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Introduction
[bookmark: _Hlk513205245]In RAN4#86bis, the UE behavior related to UL timing difference in EN-DC is discussed based on RAN2 LS [1], but there is no conclusion. The questions to RAN4 in [1] are as follows.
	RAN2 discussed an indication from the UE to the network for a failure event where the UL timing difference during EN-DC operation exceeds the allowed value.

In LTE Dual Connectivity, the UE indicates the failure if the UE is configured with the power control mode 1 and if the time difference exceeds the value required for the power control mode 1 to operate. The power control mode is configured by powerControlMode in TS36.331.

RAN2 understands that the failure indication in LTE Dual Connectivity was intended to provide the following information to the network.
1. UE operation failure: The UE cannot operate properly as configured by the network.
2. Network failure: Assistance information informing the network about the occurrence of the error (which may be used for network optimizations).

RAN2 would like to ask RAN4 if a similar failure indication should be supported also in EN-DC.


[bookmark: _Hlk513205847]In this paper, we will provide our views on UE behavior related to UL timing difference in EN-DC. 
Discussion
[bookmark: _Hlk513733380]In LTE DC, the UE behavior related to UL timing difference is defined in section 7.17 of 36.133 as follows.
	The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell of at least 35.21 µs provided the UE indicates that it is capable of synchronous dual connectivity [2]. The requirements for synchronous dual connectivity are only applicable for TDD-TDD, FDD-FDD, and TDD-FDD inter-band dual connectivity.
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell of at least 500 µs provided the UE indicates that it is capable of asynchronous dual connectivity [2]. The requirements for asynchronous dual connectivity are only applicable for FDD-FDD and inter-band dual connectivity.
If the UE is configured with higher layer parameter powerControlMode<1>, then the UE may stop transmission on the PSCell if the UL transmission timing difference exceeds 35.21µs. If a UE supports both synchronous and asynchronous dual connectivity and if the UE is configured with higher layer parameter powerControlMode<2>, then the UE needs to constitute new subframes pair if the UL transmission timing difference exceeds 500µs.


It can be seen that when UE is configured with powerControlMode<1>, which is synchronous DC, it may stop the transmission on SCG. This is because in RAN1 spec 36.213, powerControlMode<1> cannot work with UL timing difference than MTTD, or the UL performance may be degraded significantly when UL timing difference exceeds the MTTD. Consequently, in RAN2 spec 36.331, this event is considered as an error case. Upon this failure indication, network may choose to operator the UE without SCG, or reconfigure the UE to powerControlMode<2> is UE is capable. 
As pointed out in [2], in EN-DC there are no different power control modes defined as for LTE DC, so it is a question if the same failure indication is needed. For this we will discuss based on power control behavior for EN-DC (section 7.6 in 38.213).
	




[bookmark: _Hlk514058820]If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power  for transmissions on the MCG by higher layer parameter P-LTEp-MaxEUTRA and a maximum power  for transmissions on the SCG by higher layer parameter Pp-NR. The UE determines a transmission power for the MCG as described in [13, TS 36.213] using  as the maximum transmission power. The UE determines transmission power for the SCG as described Subclauses 7.1 through 7.5 using  as the maximum transmission power for .






If a UE is configured with , where  is the linear value of ,  is the linear value of , and  is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.
-	If the UE is configured with reference TDD configuration for EUTRA (by higher layer parameter subframe-Assignment-r15SUO-case1 in [13, TS 36.213])
-	If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-	If the UE indicates a capability for dynamic power sharing between EUTRA and NR and
-	if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], and 


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG, and


-	if  in a portion of slot  of the SCG, 







	the UE reduces transmission power in the portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG, respectively.
-	If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is expected to be configured with reference TDD configuration for EUTRA (by higher layer parameter subframe-Assignment-r15SUO-case1 in [13, TS 36.213]).


The highlighted part is actually similar to that in LTE synchronous DC. Due to timing difference in EN-DC, one subframe in LTE may overlap with two slots in NR (assuming 15kHz SCS in NR). It’s not clearly stated in 38.213 which slot(s) in NR UE would stop transmission, and whether it depends on the absolute timing difference or not. In our view, it is beneficial to avoid the dropping as much as possible. We can follow the same principle as in LTE DC, i.e. if the overlapping portion is small than the MTTD, UE still transmits in both LTE and NR but the power in the overlapping part is left to UE implementation. Although there can be some degradation for the UL performance, it is still better than dropping the whole NR slot with small overlapping portion.  
Therefore, the UE behavior related to timing difference should be clarified as 
· If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration and the overlapping portion is larger than [X]us.
RAN4 needs to further discuss the value of X. For 15kHz SCS, it is straightforward to use the MTTD (35.21us), but for other SCS, 35.21us may cause too large performance degradation in UL. 
[bookmark: _Ref514068630]Clarify the UE behavior related to UL timing difference as: 
If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration and the overlapping portion is larger than [X]us.
In addition, we also see the benefits for UE to indicate to network when the UL timing difference is exceeding the threshold X. This event should not be considered as a failure or an error, as the power control of EN-DC can still work with dropping, but on the other hand, if network is aware of whether UE will drop the slot depending on the UL timing difference UE is experiencing, network can adjust its scheduling accordingly. 
[bookmark: _Ref514068631]Support UE indication to inform network the event that the UL timing difference during EN-DC operation exceeds a certain threshold value.
Conclusion
In this paper, we provided our views on UE behavior related to UL timing difference in EN-DC.
Proposal 1: Clarify the UE behavior related to UL timing difference as:
[bookmark: _GoBack]If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration and the overlapping portion is larger than [X]us.
[bookmark: _Hlk514069322]Proposal 2: Support UE indication to inform network the event that the UL timing difference during EN-DC operation exceeds a certain threshold value.
A draft LS reply to RAN2 is prepared in following above proposals.
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