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1. Introduction

RAN4 is currently studying the performance aspects of beam forming when dedicated pilots are needed for phase reference (no S-CPICH is available in a beam). Also the preparation of test cases and requirements for a such feature is advancing in RAN4 and it is expected to have them finalized for release 4.

While studying beam forming performance some observations of the concept has been made. It seems quite obvious that some channels, which are currently allowed to be beam formed by WG1 specifications, should not be allowed from practical UE behavior and performance point of view. These issues are discussed in this paper and at the end a proposed LS to RAN1 is presented for approval. In the LS RAN4 is requesting clarifications and corrections from RAN WG1 for a beam forming specification.

2. observations from beamforming concept

2.1
Problem 1: S-CCPCH & Beam forming
RAN WG1 specification allows S-CCPCH to be transmitted in a narrower lobe when S-CCPCH carries only FACH. RAN WG1 specification does not explicitly define what kind of beam forming is allowed in this case. There are two methods to make beams: 1) using S-CPICH and 2) without using S-CPICH i.e., only dedicated pilots are available for a phase reference. 

Our opinion is that when S-CCPCH is carrying only FACH, it can’t be beam formed by any method. The reason for this is RAN WG3 specifications, where it is defined that FACH messages are RRC level messages and thus Node B does not have a knowledge to whom it is transmitting FACH messages [1]. Therefore, even if Node B would know the location of a UE, Node B is not capable of selecting the beam to which send the FACH message. Hence it can be concluded that the S-CCPCH cannot be beam formed. 

But it is not the only reason why there should be restrictions for beam forming of S-CCPCH. Namely beam forming of S-CCPCH is not feasible for UE performance point of view if no S-CPICH is available in a beam.  

When S-CCPCH is beam formed without S-CPICH, it causes severe problems for UE searcher, since a searcher needs to estimate the channel profile from dedicated pilots in a very short time. Typically FACH messages are short and not transmitted continuously. Now UE should estimate the channel profile from dedicated pilots extremely fast and while doing it, the FACH data should be demodulated. RAN WG4 has some tests in UE and BS specifications, in which it is verified that a searcher should find new paths in 40 ms before they should be capable of demodulating the path (CPICH is available in these tests). In this problematic case UE should find paths in 0 ms by using dedicated pilots. Naturally, it is not realistic to assume that UE handles this situation. Therefore, at least 40 ms from the beginning of S-CCPCH transmission is not demodulated and thus these FACH message(s) are lost. If there is only one and short FACH message to be transmitted to a UE, then UE never catches the message. 

Based on the reasons given above RAN WG4 should recommend that RAN WG1 clarifies that S-CCPCH cannot be beam formed.

2.2
Problem 2: PDSCH & Beam forming
In RAN WG1 specifications it is also defined that physical Downlink Shared Channel PDSCH can be transmitted only a part of the cell using e.g., beam-forming antennas. It is also defined that PDSCH does not carry Layer 1 information and that DSCH is associated with one or several DCH.

The ambiguity in the RAN WG1 specification is that there is not specified that associated DPCH shall be transmitted in a same beam as PDSCH. This is absolutely necessary to ensure that phase reference derived from DPCH can be applied on PDSCH for demodulation as well. Thus it is requested that RAN WG1 clarifies this in their specifications.

2.3
Problem 3: Tx Diversity & Beam forming
RAN WG1 specifications contain tables, which specify application of Tx diversity modes on downlink physical channels. At the moment in RAN WG1 specifications it is totally unclear whether Tx diversity and beam forming can be applied simultaneously to any downlink channels e.g on DPCH.

We have identified some restrictions for the simultaneous use of Tx Diversity and Beam forming, which should be defined into relevant specifications. They are as follows:

· Tx diversity methods are not applicable to be used with beam forming without S-CPICH based on their usage of CPICH for the estimation on which to base the feedback commands in uplink. 

· For the open loop methods it is also stated in 25.211 (5.3.3.1) that CPICH shall be transmitted from both antennas, thus STTD should not be used with beam forming if there is no S-CPICH available in the beam

Thus it is recommended that RAN WG1 clarifies the simultaneous application of Tx diversity modes and different beam forming concepts on downlink physical channels.

3. Conclusions

While studying performance aspects of beam forming concept using dedicated pilots, we have identified ambiguities in current RAN WG1 specifications and hence we suggest that RAN WG4 sends a LS to RAN WG1 requesting amendments to their specifications. Those amendments should be inputted into RAN WG1 release 4 specifications likewise RAN4 plans to input related tests into release 4, TS 25.101.

A proposed LS to RAN1 is appended. 
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RAN WG4 is currently studying and introducing requirements for UE when beam forming without S-CPICH. In this case UE needs to use dedicated pilots for a phase reference. RAN WG4 aims to have related tests included for release 4. While studying the requirements closer RAN WG4 has made the following observations, which have been discussed in R4-01abcd in more detail, and which are summarized below:

· As beam forming can be applied with S-CPICH or without, RAN WG1 specifications should clearly indicate which kind of beam forming can be applied on different downlink channels. At current RAN WG1 specification, this information is scattered in different section/chapters and specifications and there is a possibility for different interpretations. 

· RAN WG1 should specify downlink channels on which simultaneous application of Tx diversity and beam forming is possible. At the moment this information is missing from RAN WG1 specifications. However, something can be indirectly concluded from different RAN WG1 specifications, but there is as well possibility for different interpretations, which should be avoided. 

RAN WG4 has also identified some aspects of beam forming that are allowed currently in RAN WG1 specification but are not feasible from UE performance point of view. These are listed below and RAN WG4 kindly asks RAN WG1 to take these into account while providing amendments to the observations mentioned above. 

· S-CCPCH carrying FACH can not be beam formed since according to RAN WG3 specifications FACH messages are RRC level messages. Hence Node B does not know to whom it is transmitting FACH messages.

· It should be specified that associated DPCH shall be transmitted in a same beam as PDSCH, since PDSCH does not carry Layer 1 information. When transmitted in a same beam UE can apply phase reference derived from dedicated pilots of associated DPCH on PDSCH. Also it would enable the DSCH power control loop to work, since the control loop can be associated to DPCH.

· Closed loop Tx diversity methods are not applicable to be used with beam forming without S-CPICH based on their usage of CPICH for the estimation on which to base the feedback commands in uplink.

· STTD should not be used with beam forming if there is no S-CPICH available in the beam, since it has been specified that CPICH shall be transmitted from both antennas when open loop methods are applied. 

RAN WG4 kindly recommends that RAN WG1 provides needed amendments for release 4 versions of WG1 specifications so that beam forming concept using dedicated pilots can be finalized in all levels of RAN specifications for the release 4.
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