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1
Introduction

During RAN#62, a Work Item on Further EUL enhancements was agreed. One of the objectives listed under the WID [1] is to introduce coverage improvements by means of enhancements to the TTI switching mechanism:-
- EUL coverage improvements for single and multi RAB, by means of TTI switching and UPH measurements improvements;

Further, during the Study Item phase on Further EUL enhancements [2], some consensus was reached on an enhanced TTI switching mechanism, wherein the UE is configured with UPH measurements and reports the same to the NodeB when a triggering criterion is met. The NodeB may then inform the UE to switch to a different E-DCH TTI by means of an HS-SCCH order. This procedure is captured in more detail in [2]. 

Since the TTI switching order is transmitted by the serving Node-B in the above procedure, a mechanism may be required to notify the non-serving NodeB(s) of an impending TTI switch event in case the UE is in SHO. Such an indication may be forwarded by the serving Node-B to the non-serving Node-B’s through the RNC. However, this would introduce delays in the TTI switching procedure as the indication would have to be transmitted over the Iub interface. An alternative could be to for the UE to transmit the indication directly over the Uu interface. Both of these options are discussed further in the next section.
2
Indicating TTI switch to non-serving NodeB
2.1 UE based indication
In case of Soft Handover, in order to ensure that both serving and non-serving Node B's switch to the new TTI simultaneously, the UE could send a L1 or MAC indication over the Uu interface after receiving the HS-SCCH order and before the actual switch. It should be ensured, however, that the serving and non-serving Node B's can reliably decode such an indication from the UE in order to prevent any out of sync behaviour. This could entail, for example, transmitting the indication at higher power or re-transmitting a certain number of times.

In [3], we have analysed the reliability of an L1 indication, namely E-DPCCH orders, to indicate an upcoming TTI switch from the UE to the NodeB’s in its active set. 
In its simplest form, an example of this L1 indication is captured in Figure 1 for 2ms to 10ms TTI switch case. At TTI=4, the UE transmits a special E-DPCCH, hence forth referred to as E-DPCCH order, to indicate an upcoming TTI switch. Some pre-defined time duration after transmitting the E-DPCCH order, the UE switches to 10ms TTI. If both the serving and non-serving NodeB’s decode the E-DPCCH order transmitted in TTI=4, they would switch to the new TTI after the predefined time duration as well.


Figure 1: E-DPCCH order for TTI switch (no repetition)
As studied in [3], if the E-DPCCH order is transmitted only once, then reliably decoding the order at the serving and non-serving Node-B’s (in case of SHO) would require transmitting the order by up to 10dB more power. Such high power transmission could cause undesired out-of-cell interference to other (not in SHO) neighbouring cells. Further, if the UE is at cell-edge or coverage limit (typical use case for TTI switching) then it may not have enough headroom to boost the power level of the E-DPCCH order. 

A preferred alternative is to repeat the E-DPCCH order. This is captured in Figure 2 below for the case when the order is repeated five times.
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Whilst repeating the E-DPCCH order a fixed number of times can improve the reliability, it does not completely eliminate the possibility of error events. There may be scenarios where one or more of the NodeB(s) in the active set fails to decode the E-DPCCH order even after multiple repetitions. Such an error would result in out of sync situation with respect to the E-DCH TTI value. In this case, it would be up to the RNC to recover in such a situation. If the RNC fails to recover in time, these error scenarios could result in call drops. 
2.2 RNC based indication
One possibility to overcome the reliability issues for UE based indication is to rely on the RNC to synchronize the serving and non-serving NodeB’s in case of an upcoming TTI switch. In this mechanism, the Node B informs the RNC about the triggering criteria being met and the RNC responds with a "proceed" message. The serving Node-B transmits the HS-SCCH order for TTI switch to the UE and simultaneously the RNC inform all non-serving Node B's of the upcoming TTI length change.
Whilst more reliable, this method suffers from larger delay before the TTI switch can be executed as the indication from the serving Node-B to the RNC and from the RNC to the non-serving NodeB’s would have to be transmitted over the Iub interface. In practise, there would have to be a pre-defined and possibly large time interval defined between the acknowledgement of of the HS-SCCH order for TTI switch by the UE and the actual TTI switch boundary to account for the Iub delays.
3
Conclusion

In this contribution, we have discussed two alternatives for indicating the E-DCH TTI switch to non-serving NodeB’s. 
The first relies on a special E-DPCCH, namely E-DPCCH order, transmitted by the UE. In order for all the NodeB’s in UE’s active set to reliably decode the E-DPCCH order, it is proposed to repeat the order over a certain number of TTI’s. This method relies on the RNC to recover from error scenarios where one or more of the NodeB’s in the active set does not decode the order even after multiple repetitions. 
In the second option, the Node B informs the RNC about upcoming TTI switch and the RNC responds with a "proceed" message. The RNC also inform all non-serving Node B's of the upcoming TTI length change. Whilst more reliable, this method suffers from larger delay before the TTI switch can be executed as the indication would have to be transmitted over the Iub interface.
Proposal: For the HS-SCCH order based TTI switching enhancement, it is proposed to discuss the two options described above to indicate the E-DCH TTI switch to non-serving NodeB(s) when the UE is in SHO.
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Figure � SEQ Figure \* ARABIC �2�: E-DPCCH order for TTI switch (5 repetitions)
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