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Introduction

In the last RAN standardisation meetings quite some discussion were held on the scheduling mechanism used for Enhanced Uplink. Especially the operation in soft handover is an area where there are still some open issues, which need to be solved. This contribution further discusses scheduling issues in soft handover and addresses in particular the Node B hardware resource allocation during soft handover operation.

Problems During Soft Handover Operation

Inter-cell Interference Limitation

It was already decided, that in a soft handover scenario there is only one serving cell, which allocates a UE the maximum allowed amount of resources (max E-TFI or max power ratio) for uplink transmissions by signalling absolute grants. Since the serving cell is not aware of the interference situation in neighbouring cells, there is a need for a mechanism to avoid generating excessive interference in those neighbouring cells. Therefore it is required that the non-serving cells have the possibility to influence the uplink resource utilization of UEs in soft handover.  In the last RAN2#44 meeting and during e-mail discussion on RAN1AH reflectors it was agreed, that non-serving cells are allowed to send relative grants (Keep/down) to soft handover UEs. A “Down” command enables the non-serving cells to limit the uplink resource utilization of soft handover UEs. The detailed scheduling mechanism is still FFS, i.e. whether the “Down” is relative to the current data rate used by the UE or to the current maximum allowed data rate (UE pointer). 

Node B Hardware Resource Allocation 

Similar to the requirement of limiting the interference experienced by neighbouring cells respectively by the corresponding Node Bs, it is important to limit the amount of hardware resources in the Active Set Node Bs during soft handover operation. The non-serving cells are not aware of the expected data rates of a soft handover UE since they have no knowledge of the absolute and relative scheduling grants sent from the serving cell. Indeed the scheduler in each cell will allocate a certain amount of uplink resources to a UE and dimension its hardware resources accordingly. One main concern is that some of the non-serving Active Set Node Bs may over-dimension the hardware resources allocated to the soft handover UE. 

Performance Improvement During Soft Handover Operation 

UE Reporting Mechanism 

One approach to limit the amount of processing in the Node Bs and allow for an efficient resource allocation within the Active Set Node Bs by means of two stage scheduling was presented in [1]. A SHO UE reports back to all Active Set Node Bs the maximum allowed uplink resources allocated by the serving cell. With this mechanism all Node Bs are aware of the maximum data rate or power and can reallocate the hardware resources accordingly. Although this approach synchronises the Active Set Node Bs, there are certain drawbacks, which were already addressed during the last meetings. 

Since the UE mirrors the allocated rate or power information to the Active Set Node Bs before the actual transmission, some additional delay is introduced, which is not desirable. A further disadvantage of this mirroring scheme is the additional interference caused by the physical layer signalling for the UE feedback, which is especially harmful in soft handover. In order to enable the active set Node Bs to (re)allocate their processing resource properly, the data rate respectively power information has to be received correctly by each Node B in the active set. Due to link imbalances in soft handover the signalling needs to be very robust and therefore requires to be transmitted with sufficiently high power. 

In [2] MAC-e signalling is introduced as an alternative to the physical layer signalling for the rate/power information reporting. It is proposed to define a MAC-e control PDU for the signalling of scheduling related control information as for example the described UE feedback. The information would be sent using the HARQ protocol, which provides some advantage over physical layer signalling due to the time diversity and soft combining gain. However in order to fully exploit the gain of this mirroring scheme, the introduced additional delay should be as small as possible. Therefore the HARQ operation point has to be chosen such that the MAC-e control PDUs will be provided to all of the Active Set Node Bs without the necessity of several retransmissions. Hence from interference point of view there may not be that significant gain compared to the physical layer signalling. Since MAC-e control signalling was not discussed in detail so far, there might be other issues, which need to be considered. The MAC-e control PDUs may for example have an impact on the E-TFC selection, multiplexing and the priority handling within in the UE. 

The concept of mirroring data rate/power information to the Active Set Node Bs provides the possibility for a precise hardware resource allocation in the Active Set Node Bs, however at the cost of additional interference and additional delay. Bearing in mind that the data rates in soft handover are not expected to be that high, it is questionable whether such a precise control justifies the inherited disadvantages. Therefore we don’t think, that such mechanism is required as also shown in [4].

Network-based Solution 

As an alternative to the mirroring mechanism, some network-based solution, which is not relying on UE reporting, could be used in order to limit the hardware resources of the Active Set Node Bs. Higher layer signalling could be used to control the maximum resource a SHO UE may use. One simple option would be to introduce an upper limit on the data rate/power as mentioned in [3]. This upper limit would be provided to the Active Set Node Bs by RNC. The non-serving Node Bs could dimension their hardware resources based on that upper limit. The peak data rate/power could be set by RNC itself or by the serving cell. Alternatively non-serving cells could influence the upper limit. A detailed description of the network-based solution is FFS. 

Conclusions
The contribution discusses scheduling performance issues during soft handover, in particular the Node B hardware resource allocation. Mirroring mechanism and network-based solution are outlined as possible methods for performance improvement during soft handover. It is proposed to start discussion on a network-based solution for the coordination among Active Set Node Bs from point of view of hardware resources in the group.  

As interference limitation and hardware resource allocation are important for EDCH performance, it is proposed to conclude discussion on these issues within Rel6 framework. Since application protocols are affected, it is proposed to have a joint session with RAN3 on this issue or to send a liaison statement.   
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