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1 Introduction
The WI of Dual Connectivity enhancement [1] was approved in March RAN Plenary. One of the objectives of the WI is to specify the “Maximum uplink transmission time difference” in RAN4. In last RAN4 meeting, there were some discussions [2][3] on this aspect, but no agreement was reached.
In this paper, we will provide our analysis and preference on how to define the requirements on maximum allowed UL timing difference between MeNB and SeNB.
2 Discussion
For CA, the maximum allowed UL timing difference between TAGs is defined as 32.47s, as described in 36.300 and copied below. More specifically, there is a 2.21s timing uncertainty in UE RX/TX as discussed in [4], and as a result, UE is required to handle 32.47s timing difference in UL compared to 30.26s in DL. 
The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.26 s. This also implies that the UE should cope with a maximum uplink transmission timing difference between TAGs of 32.47s for inter-band carrier aggregation with multiple TAGs.
Due to the timing difference between two TAGs, there will be partial overlap between subframe n in one TAG and subframe n+1 in the other TAG. In RAN1 specification 36.213 the UE transmit power during this overlap portion is not specified as long as its total transmit power does not exceed the maximum output power of the UE. In our understanding, in such cases it would be beneficial to limit the overlap portion as much as possible because UE may need to make implementation specific adjustment to its transmit power to handle this overlap, and such adjustment is not known at the eNB and it could negatively impact the reception performance at the eNB. For example, if some 16QAM symbols are transmitted with a different power than reference signal and other 16-QAM symbols, there is a high propability that those symbols are not detected correctly.
Observation 1: For CA, it is sensible to limit the maximum allowed timing difference between TAGs, since UE implementation based power adjustment may be needed to handle the overlap portion, which may impact the transmission of the whole subframe.
For synchronous DC with same duplex mode in MeNB and SeNB (either FDD-FDD or TDD-TDD), the UE transmit power is defined in the same way as for CA with multiple TAGs [5]. Therefore, we think it is reasonable to limit the maximum allowed timing difference between MeNB and SeNB, using the same methodology as for CA [4].
More specifically, the 2.21s timing uncertainty in UE RX/TX can be added on top of the maximum allowed DL timing difference, which is defined in section 7.13 of 36.133 as 33s for synchronous DC. The maximum allowed UL timing difference between MeNB and SeNB is then 35.21s.
Proposal 1: The maximum allowed UL timing difference between MeNB and SeNB is 35.21s for synchronous DC with same duplex mode in MeNB and SeNB.
For synchronous DC with different duplex modes in MeNB and SeNB (TDD-FDD), we noticed that there were some discussions on CA with multiple TAGs [6] in last meeting. The main question is how to handle the fixed TA offset of 20s from TDD. We didn’t identify any technical difference between CA and DC which enforces different solutions for DC compared to CA, so we think it is straightforward to use the same solution for DC as for CA.
Proposal 2: For synchronous DC with different duplex modes in MeNB and SeNB, the solution to handle 20s fixed TA from TDD is same as for CA with multiple TAGs. 
For asynchronous DC, the UE transmit power is explicitly specified also for the overlap portion, and remains constant for the duration of the whole subframe. Therefore, the motivation to limit the overlap portion by defining the maximum allowed UL timing difference no longer exists, compared to CA and synchronous DC.
On the other hand, we understand that the operators do not need to care about the cell phase synchronization accuracy between MeNB and SeNB, and as a result, there is no requirement on the maximum allowed DL timing difference. Therefore, there is no reason for RAN4 to reuse the same methodology as for CA [4] to define the maximum allowed UL timing difference.
Observation 2: For asynchronous DC, same motivation to define maximum allowed UL timing difference as for CA and synchronous DC does not exist. 
Based on above observation, we think RAN4 need to discuss the need to define requirements on the maximum allowed UL timing difference, e.g. if there is any problem in UE implementation to support large timing difference. 
Proposal 3: RAN4 should discuss the need to define requirements on the maximum allowed UL timing difference for asynchronous DC. 
3 Conclusions 
In this paper, based on the maximum allowed UL timing difference for CA, we analyzed the possible requirements for DC. In particular, we have the following observation and proposal.
Observation 1: For CA, it is sensible to limit the maximum allowed timing difference between TAGs, since UE implementation based power adjustment may be needed to handle the overlap portion, which may impact the transmission of the whole subframe.
Proposal 1: The maximum allowed UL timing difference between MeNB and SeNB is 35.21s for synchronous DC with same duplex mode in MeNB and SeNB.
Proposal 2: For synchronous DC with different duplex modes in MeNB and SeNB, the solution to handle 20s fixed TA from TDD is same as for CA with multiple TAGs. 
Observation 2: For asynchronous DC, same motivation to define maximum allowed UL timing difference as for CA and synchronous DC does not exist. 
Proposal 3: RAN4 should discuss the need to define requirements on the maximum allowed UL timing difference for asynchronous DC. 
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