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Introduction
[bookmark: _Hlk510705081]August RAN2 meeting sent an LS to RAN1 and RAN4 asking about synchronous MR-DC operation and handling of the uplik timings [1]: 
RAN4 has defined some EN-DC combinations which are termed synchronous, where LTE and NR are time-aligned. RAN2 would like to understand how these synchronous MR-DC combinations should be supported from UL timing adjustment perspective. Namely, how should the “timing advance” be obtained for SpCells in LTE and NR, e.g. single UL timing adjustment across the two RATs or parallel UL timing adjustments in the two RATs?

October RAN1 meeting provided the following answer [2]:
For the second question, from a UE transmission perspective, the same timing (considering allowed tolerances) is necessary for both LTE and NR (except for RACH) for some RF architectures in synchronous intra-band MR-DC scenarios. RAN1 is currently discussing solutions that will achieve this functionality, including the aspect of “single UL timing adjustment across the two RATs or parallel UL timing adjustments in the two RATs”. RAN1 plans to provide further information once it is concluded.

October RAN4 meeting on the other hand provided a different answer [3]:
RAN4 has defined both synchronous and asynchronous operations for intra-band EN_DC combinations. For which are synchronous operation, this is where LTE and NR are time-aligned. The synchronous case corresponds to MRTD of 3 µs (maximum UE receive timing difference). Even in the co-located case with “identical” propagation paths, the CGs can have different radio paths/chains, which can motivate separate timing management on the two CGs. How synchronous MR-DC combinations should be supported from timing adjustment perspective is a RAN1 issue and it is unlikely that RAN4 will have a response.

RAN4 requirements for EN-DC
[bookmark: _Hlk528748105]TS38.133 defines the following UE timing requirements for EN-DC [3]:
	Case
	Band combination
	SCS [kHz]
	Max Rx timing difference [µs]
	Max Tx timing difference [µs]

	Async
	Inter-band(1
	{15,30,60,120}
	500*2-µ
	500*2-µ

	
	Intra-band(3,4
	{15,30,60}
	500*2-µ
	500*2-µ

	Sync
	Inter-band(2
	{15,30,60,120}
	33
	35.21

	
	Intra-band(3,4
	{15,30,60}
	3
	No UL timing difference applicable


1) Applicable for E-UTRA TDD - NR TDD, E-UTRA FDD - NR TDD, E-UTRA TDD - NR FDD, E-UTRA FDD - NR FDD
2) Applicable for E-UTRA TDD - NR TDD, E-UTRA FDD - NR TDD, E-UTRA TDD - NR FDD
3) Only collocated deployment is applied
4) Applicable for E-UTRA TDD - NR TDD and E-UTRA FDD - NR FDD

The case of synchronous intra-band synchronous EN-DC is defined as “no UL timing difference is applicable” by RAN4, even though there may be some difference in the DL Rx timing. 
Observation: Intra-band synchronous EN-DC appears to have been defined having equal LTE and NR uplink transmit timing by RAN4

Discussion
RAN4 requirement on UL timing difference can be interpreted as “the two uplinks will always be perfectly synchronized”, and that poses a question to RAN1 on how this is to be achieved when there are two independent timing advance processes.
There is no way for the network to just guarantee that the uplink TA setting of the two uplinks always leads to the exact same uplink transmit timing, due to uplink timing measurement errors as basis of TA commands, uncertainty on when the TA commands are succesfully delivered over the air, uncertainty of when the TA commands are applied by the UE, and uncertainty in the DL timing difference. One can interpret the RAN4 requirements for intra-band synchronous Tx timing so that the UE will fix the two uplink timings to be the same.
Observation: Current RAN1 timing advance framework of two independent TA loops does not enable UE to maintain equal timing of the two uplinks

RAN1 LTE and NR specifications are currently defined to have independent TA management loops on the two radios, and it seems evident that the RAN1-specified behavior and the RAN4 requirement for intra-band synchronous EN-DC operation are in conflict. 
Three different alternatives can be envisioned for the uplink timing management
1. UE follows both the LTE TA and NR TA commands, and adjusts both uplinks after each command
2. UE follows the LTE TA commands only and adjusts both uplinks accordingly. NR TA commands are ignored.
3. UE follows the NR TA commands only, and adjusts both uplinks accordingly. LTE TA commands are ignored.

Case 1 might lead to issues, if the network would transmit TA commands on both radios and that could lead to accumulation of the two TAs. Further, if the NR SCS is 30 or 60 kHz, the LTE TA adjustment might be larger than the NR CP size.
Case 2 might cause issues, if NR SCS is 30 or 60 kHz, and the LTE TA adjustment might be larger than the NR CP size.
Case 3 would require LTE to support smaller TA steps than before, if NR SCS is 30 or 60 kHz.

Proposal: Agree on the expected UE behavior and, if needed, define that in the RAN1 specifications
Conclusion
For intra-band synchronous EN-DC, RAN4 defines the uplinks to have the same transmit timing in the UE, while RAN1 specifies independent timing advance management loops for LTE and NR. The two are in apparent conflict, and the following observation is made:
Observation: Intra-band synchronous EN-DC appears to have been defined having equal LTE and NR uplink transmit timing by RAN4
Observation: Current RAN1 timing advance framework of two independent TA loops does not enable UE to maintain equal timing of the two uplinks
If RAN1 does not resolve the conflict and define a specific UE behavior for this case, the intra-band synchronous EN-DC UEs would be forced to either violate the RAN1 functional specification, or unlike assumed by RAN4, have the ability to maintain different uplink transmit timings.
Proposal: Agree on the expected UE behavior and, if needed, define that in the RAN1 specifications
[bookmark: _GoBack]
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Annex:	UE Tx and Rx timing difference requirements [4]

[bookmark: _Toc525607325][bookmark: _Toc525607330]7.5	Maximum Transmission Timing Difference
[bookmark: _Toc525607326]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 slot timing boundaries of PSCell to be aggregated EN-DC
[bookmark: _Toc525607327]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. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD-NR TDD and E-UTRA TDD-NR FDD inter-band asynchronous EN-DC.
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 and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-2 provided that the UE indicates that it is capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD-NR TDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR TDD inter-band EN-DC.
Table 7.5.2-2 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 Note1
	35.21

	NOTE 1:	For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



[bookmark: _Toc525607328]7.5.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated 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 provided the UE indicates that it is capable of asynchronous EN-DC  [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band asynchronous EN-DC.
No uplink transmission timing difference is applicable for synchronous EN-DC.
[bookmark: _Toc525607329]7.5.4	Minimum Requirements for NR Carrier Aggregation
For inter-band carrier aggregation, the UE shall be capable of handling at least a relative transmission timing difference between slot timing of different carriers to be aggregated as shown in Table 7.5.4-1 below:
Table 7.5.4-1: Maximum transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	35.21

	FR2
	8.5

	Between FR1 and FR2
	[TBD]




7.6	Maximum Receive Timing Difference
[bookmark: _Toc525607331]7.6.1	Introduction
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated for EN-DC.
A UE shall be capable of handling a relative receive timing difference between slot timing boundary of different carriers to be aggregated NR carrier aggregation.
[bookmark: _Toc525607332]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 E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD- NR TDD and E-UTRA TDD- NR FDD inter-band EN-DC.
Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing  in PSCell (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120
	62.5

	NOTE 1 :	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2 :	For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-2 provided that the UE indicates that it is capable of synchronous EN-DC[16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA TDD- NR FDD and E-UTRA FDD- NR TDD inter-band EN-DC.
Table 7.6.2-2: Maximum receive timing difference requirement for inter-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (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}.
NOTE 2:	For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



Table 7.6.2-3	Void

[bookmark: _Toc525607333]7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.2-1 provided the UE indicates that it is capable of asynchronous EN-DC [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC. 
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.3-1 provided the UE indicates that it is only capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD and E-UTRA FDD- NR FDD intra-band EN-DC.
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (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

[bookmark: _Toc525607334]7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only collocated 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
	3

	FR2
	3



For inter-band 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 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	[TBD]





