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1
Introduction

During RAN#53, a WI was approved, whose aim is to standardise the Multiflow transmission for HSPA [1]. 

One the functional aspects of the Multiflow data transmission is that the time difference between cells belonging to different Node Bs or Node B sectors should not exceed 1.5 slots, as was agreed by RAN1. However, due to time drift, that difference can exceed the maximum tolerable value. It has been asked in [2] to consider whether additional mechanisms are needed to avoid the problem and/or mitigate its consequences, and RAN2#79 has decided that no additional RRC mechanisms are required [4].

In this paper, we present our considerations on the time drift problem, and in particular, concentrate on the UE behaviour if the time drift occurs despite mechanisms that the network can deploy.

2
Time drift problem

In Multiflow, both intra- and inter-site, one cannot assume that all the cells belonging to the same Node B will have the same DL timing as in case of MC-HSDPA. Even in the intra-site scenario, it is usually the case that cells have slightly different timing defined by the T_cell parameter. Since a Multiflow UE still has the single UL HS-DPCCH channel where the feedback from all the DL cells is provided, it was decided by RAN WG1, that it is the network responsibility to choose a so-called time-reference cell, so that the difference between the reference and non-reference cells is less than 1.5 slots plus/minus the predefined hysteresis [2]. 

As mentioned in [3], there is a non-zero probability that the relative time drift leads to a situation when the time difference exceeds the maximum threshold of 1.5 slots and hysteresis. This can be especially the case when the time difference between Node Bs is 1.5 slots, and the actual timing as perceived by a UE fluctuates around that value, potentially exceeding the maximum tolerable value.

In general, our view is similar to [3] in a sense that it is not that common case to occur, and RNC having more or less periodic measurements from a UE can re-configure it pro-actively. Nonetheless, we cannon neglect such a situation and, from the network perspective, would need to ensure that there is at least a common UE behaviour in such a situation. Otherwise, if we leave it open or “unspecified”, then different UE implementations may react to it differently, such as stop the HS channel reception on the non-reference cells, or falling to the FACH state, or even the Idle state. The latter scenarios are undesirable, especially bearing in mind the fact that a UE is still reachable over the time reference cell, UL HS-DPCCH channel for which is in sync by definition.  

Proposal 1: Agree upon the common UE behaviour when the time drift exceeds the tolerable value. 

3
UE behaviour upon time drift 

In this section we elaborate more on possible UE behaviour upon the time drift, as well as solutions to mitigate its consequences. 

One way for a UE to react upon the time drift is to transit to the FACH state and initiate the CELL UPDATE procedure. This approach has already been adopted for a few error cases and is proven to be robust enough against that kind of errors. The only drawback of that solution is that if there is an ongoing data transmission, then the network would need to move a UE back to the DCH state and configure again Multiflow operation. Even though such a sequence of actions if feasible, it is least efficient from the performance point of view, especially bearing in mind the fact that a UE still can be reached reliably over the time reference cell.  

Taking the considerations above into account, it is possible for a UE to stay in the DCH state and continue with the HS reception at least on the time-reference DL cell. Of course, drifted time would not allow a UE to generate the HARQ ACK/NACK within the defined time [2], so any data scheduled over the non-time-reference cell would be considered as lost from the Node B point of view in the absence of the HARQ feedback. Even if no further actions are taken, sooner or later RNC will detect this situation and, at least, will stop sending data over that cell.  

Proposal 2a: A UE stays in the DCH state if time drift exceeds the tolerable value. 

It should be noted that drifted time still does not prohibit a UE from sending CQIs for the non-time-reference cell. However, as explained above, it does not help in a sense that Node B still will not receive HARQ ACK/NACKs for the scheduled data. Even worse, if a UE sends HARQ ACK/NACK feedback messages but does not ensure the correct timing, then it may confuse the Node B DL scheduling process. 

Thus, one optimization that RAN2 can consider is that if the time drift occurs, a UE can start sending NULL or zero CQI values for the non-time-reference cells. It will prevent Node B from scheduling DL data, thus not compromising DL performance. Alternatively and/or complementary, RAN2 can consider prohibiting a UE from sending any HARQ feedback messages when the time drift occurs. 

Proposal 2b: A UE should send zero/NULL CQIs and/or stop sending the HARQ feedback messages for the non-time reference cell if the time drift exceeds the tolerable value. 

4
Conclusion

In this paper, we have presented our considerations on the UE behaviour when the time drift occurs, exceeding the maximum tolerable value. As a summary, our proposals are:

Proposal 1: Agree upon the common UE behaviour when the time drift exceeds the tolerable value. 

Proposal 2a: A UE stays in the DCH state if time drift exceeds the tolerable value. 

Proposal 2b: A UE should send zero/NULL CQIs and/or stop sending the HARQ feedback messages for the non-time reference cell if the time drift exceeds the tolerable value. 
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