
	2
	2Rx
	NRCA
ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	

	[3a]
	1
	4
shared
	4
	4
	4Rx
	ENDC
	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
	
	2
	2
	2Rx
	
	
	

	[3b]
	1
	4
shared
	4
	4
	4Rx
	NRCA
ENDC
	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
	
	4
	4
	4Rx
	
	
	

	[4a]
	1
	4
	6
total
	4
	4
	4Rx
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	

	[4b]
	1
	4
	8
total
	4
	4
	4Rx
	NRCA
ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	



Furthermore, as we illustrated in our paper for RF analysis, for Type-3b architecture which could be applicable for both EN-DC and NR-CA deployment, in terms of 2-CC scenario, CC1 and CC2 have to share the RF LNA (multiple gain mode) which may call for more RF requirement relaxation, especially when one CC is close to maximum input level, the common RF LNA has to be set to full attenuation mode which may lead to the other CC cannot be well amplified and the signal is out of ADC saturation range, correspondingly more Rx requirement relaxation can be discussed in case power imbalance is defined as 25dB. Similarly for Type-3a UE.


Figure 1: Illustration for Type-3b UE architecture
From RRM perspective, MRTD shall include the TAE at BS TX and the required propagation delay difference at UE receiver. We acknowledge that MRTD＜CP could be a strong condition which make the common LNA gain switching be accommodated in the CP duration while no signal distortion on the duration of useful OFDM symbol. However, MRTD＜CP is too restrictive for non-collocated deployment. By assuming 3us TAE, it is already larger than CP when SCS is 30KHz or 60KHz, as below Table 2 shown. As explained in our RF paper, we think the Rx requirement relaxation can compensate the signal distortion if it could be assessed, and the assessment need to take many factors into account such as how many gain modes (AGC steps) are assumed, how much dB above REFSENS the first common RF AGC attenuation step is activated in current operation, the SNR loss, etc.

Table 2: SCS and corresponding CP length
	Parameter/Numerlogy
	0
	1
	2

	SCS (KHz)
	15
	30
	60

	CP length (us)
	4.69
	2.34
	1.17



Observation 5: TAE is assumed as 3us in TS38.133, which is already larger than CP for SCS=30 or 60 KHz
Observation 6: MRTD＞CP is the more practical assumption for Type-3 UE. 
Proposal 5: Joint session to evaluate the Rx requirement relaxation under 25dB power imbalance could be assessed for Type-3 UE, to compensate the signal distortion under the assumption MRTD＞CP.

6. Conclusion
In this contribution, we provided our viewpoints on the RRM aspects for this work item, accordingly the following observations and proposals are obtained: 

For Rel-15 Inter-band EN-DC with overlapping DL bands:
Observation 1: For Rel-15 UE supporting inter-band EN-DC/NE-DC with overlapping DL bands: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable.  
Observation 2: With the clarification in Note 4 of Table 5.5B.4.1-1 in TS38.101-3, for the band combo of DC_42_77 or DC_42_78, the minimum requirements for intra-band non-contiguous EN-DC apply. 
Observation 3: With the clarification note in TS38.101-3 for DC_42_77 or DC_42_78, the applicable requirement for Rel-15 UE supporting inter-band EN-DC with overlapping DL bands shall be the below highlighted clause in section 7.6.3 of TS38.133: 
Proposal 1: RAN4 shall acknowledge the clarification note in TS38.101-3 is the basis for 3us MRTD requirement (defined in section 7.6.3) being applicable for Rel-15 UE for DC_42_77 or DC_42_78 (i.e., inter-band EN-DC/NE-DC with overlapping DL bands). 

For Rel-15 Intra-band NR CA: 
Observation 4: For Rel-15 UE supporting intra-band NR-CA: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable for intra-band non-contiguous NR-CA.  

For Rel-16/17 Inter-band EN-DC with overlapping DL bands for non-collocated deployment:
Proposal 2: The following text proposals for MTTD/MRTD are captured in TS38.133 from Rel-16, to clarify Type-2 UE supporting Inter-band EN-DC with overlapping DL bands for non-collocated synchronous deployment. 
	7.5.2.1	Minimum Requirements for inter-band synchronous EN-DC
...
For non-collocated E-UTRA TDD-NR TDD inter-band synchronous EN-DC with overlapping DL bands, the UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2.1-1 provided that UE indicates that it is capable of interBandMRDC-WithOverlapDL-Bands-r16, and in Table 7.5.3-1 provided that it is not capable of interBandMRDC-WithOverlapDL-Bands-r16. 
<unchanged content omitted>
7.6.2.1	Minimum Requirements for inter-band synchronous EN-DC
...
For non-collocated E-UTRA TDD-NR TDD inter-band synchronous EN-DC with overlapping DL bands, the UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.2.1-1 provided that UE indicates that it is capable of interBandMRDC-WithOverlapDL-Bands-r16, and as shown in Table 7.6.3-1 provided that it is not capable of interBandMRDC-WithOverlapDL-Bands-r16. 


Proposal 3: Similar text proposals for MTTD/MRTD are captured in TS38.133 from Rel-16 for Type 2 NE-DC UE. 

For Rel-18 Intra-band Non-collocated NR-CA Type-2 UE:
Proposal 4: The following text proposals for MTTD/MRTD are captured in Rel-18 TS38.133 for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE. 
	7.5.4	Minimum Requirements for NR Carrier Aggregation
...
For FR1 intra-band non-contiguous NR carrier aggregation with non-collocated deployment, the UE shall be capable of handling at least a relative transmission timing difference 34.6µs between slot timing of all pairs of TAGs provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18].
<unchanged content omitted>
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band contiguous CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation with co-located deployment, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
For FR1 intra-band non-contiguous NR carrier aggregation with non-collocated deployment, the UE shall be capable of handling at least a relative receive timing difference 33µs between slot timing of different carriers to be aggregated at the UE receiver provided that UE indicates that it is capable of [intraBandNRCA-NonCollocated-r18].
...



For Rel-18 Non-collocated EN-DC/NR-CA for New Type UE for 4-Layer MIMO case:
Observation 5: TAE is assumed as 3us in TS38.133, which is already larger than CP for SCS=30 or 60 KHz
Observation 6: MRTD＞CP is the more practical assumption for Type-3 UE. 
Proposal 5: Joint session to evaluate the Rx requirement relaxation under 25dB power imbalance could be assessed for Type-3 UE, to compensate the signal distortion under the assumption MRTD＞CP.


7. Reference
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[3] R4-2214458, “WF on NonCol_intraB_ENDC_NR_CA”, KDDI, RAN4#104-e.
[4] R4-2217733, “WF on NonCol_intraB_ENDC_NR_CA for NR-CA Type-2 UE”, KDDI, RAN4#104-bis-e.
[5] R4-2217734, “WF on NonCol_intraB_ENDC_NR_CA for NR-CA and EN-DC New Type UE”, KDDI, RAN4#104-bis-e.
[6] R4-2220537, “WF on the requirement for intra-band non-collocated CA/EN-DC”, KDDI, RAN4#105. 
[7] R4-2220398, “WF on RRM requirements for intra-band non-collocated EN-DC/NR-CA”, Huawei, HiSilicon, Samsung, RAN4#105. 
[8] R4-2219286, “Discussion on RRM requirements for intra-band non-collocated EN-DC/NR-CA deployment”, Samsung, RAN4#105. 
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