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1. Introduction

In RAN4 #72 meeting, a CR [1] was approved to introduce maximum transmission timing difference requirement for inter-band carrier aggregation. However, it only addressed the UE behavior when the maximum uplink timing difference between pTAG and sTAG is reached. In last RAN plenary #69 meeting, two new work items [4][5] was approved. It could be found in [4][5] that 3 UL CA shall be supported in Rel-13, which means that UE could be configured with three TAGs, i.e. pTAG and two sTAGs. Hence UE behavior should also be specified when maximum uplink transmission timing difference between sTAGs is reached. 
2. Discussion
Around RAN4 #68bis meetings, the methodology for calculating maximum uplink transmission timing difference between TAGs was widely discussed. Finally a way forward [2] was approved to capture the consensus:

· The worst case is the initial transmission case:


 - Factors involved for calculation:

· Factor (1): Propagation delay difference ( 30 us 

· Factor (2): Initial transmission timing error ( ±24Ts

· Factor (3): Uncertainty of the reception time in the UE downlink ( ±10Ts 

· Factor (4): eNB time alignment error (TAE) (260ns 

 - UL time difference between TAGs:   (1)+2*((2)+(3))+(4)= 32.47us
· The max UL time difference between TAGs is 32.47us for inter-band carrier aggregation with multiple TAGs. 

For factor (1), it is specified in TS36.300 that UE should cope with a relative propagation delay difference up to 30us among the component carriers to be aggregated in inter-band non-contiguous CA.
For factor (2), for each component carrier the initial transmission timing error is 8Ts + 4Ts=12Ts (half TA unit resolution plus TA adjustment accuracy).

For factor (3), uncertainty of the reception time in the UE downlink for each component carrier is taken as ±10Ts [3].

For factor (4), an approved CR [4] defined the TAE value for inter-band CA as:

· For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

· For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

· For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
Thus maximum UL time difference between TAGs can be calculated as (1)+2*((2)+(3))+(4)= 32.47us. Note that each factor above is identical for both pTAG and sTAG. So we propose:

Proposal 1: Requirement of maximum uplink transmission timing difference between different sTAGs should be defined. 
Proposal 2: Maximum uplink transmission timing difference between different sTAGs should be 32.47us.
Furthermore, UE behavior should also be specified when the maximum uplink timing difference between sTAGs is reached. It is straight forward that UE may stop transmitting on some SCell so that the uplink timing difference between other TAGs is within the maximum value. Unlike the legacy 2UL CA (UE has pTAG and only one sTAG), it is common understanding that pTAG has the highest priority so transmission on sTAG should be stopped. Considering more and more uplink CCs would be supported in future, the problem we facing here is that the uplink transmission on which sTAG should be stopped when the uplink transmission timing difference between sTAGs exceeds the maximum value above.
So we propose:

Proposal 3: If uplink transmission timing difference between any pair of sTAGs exceeds the maximum value which UE can handle, UE may stop uplink transmission on some sTAG. Transmission on which sTAG should be stopped need further studied.
3. Conclusions

In this contribution, we provide discussion on requirement for maximum uplink transmission timing difference for inter-band CA. After that we also present our proposals:
Proposal 1: Requirement of maximum uplink transmission timing difference between different sTAGs should be defined. 

Proposal 2: Maximum uplink transmission timing difference between different sTAGs should be 32.47us.
Proposal 3: If uplink transmission timing difference between any pair of sTAGs exceeds the maximum value which UE can handle, UE may stop uplink transmission on some sTAG. Transmission on which sTAG should be stopped need further studied.
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