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1 Introduction

One of the key issues for the Enhanced Uplink is whether it will be able to operate in soft handover. Fundamental to this is the question of how TFC control could work with multiple Node Bs. A number of proposals have already been made for Node B control of scheduling by means of fast control of the TFCS. In this paper we discuss some of the possibilities and issues which need to be considered. 

2 Proposed schemes for SHO

Schemes proposed so far can be divided basically into those which involve selecting a single Node B as the scheduling entity and those which involve an algorithm in the UE to combine the scheduling commands (or TFCS restriction messages) received from the different Node Bs.

2.1 Single scheduling Node B

If a single Node B is selected as the scheduling entity, it is important to take into account both the channel quality and the relative loadings of the different cells. 

Consider, for example, a case when a first Node B which has the best uplink channel is selected, and the UE uses the TFCS (or a subset of it) signalled by that Node B. Provided that the first Node B continues to have the best uplink channel throughout the transmission of the next packet, the interference generated to any other Node B in the active set will be less than the scheduling Node B.  However, if a neighbouring cell is already more heavily loaded than the cell of the Node B with the best uplink, the higher load-level in the neighbouring cell could mean that the lower additional interference level is still intolerable. 

Alternatively, the Node B which has the best downlink channel may be selected. This can ensure that the downlink signalling, including scheduling and rate-assignment information, can be received reliably with the minimum transmit power. However, this cannot make best use of the available uplink resources, as the downlink channel is not correlated with the uplink channel. 

2.2 Combination of scheduling commands from multiple Node Bs

Some schemes proposed so far for combining scheduling commands received from different Node Bs in SHO include:

a) Selecting the smallest (i.e. lowest-rate) TFCS signalled by any of the Node Bs

This method is similar to the method used in Rel-99 for combining TPC commands received from multiple Node Bs in SHO. Some measure of reliability of the signalling commands may also be taken into account. One issue which requires further study with this method is how to prevent a Node B with a poor uplink channel from causing a reduction in the data rate which could satisfactorily be received by another Node B with a better uplink channel. 

b) Applying a weight factor to scheduling commands from different base stations

This method makes it possible to give preference to Node Bs under certain conditions, taking into account for example varying channel qualities and cell loadings. However, further study is required to evaluate how to choose weight factors effectively, and whether this is an efficient method for controlling the TFCS.

3 Other considerations

If it is decided to use multiple scheduling or rate-assignment commands in SHO, it may be overly restrictive to select a single Node B as the scheduling entity. However, it may not be necessary to provide an algorithm for combining the scheduling commands. 

One simple compromise method could be to allow every Node B in the active set to transmit a permitted TFCS (e.g. by means of a threshold in the total TFCS) to the UE. The UE could then maintain a list of Node Bs which are able to receive each TFC. 

The UE could make transmissions using any TFC which is signalled by at least one Node B, and those Node Bs which did not signal that TFC as being in its preferred TFCS could simply ignore packets using that TFC. (In this case, Node Bs would not necessarily be expected to transmit NACKs in response to packets which used a TFC which was not in its signalled TFCS.)

This effectively allows the active set size to scale depending on TFC (i.e. generally depending on data rate).

In order to avoid excessive noise rise being generated in cells which are already heavily-loaded, Node Bs could also be permitted to veto TFCs which would cause too large an increase in the noise rise. 

An example is shown below for an active set size of 3, showing the Node Bs which have indicated that they can receive each TFC:
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In this example NodeB_3 has determined that TFCs 4, 5 and 6 would cause unacceptable interference in its cell, and has therefore vetoed the use of TFCs 4-6 in case they are in the TFCS-subset of another Node B in the UE’s active set. 

If the UE had sufficient data to transmit, it could transmit using TFC3 but not TFCs 4, 5 or 6. 

Further study is required to consider which Node Bs should transmit ACK/NACK signalling for each TFC. 

4 Conclusions and Recommendations

It is important to allow cell loading to be taken into account as well as channel quality and noise-rise when considering scheduling for the EUL in soft handover.

It may be too restrictive to select a single Node B as the scheduling entity for all TFCs.

It may not be necessary to specify an algorithm for combining scheduling or rate-assignment commands from different Node Bs. 

Further consideration should be given to the possibility of the UE maintaining a list of which Node Bs can receive each TFC, as well as allowing Node Bs to veto the use of specific subsets of the TFCS which might cause excessive noise rise in their cells. 

































































































