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1 Introduction

In Rel-10 carrier aggregation, all the serving cells are time synchronized, and the PCell timing is used as the reference. Then, multiple TA groups are specified in Rel-11 CA mainly for the CA scenario 4 and 5, which are for the deployment of RRH and repeater. The main reason having multiple TAG is due to the different propagation delays from non-co-located serving cells.

We assume the principle handling multiple TAG can be applied to TDD-FDD CA. One more point to discuss is due to difference on frame/subframe structure of FDD and TDD, i.e. a fixed 20us timing offset is only applied for TDD cell to accommodate the UL-to-DL switching time of eNB, which has further impact on UE’s UL transmissions. In this document, we provide our views on how to handle it.  
2 Discussion 
According to LTE specification [1], the transmission of the uplink radio frame number 
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 seconds before the start of the corresponding downlink radio frame at the UE, where 0 ( NTA ( 20512, 
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for frame structure type 1 and 
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 corresponding to a time of about 20us. Assuming the DL transmission timing at a FDD cell and a TDD cell are aligned, further assuming the propagation delay from UE to both cells are equal, the UE transmission timing of the FDD cell and the TDD cell are illustrated in Figure 1. For simplicity, it is assumed propagation delay is 0us for both cells in Figure 1. 

[image: image6.emf]D D D D D D D D D D

U U U U U U U U U U

D U S U D D U U D S

20us

FDD UE RX timing

TDD UE RX/TX timing

FDD UE TX timing


Figure 1: UL transmission timing at UE
From Figure 1, UE UL transmission timing on FDD cell and TDD cell has a fixed 20us difference even when assuming the same propagation delay to both cells. It causes the overlapping of adjacent UL subframes on the two cells. 
In MTA operation in Rel-11, a maximum of 32.47us timing difference or overlapping of UL subframes could be handled by multiple TAG [2]. The above-mentioned 20us difference is still within the specified range for MTA operation. However, it is worth noting that as shown in Figure 1, the 20us difference acts as a factor that affects UE UL transmission in addition to any other factors including propagation delay and any timing errors. 
If NTA offset is maintained as it is for FDD and TDD respectively (i.e. 20us for TDD and 0us for FDD), RAN1/RAN4 have to check whether UE could properly work with a overlapping of adjacent UL subframes on the two cells of about 32.47+20=52.47us. If the maximum overlapping needs to be limited to 32.47us for TDD-FDD CA, some methods are required to align UE transmission timing as much as possible, so that 32.47us can still account for mainly the propagation delay. We may need to define new UL transmission timing of a FDD cell for a TDD-FDD CA capable UE. However, since UL reception timing at eNB side is unique, UL transmission timing of other legacy UEs needs an adjustment too, which can only be done by legacy TA mechanism.
Observation 1: 

· RAN1/RAN4 need to check whether UE could properly work with up to 52.47us overlapping of adjacent UL subframes on the FDD cell and TDD cell

· If 32.47 is still the limit for overlapping for TDD-FDD CA, a method is needed to align UE transmission timing as much as possible
As specified in Rel-10/11 CA, single TAG and multiple TAG are supported. For example, the typical scenario for single TAG operation is CA scenario 1/2/3, and it is CA scenario 4/5 for multiple TAG operation. We think basically the same mechanism could be extended to TDD-FDD CA too. If it’s CA scenario 1/2/3, it’s possible to run TDD-FDD CA using just single TAG after the fixed 20us timing offset are compensated. As to CA scenario 4/5, it’s reasonable that it typically operate TDD-FDD CA using multiple TAG. 
Observation 2: 

· Both single TAG operation and multiple TAG operation could be supported in TDD-FDD CA
3 Conclusions
This contribution discussed the difference on UE UL transmission timing caused by different frame/subframe structure of FDD and TDD, we observe that, 
Observation 1: 

· RAN1/RAN4 need to check if UE could properly work with up to 51.3us overlapping of adjacent UL subframes on the FDD cell and TDD cell cells
· If 32.47 is still the limit for overlapping for TDD-FDD CA, a method is needed to align UE transmission timing as much as possible
Observation 2: 

· Both single TAG operation and multiple TAG operation could be supported in TDD-FDD CA
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