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Introduction
In Rel-12 LTE DC, both synchronous and asynchronous operations are supported. These two modes of operation impact some features like power control, MBMS and UE capabilities.
In Rel-15 EN-DC and NR-NR DC, synchronisation properties have not been discussed in RAN2. RAN4 has discussed the topic and send LS to RAN2 in R4-1711965. Intention of this contribution is to discuss any impacts in RAN2 of RAN4 decisions.
[bookmark: _Ref178064866]Discussion
Capabilities
In Rel-12 DC, synchronous operation is taken as default in capabilities. In addition, the UE may signal support for asynchronous DC by parameter asynchronous-r12. If the UE does not signal separate cell grouping support by supportedCellGrouping-r12, it supports all cell groupings. With supportedCellGrouping-r12, UE can indicate further which cells can be asynchronous as compared to others. When the number of cells increases, the amount of cell groupings as well as overhead increases. It would be good to avoid such detailed grouping for EN-DC.

BandCombinationParameters-v1250::= SEQUENCE {
	dc-Support-r12					SEQUENCE {
		asynchronous-r12				ENUMERATED {supported}			OPTIONAL,
		supportedCellGrouping-r12		CHOICE {
				threeEntries-r12				BIT STRING (SIZE(3)),
				fourEntries-r12					BIT STRING (SIZE(7)),
				fiveEntries-r12					BIT STRING (SIZE(15))
		}																OPTIONAL
	}																	OPTIONAL,
	supportedNAICS-2CRS-AP-r12		BIT STRING (SIZE (1..maxNAICS-Entries-r12))		OPTIONAL,
	commSupportedBandsPerBC-r12				BIT STRING (SIZE (1.. maxBands))		OPTIONAL,
	...
}

Inter-band LTE-NR Dual Connectivity
RAN4 agreed on the following:
· For Inter-band LTE-NR dual connectivity, all UE supports asynchronous DC between LTE and NR. Asynchronous here refers to subframe/slot timing boundary alignment
· For inter-band LTE-NR dual connectivity, following MRTD and MTTD is defined:
	LTE PCell SCS (kHz)
	NR PSCell SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for asynchronous operation
	Maximum transmission timing difference, MTTD (µs) for asynchronous operation

	15
	15
	500
	500

	15
	30
	250
	250

	15
	60
	125
	125

	15
	120
	62.5
	62.5



· For Inter-band TDD-TDD (PCell-PSCell) and inter-band TDD-FDD (PCell-PSCell or PSCell-PCell) combinations,
· Simultaneous RXTX in DC operation can be supported based on UE Capability.

As can be seen from agreements, for inter-band DC, all UEs should support asynchronous DC and thus separate capability is not needed.

[bookmark: _Toc498530437][bookmark: _Toc498644595]In inter-band EN-DC, asynchronous UE operation is default operation and thus no separate capabilities are needed

On the other hand, RAN4 has agreed that inter-band TDD/TDD and inter-band FDD/TDD cases, simultaneous RXTX is not necessarily supported. If the simultaneous RX/TX is not supported, whole EN-DC operation is rather inefficient as the subframes need to be split between LTE and NR and split coordinated between nodes. Even more, if the network operation is asynchronous, there is even more impacts on the performance.
[bookmark: _Toc498530438][bookmark: _Toc498644596]On default, the UE should support simultaneous RXTX in EN-DC. If (in)capability bit is still necessary on this case, it should be one bit per UE.

Intra-band TDD case

For TDD intra-band case, RAN4 made the following agreements:
· For Intra-band TDD-TDD case: 
· Synchronous DC operation as well as NR DL/UL resource assignment to avoid DL/UL interference with LTE TDD is needed for intra-band LTE-NR DC.
· It is proposed to only consider collocation scenario for intra-band LTE-NR DC in Rel-15. 
· UE shall support the synchronous TDD-TDD LTE-NR intra-band DC provided the MRTD at the UE does not exceed values shown in the table below:
	LTE PCell SCS (kHz)
	NR PSCell SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for synchronous operation
	Maximum receive timing difference, MRTD (µs) for asynchronous operation

	15
	15
	TBD
	NA

	15
	30
	TBD
	NA

	15
	60
	TBD
	NA



From the agreements it can be understood that for the intra-band TDD EN-DC, collocated case is assumed. This means that the propagation delay difference should be zero in this case. In addition, it is assumed that the transmissions from the network nodes are synchronised.
[bookmark: _Toc498530439][bookmark: _Toc498644597]In intra-band TDD EN-DC, the synchronous operation is only supported in Rel-15. No separate UE capability is needed to indicate support of that.

Intra-band FDD case

For FDD intra-band case, RAN4 made the following agreements:
· For FDD-FDD Intra-band LTE-NR DC, 
· It is proposed to only consider collocation scenario for intra-band LTE-NR DC in Rel-15.
· If UE supports asynchronous dual connectivity assuming separate RF chains, following MRTD and MTTD is defined in this case: 

	LTE PCell SCS (kHz)
	NR PSCell SCS (kHz)
	Maximum receive timing difference, MRTD (µs) for asynchronous operation
	Maximum transmission timing difference, MTTD (µs) for asynchronous operation

	15
	15
	500
	500

	15
	30
	250
	250

	15
	60
	125
	125




From the agreements, it can be understood that for the intra-band FDD EN-DC, collocated case is assumed. This means that the propagation delay difference should be zero in this case. However, there can still be timing reception difference in the UE up to 0.5 seconds. This means that the transmissions between LTE eNB and NR gNB can be asynchronous. 
Understanding from the RAN4 agreements that in this scenario, support of asynchronous operation is up to UE capabilities. RAN4 agreements say that this is the case in case of separate RF chains. From this it can be derived that single capability bit is sufficient.
[bookmark: _Toc498530440][bookmark: _Toc498644598]In intra-band FDD EN-DC, a single capability bit is introduced to indicate if the UE supports asynchronous/synchronous operation.

Impacts on other features

Single TX operation
In the single TX operation, the UE is not capable to transmit simultaneously in LTE cells and NR cells. It has not been discussed if the cells are assumed to be synchronous or not synchronous. In our understanding, both modes may be assumed. However, in the asynchronous case, transmission in one RAT in one UL subframes may impacts two uplink subrames. Thus it is more inefficient. Anyhow, we do not think that there is need to optimise this case.

[bookmark: _Toc498530441][bookmark: _Toc498644599]Single TX operation may supported with synchronised and non-synchronised operation

Power headroom reporting
RAN1 has not agreed on different power headroom reporting modes in EN-DC. Thus there is no impact of the asynch/synch operation on that features.

Measurement gaps
For the measurement gaps, asynchronous operation need to be considered, even thought SSB timing might be synchronised in some level. The gap needs to be long enough so that the UE can read SSB from the neighbouring cells.
Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1	In inter-band EN-DC, asynchronous UE operation is default operation and thus no separate capabilities are needed
Proposal 2	On default, the UE should support simultaneous RXTX in EN-DC. If (in)capability bit is still necessary on this case, it should be one bit per UE.
Proposal 3	In intra-band TDD EN-DC, the synchronous operation is only supported in Rel-15. No separate UE capability is needed to indicate support of that.
Proposal 4	In intra-band FDD EN-DC, a single capability bit is introduced to indicate if the UE supports asynchronous/synchronous operation.
Proposal 5	Single TX operation may supported with synchronised and non-synchronised operation
[bookmark: _GoBack]
	4/4	
