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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In this contribution we analyze the options listed in [1] section 8.3.7.
2	Discussion
In RAN4#99-e the following was listed and approved in RRM Chairman’s minutes of meeting:
	
Agreements:
· Define MRTD and RRM requirements for CBM capable UEs based on co-located deployment scenarios only. 
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs.
· Note: this does not imply that MRTD requirements will be defined based on intra-band CA assumptions
…
Agreements:
· Candidate options
· Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA
· Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us (Intel, NEC)
· Option 3: MRTD = 260ns (Vivo, Apple, Intel, OPPO, Xiaomi, Qualcomm, LG, MTK)
· Option 4: MRTD = 3us (NEC, Ericsson, Nokia, Huawei, Docomo, Softbank, AT&T, Verizon, ZTE)
· Other options are not precluded
· Note 1: Decision shall be made in RAN4 #99-e
· Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance


2.1	MRTD from UE perspective for co-located deployments
2.1.1	Beam switch, general case
Scheduling restrictions have been discussed as the ultimate consequence of keeping MRTD = 3 µs, as per existing specification. However, there are many chained conditions to consider before scheduling restrictions are needed. In general, we have to have:
1. A Band combination where the inter band CA combination bands are not so well separated that the channel models and propagation are significantly different.
2. A Band combination that allows CBM (and where it would make sense to restrict to CBM).
3. A UE indicating only capable of CBM for the specific inter band CA band combination.
4. The network is deployed as co-located (a pre-requisite for supporting CA for CBM restricted UEs, refer to Section 3 for further details).
5. A beam switch or change is still needed, despite network deployed as co-located.
6. There will be no available time occasion in DL (or UL as well for that matter) where the UE could safely perform a beam switch within CP. If both carriers are not full then there might still exist opportunities to switch. What is the likelihood of both carriers full, at all times? Even if both carriers are active, there are possibilities to use the DL to UL guard. One such opportunity is developed in section 2.2 below. 
7. If it is not possible to mitigate effects of the beam switch during actual transmission/reception, then consequences would be dependent on how frequent beam switch would occur.
8. If it is not possible to mitigate effects of beam switch during transmission/reception and if happens to frequent then consequences would be dependent beam switch time compared to symbol time 
Observation-1: There are many options before scheduling restrictions are needed, like available time in UL and DL (if carriers not full) and UL to DL switch, where UE could safely switch beams.
2.1.2 	Beam switch during DL to UL guard period.
In a general TDD system we have for the UE to UE interference, at the down link to up link switching point, the following situation [2].


[bookmark: _Ref47291627]Figure 1: UE-to-UE interference at DL to UL switch
The guard period in the DL to UL switch must include sufficient time for:
· Time synchronization error (TSync) between UE´s connected to different base stations, in this case UE A is TSync early in relation to UE B. UE A waits at least TSync before ramping its transmitter. 

· Transition time for turning on the transmitter (TUE off on).
· The time relates to a specified TX OFF level 

· Propagation time between base station and UE´s at cell edge (Tprop_cell_edge). 

To simplify and to get a direct relation towards cell edge we define this as LOS propagation and multiply with a NLOS path compensation factor αNLOS (αNLOS >1).  

In Figure 1, a small distance and thereby small propagation time between the UEs (Tprop_UE2UE ~0) is a disadvantage both from a timing view (the interference from UE A would arrive “earlier” at UE B) and from an interference view (short distance also means higher level of interference). Also, early UL transmission of aggressor UE A (large TA) and late DL reception of UE B is a disadvantage timing wise i.e. worst situation is when UEs at cell edge and close to each other (motivation why Tprop_UE2UE not subtracted in formula below). 
· TDL_UL ≥ TSync +TUE off on + αNLOS *2*Tprop_cell edge	(UE2UE-DL2UL)

To summarise: For TDD the UL transmission after DL reception can anyway not start until after 3 µs after its last DL reception (assuming worst case operating at cell edge with max dimension RF propagation , even more time if closer). This is needed to prevent UE2UE TDD inter cell interference. Then, after this, there is an allowed specified TX transient. In our case of collocated TDD for Carrier aggregation we have TSync = TAE = 3 µs and the transient TUEoff->on = 5 µs, for FR2. The guard period component TDL_UL must consider the cell size for proper dimensioning, i.e. Tprop_cell_edge ≠ 0. However, this means that we have at least TSync + TUEoff->on = 3 + 5 µs = 8 µs of TDL-UL guard period and a beam switch change would not impact reception of another 3 µs late DL carrier.
Observation-2: A beam switch could be performed safe within the DL2UL guard if properly performed.
[bookmark: _Ref47448875]2.2	MRTD from network perspective for co-located deployments
MRTD from network perspective for co-located deployments can be analysed starting from the fact that we have:
MRTD = TAE + Δ_propagation_time
where Δ_propagation_time is the relative propagation time difference from the gNBs to the UE. 
This means that MRTD ≥ TAE. If the cannels of the different bands of the Component Carriers (CC) are sufficiently close together to have the same channel model and propagation, the band combination signals that CBM is allowed and the UE is only capable of CBM (Section 2.1), then we can assume co-location. Then Δ_propagation = 0 and MRTD = TAE. We have TAE = 3 µs for inter-band CA in existing specification. This gives us an MRTD of 3 µs.
Even smaller MRTD means smaller TAE for the collocated case. Operator network deployment of transmission network presuppose existing TAE = 3 µs for CA inter-band and a restriction to smaller TAE would imply operator cost, in order to reconfigure transmission network to meet and maintain new stricter TAE, since a new, stricter TAE, is not compatible with existing requirements. So, we propose as follows: 
[bookmark: _Hlk47292503]Proposal-1: Any change in MRTD should not impact already defined BS TAE of 3 µs for FR2 inter-band CA; i.e. keep Rel-15 values for BS TAE unchanged.
In option 2, it is proposed to introduce UE capability to support MRTD = 260 ns and MRTD = 3 µs. This fulfils proposal-1 above and offers a procedure, since a capability, to handle the case when the UE is not able to set up CA. This can happen, for instance, when the network is deployed assuming TAE = 3 µs and the UE capability states that the UE can only handle MRTD = 260 ns. However we see a risk that if most UE opt for MRTD = 260 ns capability only and this option becomes a de facto option 3, MRTD = 260ns. 
Observation-3: We see a risk that if most UE opt for MRTD = 260 ns capability only and option 2 becomes a de facto option 3, MRTD = 260ns. 
When it comes to the note “Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance” we do not see significant implementation simplifications of better site and transmission equipment re-use if we got to TAE = 520 ns.
Observation-4: We do not see significant implementation simplifications of better site and transmission equipment re-use if we got to TAE = 520 ns.
We therefore have:
Proposal-2: 
· The beam management is implementation dependent, thus not applicable to all UEs and to all band combinations.
· The relevant UEs should be identified and distinguished (e.g. via capability indication, etc.) and the restrictions shall not be applied (e.g. deployment restrictions, etc.) for all UEs and all band combinations for the future of NR.
· An agreed and approved UE capability indication, as in the bullet above, is a precondition for proposals in this document.
Proposal-3: Define MRTD for inter-band FR2 NR CA with common beam management as 3 µs. This corresponds to option 4 in [1]
Proposal-4: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs.
A CR explaining this proposal is available in Appendix to this document.
Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA is also acceptable.
Proposal-5: Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA is also acceptable.
3	Summary
Observation-1: There are many options before scheduling restrictions are needed, like available time in UL and DL (if carriers not full) and UL to DL switch, where UE could safely switch beams.
Observation-2: A beam switch could be performed safe within the DL2UL guard if properly performed.
Proposal-1: Any change in MRTD should not impact already defined BS TAE of 3 µs for FR2 inter-band CA; i.e. keep Rel-15 values for BS TAE unchanged.
Observation-3: We see a risk that if most UE opt for MRTD = 260 ns capability only and option 2 becomes a de facto option 3, MRTD = 260ns. 
Observation-4: We do not see significant implementation simplifications of better site and transmission equipment re-use if we got to TAE = 520 ns.
Proposal-2: 
· The beam management is implementation dependent, thus not applicable to all UEs and to all band combinations.
· The relevant UEs should be identified and distinguished (e.g. via capability indication, etc.) and the restrictions shall not be applied (e.g. deployment restrictions, etc.) for all UEs and all band combinations for the future of NR.
· An agreed and approved UE capability indication, as in the bullet above, is a precondition for proposals in this document.
Proposal-3: Define MRTD for inter-band FR2 NR CA with common beam management as 3 µs. This corresponds to option 4 in [1]
Proposal-5: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs.
References
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7.6	Maximum Receive Timing Difference
7.6.1	Introduction
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-UTRA cell belonging to the MCG and the closest slot timing boundary of a cell belonging to SCG to be aggregated for EN-DC operation.
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-UTRA cell belonging to the SCG to be aggregated for NE-DC operation and the closest slot timing boundary of a cell belonging to MCG.
A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and the closest slot timing boundary of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.
7.6.2	Minimum Requirements for inter-band EN-DC
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 SCG at the UE receiver as shown in Table 7.6.2-1.
Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note2
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	For E-UTRA FDD-NR FDD intra-band EN-DC, for which the requirement is defined in clause 7.6.3 and this Table 7.6.2-1 is also applicable, the scenario with 120 kHz does not exit.



Table 7.6.2-2 Void
Table 7.6.2-3	Void
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. 
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}.



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}.



Table 7.6.3-2	Void

7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, 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.
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
	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 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
	8 note1, 3 Note 2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	Applicable for UE which is only capable of common beam management for a band combination where common beam management is possible. The UE may, assume collocated site, in this case.



7.6.5	Minimum Requirements for inter-band NE-DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and subframe timing of signal from an E-UTRA cell belonging to the SCG at the UE receiver for asynchronous NE-DC as shown in Table 7.6.5-1.
Table 7.6.5-1: Maximum receive timing difference requirement for asynchronous NE-DC
	Sub-carrier spacing of cell in MCG (kHz)
	DL Sub-carrier spacing of EUTRA cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	30
	15
	250

	60
	15
	125

	120
	15
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	Void



The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and subframe timing of signal from a E-UTRA cell belonging to the SCG at the UE receiver for inter-band synchronous NE-DC as shown in Table 7.6.5-2. The requirements for synchronous NE-DC are applicable for NR TDD- E-UTRA TDD, NR FDD- E-UTRA FDD, NR TDD- E-UTRA FDD and NR FDD- E-UTRA TDD inter-band NE-DC.
Table 7.6.5-2: Void
7.6.5.1	Minimum Requirements for inter-band synchronous NE-DC
The requirements in this clause apply as a reference for inter-band synchronous NE-DC.
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and subframe timing of signal from a E-UTRA cell belonging to the SCG at the UE receiver for inter-band synchronous NE-DC as shown in Table 7.6.5.1-1. The requirements for synchronous NE-DC are applicable for NR TDD- E-UTRA TDD, NR FDD- E-UTRA FDD, NR TDD- E-UTRA FDD and NR FDD- E-UTRA TDD inter-band NE-DC.
Table 7.6.5.1-1: Maximum receive timing difference requirement for inter-band synchronous NE-DC
	Sub-carrier spacing of cell in MCG (kHz)
	DL Sub-carrier spacing of EUTRA cell in SCG (kHz) (Note1)
	Maximum receive timing difference (µs)

	15
	15
	33

	30
	15
	

	60
	15
	

	120
	15
	


7.6.6	Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a 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 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [16].
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2
	FR2
	8

	FR1
	FR2
	33



The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a 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 7.6.6-2 provided that the UE indicates that it is capable of asynchronous NR DC [16].
Table 7.6.6-2 Maximum receive timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5








	CR-Form-v12.1

	CHANGE REQUEST

	

	
	38.133
	CR
	xxxx
	rev
	-
	Current version:
	17.0.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	X
	Core Network
	



	

	Title:	
	Updates on MTTD requirements for FR2 inter-band DL CA 

	
	

	Source to WG:
	Ericsson

	Source to TSG:
	R4

	
	

	Work item code:
	NR RF requirement for FR2
	
	Date:
	<Res_date>

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-17

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier 													release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
…
Rel-15	(Release 15)
Rel-16	(Release 16)
Rel-17	(Release 17)
Rel-18	(Release 18)

	
	

	Reason for change:
	There is a proposal to update the MRTD and MTTD for inter-band FR2 NR CA wrt UE implemntation. We propsoe this CR to facilitate the commomn beam management based UE implementation. 

	
	

	Summary of change:
	Added the MTTD in section 7.6.4 based on the UE implementation.

	
	

	Consequences if not approved:
	If not approved then UE behaviour in terms of commom beam management is not supported in the spec.

	
	

	Clauses affected:
	

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



Page 1


7.5	Maximum Transmission Timing Difference
7.5.1	Introduction
A UE shall be capable of handling a relative transmission timing difference between subframe timing boundary of E-UTRA PCell and the closest slot timing boundary of PSCell to be aggregated for EN-DC operation.
A UE shall be capable of handling a relative transmission timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.
A UE shall be capable of handling a relative transmission timing difference between slot timing boundary of PCell and subframe timing boundary of E-UTRA PSCell to be aggregated for NE-DC operation.
A UE shall be capable of handling a relative transmission timing difference between slot timing boundaries of PCell and the closest slot timing boundary of PSCell to be aggregated in NR DC operation.
7.5.2	Minimum Requirements for inter-band EN-DC
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.
Table 7.5.2-1 Maximum uplink transmission timing difference requirement for asynchronous 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
	500

	15
	30
	250

	15
	60
	125

	15
	120Note1
	62.5

	NOTE 1:	For E-UTRA FDD-NR FDD intra-band EN-DC, for which the requirement is defined in clause 7.5.3 and this Table 7.5.2-1 is also applicable, the scenario with 120kHz PSCell does not exist.



Table 7.5.2-2 Void

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.
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



7.5.3	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 a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 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 a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.3-1 for E-UTRA TDD-NR TDD and E-UTRA FDD-NR FDD intra-band EN-DC provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16].
Table 7.5.3-1: Maximum uplink transmission timing difference requirement for intra-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
	5.21Note1,Note 2

	15
	30
	5.21Note 2

	15
	60
	5.21 Note 2

	NOTE 1:	This is not applicable for a UE which indicates the capability of only supporting single UL timing (ul-TimingAlignmentEUTRA-NR is signalled). Single UL timing for E-UTRA and NR cell is assumed for this UE.
NOTE 2:	If the transmission timing difference exceeds the cyclic prefix length of the UL Sub-carrier spacing for data in PSCell, NR UE Tx EVM degradation is expected for the symbol that is overlapping the LTE subframe boundary



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 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.
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
	8.5 Note1, 3.5 Note 2 

	Between FR1 and FR2
	26.1 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	Applicable for UE which is only capable of common beam management for a band combination where common beam management is possible. The UE may, assume collocated site, in this case.



7.5.5	Minimum Requirements for inter-band NE-DC
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and E-UTRA PSCell as shown in Table 7.5.5-1 for inter-band asynchronous NE-DC.
Table 7.5.5-1: Maximum uplink transmission timing difference requirement for inter-band asynchronous NE-DC
	Sub-carrier spacing in PCell (kHz)
	UL Sub-carrier spacing for data in E-UTRA PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	500

	30
	15
	250

	60
	15
	125

	120
	15
	62.5

	NOTE 1:	Void



Table 7.5.5-2 Void

7.5.5.1	Minimum Requirements for inter-band synchronous NE-DC
The requirements in this clause apply as a reference for inter-band synchronous NE-DC.
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and E-UTRA PSCell for inter-band synchronous NE-DC as shown in Table 7.5.5.1-1. The requirements for synchronous NE-DC are applicable for NR TDD- E-UTRA TDD, NR FDD- E-UTRA FDD, NR TDD- E-UTRA FDD and NR FDD- E-UTRA TDD inter-band NE-DC.
Table 7.5.5.1-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NE-DC
	Sub-carrier spacing in PCell (kHz)
	UL Sub-carrier spacing for data in E-UTRA PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	35.21

	30
	15
	35.21

	60
	15
	35.21

	120
	15
	35.21


7.5.6	Minimum Requirements for inter-band NR DC
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [16].
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2
	FR2
	8.5

	FR1
	FR2
	34.1



The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-2 provided that the UE indicates that it is capable of asynchronous NR DC [16].
Table 7.5.6-2 Maximum uplink transmission timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum uplink transmission timing difference (µs)

	15
	500

	30
	250

	60
	125
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