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1. Introduction

An LS on UL timing difference in EN-DC [1] was sent to RAN4.
	1. Overall Description:
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.

2. Actions:

To RAN4:

RAN2 would like to ask RAN4 if a UE indication for an event where the UL timing difference during EN-DC operation exceeds the allowed value should be supported.


In this contribution, we will provide our considerations on the relevant issues.
2. Discussion
For LTE DC, the power control mode 1 defined in TS36.213 are applied under the following condition:

	-
if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1

-
if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than the minimum requirement for maximum transmission timing difference for synchronous dual connectivity defined in [10].
-
The UE shall use the procedures described in sub clause 5.1.4.1.


When UE use procedures for DC power control mode 1, the UL timing difference between different CGs is required not to be larger than the minimum MTTD requirement for synchronous DC. In LTE, the minimum MTTD requirement for synchronous DC is defined as 35.21s in TS36.133. If the procedures for DC power control mode 1 in LTE will be reused for EN-DC, then the similar applicable condition may need to be defined for EN-DC, i.e. UL timing difference PCell and PSCell is required not to be larger than 35.21s.
In NR, the MTTD requirements for EN-DC have been agreed in [2].

The minimum MTTD requirements for synchronous intra-band EN-DC has been defined as 3s. The requirements is based on the assumptions that only co-located deployment is considered. BS time alignment error is within 3s. Due to co-located deployment, PCell and PScell will always have the same propagation delay. TA adjustment or UE autonomous adjustment is not likely to cause that the UL time difference exceeds 3s.

The minimum MTTD requirements for synchronous inter-band EN-DC has been defined as 35.21s. The requirements is based on the assumptions that the maximum propagation delay difference is 30s. However it is not precluded that the propagation difference will not be larger than 30s in real wireless condition. For some non-co-located deployment, this kind of real propagation condition may make network send TA command to UE whose UL time difference between PCell and PSCell has already equalled or been very close to 35.21s, or may make this UE itself performing autonomous timing adjustment. This TA adjustment or UE autonomous adjustment may cause exceeding the max UL time difference UE can handle. In this case, whether the UE shall perform the TA-command/autonomous-adjustment which will enlarge UL time difference between PCell and PSCell is a problem. 
Observation 1: For synchronous EN-DC operation, the uplink transmission timing difference between PCell and PSCell may exceed the allowed value 35.21s during UE performing transmit timing adjustment.
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Figure 1: Example for UE transmit timing adjustment for asynchronous EN-DC
The minimum requirements on MTTD for asynchronous EN-DC has been defined as 0.5 slot. As shown in Figure 1, the UL time difference between PCell and PSCell is assumed as Tdiff1, which is calculated based on the relative transmission timing difference between subframe#i timing boundary of PCell and slot#j timing boundary of PSCell. The time difference Tdiff1 is very close to 0.5 slot. If UE perform timing adjustment and cause the relative timing difference between subframe#i timing boundary and slot#j timing boundary will be larger than 0.5 slot and is denoted as Tdiff2, then the UL time difference between PCell and PSCell is calculated based on the relative transmission timing difference between subframe#i timing boundary and slot#j+1 timing boundary, which equals to Tslot-Tdiff2 and is smaller than 0.5 slot. So TA adjustment or UE autonomous adjustment will not cause that the max UL time difference between PCell and PSCell exceeds MTTD requirements.
Observation 2: For asynchronous EN-DC operation, the uplink transmission timing difference between PCell and PSCell will not exceed the allowed value 0.5 slot during UE performing transmit timing adjustment.

Proposal 1: For asynchronous EN-DC operation, it is suggested that UE needs to constitute new subframe and slot pair when the transmission timing difference between PCell and PScell is larger than 0.5 slot.
In LTE DC, if power control mode 1 is configured to UE and timing adjustment cause exceeding the minimum MTTD requirement, i.e. 35.21s, UE will initiates the procedure to report SCG failures. UE is allowed to stop uplink transmission on PSCell. Hence, the similar UE behaviour is proposed for EN-DC operations.
Proposal 2: In case of EN-DC, when UE is configured to perform power control mode 1, it is suggested that UE could stop transmission on PSCell if the transmission timing difference between PCell and PScell will be larger than 35.21s.
Proposal 3: It will be useful to support a UE indication for the purpose of informing network that the UL timing difference between PCell and PScell exceeds the allowed value.

3. Conclusions

This contribution provides our analysis on UL timing difference issues between PCell and PSCell for EN-DC. The following observation and proposals are given: 
Observation 1: For synchronous EN-DC operation, the uplink transmission timing difference between PCell and PSCell may exceed the allowed value 35.21s during UE performing transmit timing adjustment.

Observation 2: For asynchronous EN-DC operation, the uplink transmission timing difference between PCell and PSCell is not likely to exceed the allowed value 0.5 slot during UE performing transmit timing adjustment.

Proposal 1: For asynchronous EN-DC operation, it is suggested that UE needs to constitute new subframe and slot pair when the transmission timing difference between PCell and PScell is larger than 0.5 slot.
Proposal 2: When UE is configured to perform power control mode 1, it is suggested that UE could stop transmission on PSCell if the transmission timing difference between PCell and PScell will be larger than 35.21s.
Proposal 3: It will be useful to support a UE indication for the purpose of informing network that the UL timing difference between PCell and PScell exceeds the allowed value.
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