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1. Introduction

At RAN WG4#15 meeting in Boston, January 2001, a contribution [1] was presented, in which it was proposed that the active set size be reduced from 6 to 4 when user specific beamforming is applied.  The arguments presented were not universally accepted and a number of comments were sent on the email reflector.  These were discussed in a contribution presented at RAN WG4#16 in Vienna [2] but once again the arguments given for reducing the active set size from 6 to 4 were not seen as convincing.  Additional documents were presented at RAN WG4#17 in Gothenburg [3], [4] and at RAN WG4#18 in Berlin [5], [6], [7].  This contribution attempts to summarise the main arguments given for and against reducing the active set size from 6 to 4 and to draw an appropriate conclusion.

2. Summary of the Arguments

Arguments in favour of reducing active set size from 6 to 4

(i) With a beam aligned to the UE only one beam per cell is needed for a UE and so the active set number needed depends on the number of surrounding cells.  [The dependence on the number of surrounding cells is true whether or not beam forming is considered.  The presence of the beam forming has little if any influence on how many surrounding cells may be present.  This argument overlooks the purpose of the active set in reducing the probability of dropped calls particularly in transition between regions with and without beamforming.]

(ii) The current requirement for the UE to support 6 radio links in the active set is based on the signalling delay in a handover process, but for beams aligned to the UE the signalling delay is less significant as user-specific beamforming is typically applied in small angular spread environments.  [It is not obvious that the delay spread will always be shorter with beamforming antennas. There is no assumption in the spec regarding the width of an antenna beam and so we must be careful before concluding that all beams will be narrow and have a correspondingly low delay spread - we should not exclude beamforming with wider beam widths. Even with narrow beam widths there may be scenarios which have larger delay spread - a simple scenario is a reflection from an object that is in the line of the antenna beam but some distance further away from the cell site than the mobile.]

(iii) Transmit diversity studies suggest that with 4-branch Tx-diversity it is difficult to reach better performance than with 2-branch Tx-diversity in Vehicular A radio environment.  [This argument again overlooks the importance of the active set size in reducing the probability of dropped calls and is not specific to the presence of beam forming.]

(iv) Implementation is easier.  [And yet active set size of 6 is still needed when beamforming is not present.]

Arguments against reducing active set size from 6 to 4
(a) There should be no restrictions on the design and deployment of the antenna array, and so, for example, the specification should not prevent the deployment of beamforming within a 'sector'.  This implies no difference between the active set size for common and dedicated pilots.  

(b) Active set size determines number of cells in soft handover and the probablility of dropping calls and is not affected by the use of dedicated pilots.

(c) Although there may be stable scenarios using user specific beamforming with limited active set size, the use of beamforming will not be universal and so the need for an active set size of 6 becomes critical at boundaries where the UE transitions between regions with and without user specific beamforming. 

(d) A UE cannot be aware of whether beam forming is being applied  - it must perform the same whether a narrow beam, wide beam or omni-directional sector is being considered.

3. Conclusion and the Proposal for RAN WG4

Reviewing the arguments that have been presented to RAN WG4 and are summarised above there does not seem to be any convincing reason offered why the use of user-specific beamforming should be considered as a valid argument for decreasing the size of the active set.  It is therefore proposed that the active set size not be reduced from 6 to 4 when user-specific beamforming is applied.
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