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1. Introduction
According to the agreed CR in RAN2#89 meeting [1], the UE behaviors on the UL timing difference change within a CG is agreed that “the MAC entity considers the timeAlignmentTimer associated with the SCell as expired”. However, the sync property change for UL and DL between CG has not been decided. In this contribution, we try to clarify the network configurations and UE behaviors on the UL and DL sync properties.
2. Discussion
2.1. Network configuration on different UL/DL sync property
According to 36.213 [2], the UL power control mode is based on the UL timing difference between SCG serving cell(s) and MCG serving cell(s), as quoted below:
	36.213:
5.1.4       Power allocation for dual connectivity

If a UE is configured with multiple cell groups, 

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 DC-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 UE shall use the procedures described in sub clause 5.1.4.1.


According to 36.133 [3], the PSCell interruption due to the measurement gap configuration is based on the DL timing difference between PCell and PSCell,
	36.133

2.1.1 7.15.2
Minimum Requirements for Inter-band Dual Connectivity

The UE shall be capable of handling at least a relative receive timing difference between the subframe timing of the signals received from the PCell and the PSCell at the UE receiver of up to 33 µs provided the UE indicates that it is capable of synchronous dual connectivity [2].

The UE shall be capable of handling at least a relative receive timing difference between the subframe timing of the signals received from the PCell and the PSCell at the UE receiver of up of 500 µs provided the UE indicates that it is capable of asynchronous dual connectivity [2].


The following table gives the possible combinations for the UL/DL sync properties between MCG and SCG. 
Table 1: Sync properties of UL/DL between MCG and SCG
	Scenarios
	UL
	DL
	RRC

	Scenario#1
	synchronous
	synchronous
	powerControlMode-r12

	Scenario#2
	asynchronous
	asynchronous
	powerControlMode-r12

	Scenario#3
	synchronous
	asynchronous
	Not supported

	Scenario#4
	asynchronous
	synchronous
	Not supported


According to the current RRC configuration, the UE behaviors shall only follow the RRC signaling of powerControlMode-r12, which is used to indicate the sync property of both UL and DL between MCG and SCG is based on powerControlMode-r12. This means that in Scenario#3, even though the DL timing difference between PCell and PSCell is asynchronous, the UE can be configured only with the synchronous DC. Then packet loss could occur as the SeNB will consider that the PSCell interruption is 6ms, but the UE will actually have 7ms PSCell interruption.
Proposal 1: RAN2 is kindly asked to discuss if the RRC signaling needs to support different DC sync properties between UL and DL. 
2.2. UE behaviors on UL/DL sync property change
According to the discussion in RAN2#88 and #89 meetings, the network cannot always ensure the timing difference while configuring CA or DC. In the following sections, we analyze the issues which could occur due to the timing difference change between MCG and SCG while configuring DC.
2.2.1 UL
As given in Section 2.1, power control mode 1 and 2 is used for synchronous and asynchronous DC respectively. Then the UL timing difference change between MCG and SCG could have the following cases:
· Case 1: Sync to Async

· Case 1.1:  between PCell and PSCell
· Case 1.2: between PCell and SCG SCell

· Case 1.3: between MCG SCell and PSCell

· Case 1.4: between MCG SCell and SCG SCell

· Case 2: Async to Sync  
· Case 2.1:  between PCell and PSCell

· Case 2.2: between PCell and SCG SCell

· Case 2.3: between MCG SCell and PSCell

· Case 2.4: between MCG SCell and SCG SCell

For case 1, according to 36.213 [2], if the UL timing difference between any serving cell of MCG and any serving cell of MCG exceeds [image: image1.png]T
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, the UE shall only be configured with power control mode 2. According to the UE capabilities of DC, some UE(s) may only support power control mode 1. This means that while the UL timing difference between MCG and SCG is changed from “Sync” to “Async”, the UE will not be able to work as a synchronous DC UE. As such, one reasonable way is to stop the UL transmission at the SCG. To let the TAT of PSCell expiry would be a possible solution. If the UL sync property cannot be recovered by sending a new TA in the S-MAC pTAG, the result would be a SCG failure indication from the UE which triggers the SCG release or the SCG change.
Proposal 1: If the UL timing difference between MCG and SCG is changed from synchronous to asynchronous, the UE expires the TAT of S-MAC pTAG.
For case 2, when the sync property is changed from “Async” to “Sync”, the UE can still work properly as the asynchronous DC can also be configured for the UE even through the MCG and SCG is synchronized. Furthermore, the DC UE shall also support synchronous DC if it supports asynchronous DC. 
Observation 1: When the UL timing difference between MCG and SCG is changed from asynchronous to synchronous, power control mode 2 can still work.
2.2.2 DL

According to 36.133, the PSCell interruption only concerns about the “timing difference between the subframe timing of the signals received from the PCell and the PSCell”. Then the DL timing changing has the following cases:
· Case 1: Sync to Async between PCell and PSCell

· Case 2: Async to Sync between PCell and PSCell

For case 1, the SeNB will still use 6ms PSCell interruption, and the PSCell interruption at the UE will be 7ms. As the 1 extra milli-second PSCell interruption at the UE is unknown by the SeNB, the data transmission during this extra interruption subframe will be lost. However the HARQ and RLC retransmission can recover the data lost during the extra interruption subframe. Then no extra UE behaviors are needed.
Observation 2: When the DL timing difference between MCG and SCG is changed from synchronous to asynchronous, the packet loss due to 1 ms extra PSCell interruption can be recovered by HARQ and RLC.

For Case 2, the SeNB will consider that the PSCell interruption at the UE is 7 ms, and avoid scheduling the UE during the 7ms PSCell interruption period. The UE will follow the RRC configuration (which indicates synchronous DL) to have 7ms PSCell interruption. Thus there is no issue observed in Case 2.
Observation 3: When the DL timing difference between MCG and SCG is changed from synchronous to asynchronous, both the SeNB and the UE will still use the 7ms PSCell interruption which follows the RRC configuration.
As given in both Observation 2 and 3, no extra UE behaviors are required for the DL sync property change.
3. Conclusion
According to the analysis given in section 2, we have the following Observations and Proposals. The corresponding CR is given in R2-15xxxx.
Observation 1: When the UL timing difference between MCG and SCG is changed from asynchronous to synchronous, power control mode 2 can still work.
Observation 2: When the DL timing difference between MCG and SCG is changed from synchronous to asynchronous, the packet loss due to 1 ms extra PSCell interruption can be recovered by HARQ and RLC.

Observation 3: When the DL timing difference between MCG and SCG is changed from synchronous to asynchronous, both the SeNB and the UE will still use the 7ms PSCell interruption which follows the RRC configuration.
Proposal 1: If the UL timing difference between MCG and SCG is changed from synchronous to asynchronous, the UE expires the TAT of S-MAC pTAG.
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