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1
Introduction
In [1], an issue regarding timing advance handling in case of TDD-FDD CA was raised. The issue pertains to the fact that in TDD an additional offset of roughly 20 µs is added to the timing advance value, leading to non-aligned UL transmissions even in case of single TAG. Furthermore in case of multiple TAGs, this could lead to maximum of 52.78 µs timing difference between the UL transmission timings in TDD and FDD cells if current definitions are followed. In this contribution we discuss our views on how to deal with this issue.
2
Handling of timing advance in TDD-FDD CA 
In [1], it was pointed out that in TDD there is an extra offset in the uplink timing advance added for enabling a switching gap for the UL-DL switching. This extra offset (NTA offset) is roughly 20 µs. Hence, in TDD-FDD CA the uplink transmissions on the TDD carrier would become 20 µs more advanced compared to the FDD uplink carrier, even with a single TAG. On the other hand, with multiple TAGs, this could lead to 32.47 µs + 20.31 µs=52.78 µs maximum timing difference between the TAGs. Hence RAN1 needs to agree on how this issue is handled. There are several possibilities:

1. The maximum supported timing difference between different TAGs is extended to 52.78 µs. In this case, at least RAN4 would need to be consulted as currently the power ramp-up/down transition times are specified to be only 20 µs and therefore 52.78 µs could be excessive to be left for UE implementation to handle. Also the existing rules might not be sufficient and hence some new rules for handling the power-limited case may need to be defined.

2. The issue can be handled by relying on the existing multi-TA framework. More precisely, the UE can be configured with different TAGs for the TDD and FDD serving cells, in which case timing difference up to 32.47 µs would be supported. This is sufficient for handling the extra offset, however it would also reduce the maximum supported timing propagation delay difference to roughly  10 µs, corresponding to 3 km difference in propagation distance (if possible repeaters are not considered). 

3. The issue can also be handled by eNB implementation by aligning the FDD cell reception timing with the TDD cell. In this case the TA for all UEs (including legacy UEs) within the FDD cell is biased by ~20 µs. The existing multi-TA framework would be used to set different FDD and TDD TA values for TDD-FDD CA UEs. This way the maximum supported propagation delay difference between the TAGs is kept as 30 µs (and 2.47 µs reserved for relevant tolerances).

4. FDD cell reception timing can also be aligned with the TDD cell timing by enabling configuration of CA specific TA offset values to the UE when configured with TDD-FDD CA. Single TA value would be used and Pcell would remain as the timing reference. This is very similar to option 3, the main difference being that the TDD-FDD CA UEs do not need to be configured with multiple TAGs, hence avoiding the slight overhead from managing multiple timing advance values. Still, for the legacy UEs on the FDD serving cell the timing advance needs to be biased by ~20 µs in order to keep the timing for all UEs in the cell aligned.

5. A further possibility is utilizing only a single TA value (and hence a single TAG), but using the existing multi-TAG (power control) rules for handling the overlapping part of the UL transmissions. In this case one would have to specify that the current dropping and power adjustment -based rules may be used in case of TDD-FDD CA (with a single TAG) in addition to the multi-TAG case. Note that this is not a standalone solution and requires also a mechanism for handling the multi-TAG case (which does not need to be necessarily a specified mechanism if one of options 2 or 3 is adopted).

Note that options 1, 2 and 3 require the UE to be configured with multiple TAGs. Options 4 and 5 are essentially single TAG optimizations for the co-located cases, avoiding the management of multiple timing advance values when from propagation delay difference point of view it is not necessary. Since there are implementation-based options as well as more simple specification-based options on how to handle the issue, clearly option 1 is not preferred. As non-colocated cases need to be supported anyway, our preference would be to rely on eNB implementation (options 2 and 3), and it could be further discussed whether any additional optimizations are specified for handling TDD-FDD CA with a single TAG, e.g. options 4 and 5.

It is noted that the eNB implementation-based options 2 and 3 require that the UE supports multiple timing advances for the TDD-FDD CA case. Also with option 5 the UE is required to support handling of the partially overlapping UL transmissions according to the current multi-TAG rules even if only a single TAG would be configured. Currently the multi-TA feature is not a mandatory feature for TDD band combinations while it is mandatory for FDD inter-band band combinations. Considering some practical deployments where the coverage is provided by an FDD macro cell and capacity is provided by a TDD small cell (obviously non-colocated with the macro), it can be envisioned that a typical UE supporting TDD-FDD band combinations is likely to anyway support multiple TAGs. From this perspective we do not see it as a big problem that a TDD-FDD CA capable UE would be required to support multi-TA functionality for the TDD-FDD band combinations.
Proposals:
· The timing advance mismatch in TDD-FDD CA can be handled by eNB implementation.

· In this case UEs supporting TDD-FDD CA are required to support multiple timing advances for TDD-FDD band combinations. 

· Discuss whether additional mechanisms to enable TDD-FDD CA with a single TAG shall be specified.

3
Conclusions

We have discussed the timing advance issue raised in [1] for TDD-FDD CA. Our proposals are listed as follows:

Proposals:
· The timing advance mismatch in TDD-FDD CA can be handled by eNB implementation.

· In this case UEs supporting TDD-FDD CA are required to support multiple timing advances for TDD-FDD band combinations. 

· Discuss whether additional mechanisms to enable TDD-FDD CA with a single TAG shall be specified.
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