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1 Introduction
A new WI has been approved regarding Rel-13 enhancements of dual connectivity in RAN plenary in March 2015. One of the topics in this new WI is to study UL maximum timing difference for dual connectivity. 

In this contribution, we provide our proposals regarding UL maximum timing difference for dual connectivity in synchronous and asynchronous mode.

2 Maximum UL timing difference in synchronous dual connectivity
Since dual connectivity operation is based on CA configurations, we follow similar methodology as it was done for CA in [2]. According to referred WF in [2], there are four components that should be considered to determine the max UL timing difference, as listed below:
1. Propagation delay difference: this is directly related to physical locations of the eNBs with respect to the terminal 
2. eNB time alignment error (TAE): this parameter defines the subframe or frame level transmission timing misalignment between eNBs.
3. Initial transmission timing error: This is accuracy requirement when the initial transmissions are done at the UE 

4. Uncertainty of the reception time in the UE downlink: This uncertainty relates to UE reception. In a very noisy receiver, this could be much higher.
We present our calculations below for synchronous case (considering that Ts = 32.55ns):

	Propagation delay difference
	33µs
	In dual connectivity designs, the total of propagation delay difference and TAE for synchronous case is taken as 33 µs, without specifying the contribution from these two components
	Taken from [1], Section 7.13

	eNB time alignment error (TAE)
	
	
	

	Initial transmission timing error
	2*24Ts = 1.5624 µs
	The requirement is defined as ±24Ts for cell BW of 1.4 MHz
	Taken from [1],

	Uncertainty of the reception time in the UE downlink
	2*10Ts = 0.651 µs
	The requirement is defined as ±10Ts
	[4]

	Total = 
	35.21µs
	
	


Proposal-1: Define maximum UL transmission timing difference for synchronous mode of dual connectivity as 35.21µs for TDD-TDD and FDD-FDD deployments.

3 Maximum UL timing difference in asynchronous dual connectivity

Following the similar principle as for synchronous operation in Section 2, we present our calculations below for asynchronous case:

	Propagation delay difference
	500µs
	In dual connectivity designs, the total of propagation delay difference and TAE for asynchronous case is taken as 500 µs, without specifying the contribution from these two components
	Taken from [1], Section 7.13

	eNB time alignment error (TAE)
	
	
	

	Initial transmission timing error
	2*24Ts = 1.5624 µs
	The requirement is defined as ±24Ts for cell BW of 1.4 MHz
	Taken from [1],

	Uncertainty of the reception time in the UE downlink
	2*10Ts = 0.651 µs
	The requirement is defined as ±10Ts
	 [4]

	Total = 
	502.21µs
	
	


However, the maximum UL transmission timing difference cannot be anything more than 500 µs, thus, the maximum UL Tx timing difference for asynchronous DC must be limited by 500µs. 
Proposal-2: Define maximum UL transmission timing difference for asynchronous mode of dual connectivity as 500µs for FDD-FDD deployments.
4 Maximum UL timing difference in TDD-FDD dual connectivity
The above calculations are valid for both TDD-TDD and FDD-FDD dual connectivity. This is because of the fact that an additional 20µs timing advance is introduced for TDD, while no such offsets are introduced in FDD cases. Since maximum UL timing difference is a relative parameter between more than one UL transmissions, there are no issues for both TDD-TDD and FDD-FDD cases.

As described in [3], for TDD-FDD cases, there is an additional 20µs at the TDD transmitter. In that case, the total of propagation delay difference and TAE is reduced by 20µs to 13µs and 480µs for synchronous and asynchronous cases respectively.

As proposed in [3], one attractive solution to this problem could be to increase the max UL transmission timing difference by 20µs for both synchronous and asynchronous cases. Thus, we propose the following for TDD-FDD deployments:

Proposal-3: Define maximum UL transmission timing difference for synchronous mode of dual connectivity in TDD-FDD deployment as 55.21µs.   
5 Conclusions
We have analysed the maximum UL transmission timing difference for different deployment cases. Based on the analysis above, we propose the following:

Proposal-1: Define maximum UL transmission timing difference for synchronous mode of dual connectivity as 35.21µs for TDD-TDD and FDD-FDD deployments.

Proposal-2: Define maximum UL transmission timing difference for asynchronous mode of dual connectivity as 500µs for FDD-FDD deployments.
Proposal-3: Define maximum UL transmission timing difference for synchronous mode of dual connectivity in TDD-FDD deployment as 55.21µs.   
An LS is proposed in [5] to send the RAN4 agreements based on above proposals to RAN2 and RAN1. 
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