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1. Introduction

In RAN#60, LTE TDD-FDD joint operation was approved as Rel-12 WI [1]. For the carrier aggregation of a TDD cell and a FDD cell, different characteristics regarding TA (timing advance) operation between different duplexing modes should be considered. That is, to multiplex DL and UL directions in a same carrier frequency, fixed TA offset is applied to TDD by 624 (
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In this contribution, we discuss the TA issue to support carrier aggregation of TDD-FDD carriers.
2. Timing Advance for TDD-FDD CA
UL-DL frame timing is defined in [1] as follows. UL frame timing is adjusted by 
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 seconds before corresponding DL frame timing, where 
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 is TA command from eNB, and 
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 is fixed TA offset. 
	Transmission of the uplink radio frame number 
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 from the UE shall start 
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 seconds before the start of the corresponding downlink radio frame at the UE, where 
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for frame structure type 1 and 
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 for frame structure type 2. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.


[image: image10.emf]Downlink radio frame i

Uplink radio frame i

 

seconds    

s offset TA  TA

T N N

 




Due to the different 
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 values of TDD and FDD, we need to decide how to apply TA for TDD-FDD CA to align UL frame timing between carriers. We consider three options.
Option 1: To separate FDD cell and TDD cell into different TAGs

In Rel-11, support of multiple TAGs has been adopted in addition to single TAG to support different channel delay between cells in different carrier frequencies. A UE can be configured with independent TA for each TAG. Therefore, if eNB allocates FDD cell and TDD cell into different TAGs separately, a UE doesn’t need to align the UL subframe boundary between FDD cell and TDD cell configured to the UE. It should be noted that eNB should manage UL transmission timing difference of a UE not to exceed 32.47 us, which is the maximum UL transmission timing difference manageable by UE with multiple TAGs [3]. However, with this option, eNB and UE should always mange multiple TAGs even if the actual environment doesn’t need that. It should be also noted that UE should transmits PRACH on secondary TAG before it starts transmission on secondary TAG or if it doesn’t receive TA command or UL scheduling for the secondary TAG for a while, which would be an unnecessary overhead.

In the option 2 and option 3 below, we assume FDD cell and TDD cell configured to a UE can be in a same TAG. That is, UE’s radio frame transmission timing is kept same between FDD cell and TDD cell.
Option 2: To adjust DL frame timing of FDD before that of TDD by 
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The difference of 
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 between FDD cell and TDD cell can be compensated by adjusting the DL frame timing of FDD cell before that of TDD cell by 624. In our understanding, if TDD-FDD cell aggregation is only allowed for the inter-band carriers, the difference of DL reception frame timings between cells may not cause a problem since current specification already allows up to 30 us reception timing difference between cells in inter-band non-contiguous CA case [2]. However, it may still need to be clarified if UE behaviour on TA is clear assuming this operation without anything specified further.
Option 3: Define TA reference cell in a TAG
In this option, we need to consider two subcases. One is collocation of FDD and TDD cell in the primary TAG (including PCell), the other is that in the secondary TAG (not including PCell).
For the primary TAG, PCell is already defined as the reference cell in Rel-10/11 where TA command will be applied, so that TA command will be adjusted according to the frame structure type of the PCell. On the other hand, for the secondary TAG, the reference cell for TA is not defined. Accordingly, we need to define the reference cell for the secondary TAG (e.g. a serving cell where PRACH transmission has been triggered by PDCCH order could be defined as the reference cell)
3. Conclusion
This contribution discussed the timing advance issue to support TDD-FDD CA. Based on the discussion we propose two approaches for TA of TDD-FDD CA:

Approach 1: To adjust DL frame timing of FDD before that of TDD by 
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, if the difference of DL reception frame timings between cells does not cause any problem.
Approach 2: The reference cell to apply TA command should be defined for the secondary TAG.
It should be noted that the two approaches above are not necessarily mutually exclusive.
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