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Introduction

When 2-antenna Tx-diversity extensions for UTRAN specification were designed one criteria was to allow utilizing both antennas for all the channels. Hence, there are several different 2-antenna Tx-diversity concepts, such as open loop modes STTD, TSTD and feedback modes 1 and 2 (TS 25.211 and 25.214). P-CPiCH carries two orthogonal pilots offering good quality for channel estimates as well as for measurement purposes (e.g. SHO evaluation, idle mode cell re-selection and synchronization, cf.  [2]).

In this document we introduce a simple pilot arrangement in order to provide channel estimates for Tx-diversity extensions with more than two Tx-antennas while maintaining backward compatibility with Rel-99/4 - the case of four antennas is discussed in more detail. The idea is to design the pilots in such a way  that not too much of 4-Tx-diversity performance is lost compared to the earlier proposed use of secondary common pilots (i.e., allocate the whole CPiCH energy evenly with primary and secondary pilots). It goes without saying that not too much extra energy for common pilots should be used compared to 2-antenna concepts.

To keep the specification as simple and effective as possible we propose not to extend Tx diversity for 4-antennas to the all channels – instead we suggest to keep the all general measurements as indicated in Rel-99/4 specification. Only channels that could arguably benefit from 4-antenna Tx-diversity (e.g. DPCH and DSCH) are proposed to be extended. P-CPiCH is would remain basically unchanged and could be used as a  reference for measurements in Rel-99/4 UEs as well.

It seems evident that different 4-Tx-diversity concept state different requirements for pilots.  The most important requirement is the possibility for good quality channel estimations for additional channels.  We propose to utilize dedicated pilots for the additional channels, and recommend to justify slot formats that are favourable for each concept, including possibility to utilize power offsets for dedicated pilots. 

The use of S-CPiCH will add the overall power loss of a cell when reserving acceptable P-CPiCH level, hence its use is recommended only for the situations when no Rel’99 terminals are in the cell coverage area or when a proposed scheme offers big enough gain to compensate for S-CPiCH energy. 

Proposed pilot arrangement in the case of four Tx-antennas

Here it is shortly described how to arrange for non-symmetric orthogonal pilots. Let a pseudo-antenna configuration be defined by
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where
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 are the physical antennas; another configuration would be e.g. 
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Then primary common pilots are spread over all antennas as shown in figure 1  - hence P-CPiCH separates two orthogonal channels via four physical antennas such that P-CPiCH power is evenly distributed over them. Therefore, 2-Tx-antenna schemes (for Rel-99/4) utilize two sum channels (see [1]) (i.e., the corresponding dedicated channels are transmitted over four antennas, the first diversity branch via antennas 1&2, and the second via antennas 3&4). This arrangement guarantees good power balance. 

In order to guarantee Rel-99/4 UE’s full functionality (as long they are in the market), P-CPiCH energy should be adjusted as for 2-Tx-cells. All general measurements from common channels (e.g. SHO evaluation, idle mode cell re-selection and synchronization as indicated in [2]) are done using only the proposed P-CPiCH scheme – so there is no need to extend all the channels for 4-Tx-diversity schemas and the corresponding Rel-99/4 functionality can be maintained in later releases.

Dedicated pilots are proposed to be utilized in order to separate two additional channels, possibly with the help of  S-CPiCH  (e.g. according to the operators choice and to the amount of rel’99 UE’s in the cell area; S-CPiCH energy may be time variant) with adjustable gain factor g as presented in figure 2 (
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 is possibly time varying). Note that specifying g= f we get the pilot extension scheme already described above. Dedicated pilots can be powered by 0-6dB offsets (as allowed already in Rel-99/4 specification) and short pilot symbol  intervals (e.g. two symbols) will not be allowed – each dedicated pilot arrangement is designed based on the corresponding Tx-diversity schema. 
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Figure 1. Transmission of P-CPiCH via pseudo-antennas 
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Figure 2. Transmission of S-CPiCH via two pseudo-antennas 
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with adjustable gain factor g. 
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Figure 3. Transmission of DPCCH pilots via two or four pseudo-antennas 
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with adjustable pilot offsets. Four orthogonal Hadamard sequences are used as pilot symbols.

Conclusion

We present a simple pilot arrangement for the purpose of more than two Tx-antennas diversity extensions avoiding Rel-99/4 backward compatibility problems with minimal changes to specification and offering easy implementation, enough flexibility and guaranteeing easy future extensions. 
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