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Introduction
RAN2 has discussed some meetings about single TX operation in EN-DC. This topic was further discussed in RAN plenary #77 and LS was sent to RAN2 in RP-172100. In this contribution, we discuss actions needed in RAN2 for single TX operation.
Background
In RAN#77 it was discussed if the UE could support EN-DC with single TX only. The conclusion was that in some easy band/channel combinations, the UE should be able support 2TX, i.e., dual TX operation is mandatory. However, in some other band combinations there are issues due to intermodulation product and harmonics. Thus Maximum Sensitivity Degradation (MSD) may increase. Some of the UE implementations may do not cope with this and can operate only one UL at the time. 
It was concluded in RP-172100 that RAN4 will define a rule for categorization (of band combinations including channel assignments) in order to conclude if dual TX is required. It was captured that a possible rule could be based on presence of resulting IMD [2]…[7] (including harmonics as long as the cause includes simultaneous Tx) falling in Rx with the given channel assignment.
For RAN2, it was agreed the following:
· Define in RAN4 specs for which band combinations and channel allocations (to the extent specified by RAN4) within that band combination the UE is allowed to indicate that it does not support 2 simultaneous UL tx (this is not implying the granularity of the signalling)
· Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):
UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.
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Capability signalling
As discussed in the background section, it is task for the RAN2 to specify capability signalling to indicate that the UE does not support simultaneous 2 TX even it supports UL DC in the capability signalling. 
We consider that new signalling should indicate incapability to support 2TX instead of capability. That is to say, default assumption is that UE should have sufficient RF to support band combinations it is advertising in the CA related capability signalling. However, in some problematic scenarios, due to intermodulation and harmonics, the UE may requests TDM solution. This is similar to measurement gap request which is also in the capability signalling.
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As noted in the RAN plenary agreements, granularity of this capability should be aligned with the RAN4 agreement on problematic band combinations and channel assessments. 
In LTE UL CA, the indication to solve problems is signalled in terms of carrier frequency combinations for which 1) the UE supports CA and 2) the measurement object is configured.
InDeviceCoexIndication-v11d0-IEs ::=	SEQUENCE {
	ul-CA-AssistanceInfo-r11			SEQUENCE {
		affectedCarrierFreqCombList-r11	AffectedCarrierFreqCombList-r11			OPTIONAL, 
		victimSystemType-r11				VictimSystemType-r11
	}																			OPTIONAL,
	nonCriticalExtension				InDeviceCoexIndication-v1310-IEs 								OPTIONAL
}

AffectedCarrierFreqCombList-r11 ::=	SEQUENCE (SIZE (1..maxCombIDC-r11)) OF AffectedCarrierFreqComb-r11

AffectedCarrierFreqCombList-r13 ::= SEQUENCE (SIZE (1..maxCombIDC-r11)) OF AffectedCarrierFreqComb-r13

AffectedCarrierFreqComb-r11 ::=	SEQUENCE (SIZE (2..maxServCell-r10)) OF MeasObjectId

AffectedCarrierFreqComb-r13 ::= SEQUENCE (SIZE (2..maxServCell-r13)) OF MeasObjectId-r13


For EN-DC, it is not yet clear what would be granularity of the request. As per RAN plenary agreement, RAN2 should wait further information on this from RAN4. After this, it can be concluded if the signalling is given in terms of:
1) Capability per carrier frequency combination for which MO is configured (similar to UL CA case in LTE Rel-11)
2) Capability per band and band-entry combinations in the EN-DC capability signalling  
3) Capability pointing to RAN4 tables listing problematic cases (e.g. index)
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 TDM pattern towards the UE
If the UE does not support dual TX operation, then the network needs to schedule the UL in TDM fashion so that the UE can operate this with single TX.

In RAN1 meeting in Prague (and earlier), different solutions were discussed and following agreed:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
· Note: it doesn’t necessarily imply that UE has to support both cases

We understand that in both cases, TDM pattern is achieved by network implementation and there is no need to signal that to the UE. However, this approach has a problem that the LTE DL throughput is impacted as all UL subframes are not available for HARQ feedback transmission. Due to this, the UE can be configured with the additional HARQ timing configuration as per RAN1 agreements.
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In [1], it was discussed that having a fixed activity pattern has some drawbacks as there is additional latency as well as reduction in the throughput. It was discussed if the UE could automatically turn off one of the links out of two. That is, if the UE receives two grants on two carriers, it may drop one. This can be considered as autonomous denial as discussed in other contexts like REl-11 IDC.
We could consider different schemes for EN-DC:
· All DL and UL data transmitted over NR. In such case, traffic in LTE UL would be quite infrequent and unexpected. There autonomous denial in the NR side could be ok to allow to transmit rare RRC signalling in LTE (as argued in [2]) 

· DL traffic transmitted over NR and UL traffic over LTE UL. This scenario could be quite probable scenario as NR UL could be limited in coverage. In this case, some UL subframes are needed in the NR UL for RLC and HARQ feedback. There autonomous denials would be too frequent and would have negative impact on the link adaptation.


[bookmark: _Toc494302715][bookmark: _Toc494412231]Discuss use cases for “autonomous denials”. If found useful, then network should be able to configure in which cell group and logical channel autonomous denial is allowed. 
Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should introduce “need single TX transmission” capability in the NR capability signalling
Proposal 2	To decide granularity for single TX operation capability, RAN2 should wait for RAN4 input
Proposal 3	TDM pattern is not signalled towards the UE but is achieved by network scheduling
Proposal 4	RAN2 should introduce signalling for DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell as per RAN1 agreement
Proposal 5	Discuss use cases for “autonomous denials”. If found useful, then network should be able to configure in which cell group and logical channel autonomous denial is allowed.
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