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1 Discussion
In LTE Rel-11, UL multiple TA is introduced where UL TA in different TAGs can be controlled independently. During the RAN1 discussion on multiple TA, the following has been an agreement in the specification, which is quoted from [1].
	In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs


However, there is no notion of such a limitation to the UL TA difference between different TAGs in current LTE Rel-11 specifications. Therefore, with current specification, UL TA difference of different TAGs for a UE can be up to around 700us considering maximum DL reception timing difference of around 30us [2] and maximum DL-UL TA of around 667us in current specifications. This is the case that one cell is around 100km far away and the other cell is very close to UE. At UE reception point, DL timing difference is up to 30usec. This potential big TA difference may result in complexity of Rel-11 UE DL/UL processing compared with Rel-10 UEs.
Figure 1 illustrates an example of UE UL processing depending on the maximum TA difference of two TAGs. In Rel-10, UE scheduling of UL transmission in UL subframe n can start from UL subframe n-1 and the UE can prepare and buffer the UL transmission during subframe n-1 timing. It is likely that the same implementation is possible for Rel-11 UEs as in figure 1(a) if the UL TA difference is limited to ~30us since the delay caused from the different TA is marginal.

On the other hand, if there is no such a limitation to the UL TA difference, UE should be able to handle ~700us TA difference considering maximum TA of 20512 Ts, TA offset of 624 Ts and maximum DL reception timing difference of ~30us. In this case, UE’s available processing time is considerably reduced as in figure 1(b) if UE starts processing for the UL transmission in subframe n from subframe n-1 with delayed timing of cell 1. Another way of UE implementation is to start processing for the UL transmission in subframe n from subframe n-1 with advanced timing of cell 2 as illustrated in figure 2(c). However, this would require UE’s faster DL processing and addional buffering for the UL transmission in cell 1.
Even though the issue mentioned above can be handled by UE implementation, causing such an additional implementation complexity of Rel-11 UE from Rel-10 UE seems unnecessary since multiple TA in Rel-11 specifications is designed targeting maximum around 30us TA difference. Therefore, we propose to consider limiting the UL TA difference of different TAGs up to around 30us in Rel-11 specifications.
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Figure 1   Example of UE UL processing according to the TA difference between TAGs

In the specification point of view, if we don’t limit maximum TA difference within ~30us it may have to be reconsidered whether we should specify more refined UE behavior regarding UL power control for the overlapped transmission in different TAGs since we focused on the maximum 30us TA difference during the Rel-11 specification.
Suggestion: Discuss in RAN1 limiting the UL TA difference of different TAGs up to around 30us in Rel-11 specifications.

Regarding how to limit the maximum TA difference between different TAGs of a UE, one way is to follow the example of DL reception timing difference described in Annex J.1, TS36.300, which is quoted below:

“A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s.”
Still, it should be discussed if stage 2 specification is a correct place and if network can guarantee the maximum TA difference so that UE behavior doesn’t need to care about the case when TA difference exceeds ~30us.
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