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1.
Introduction

RAN meeting #44 discussed a contribution [1] dealing with the impact of introducing two transmit antennas to a WCDMA/HSPA system. Currently the use of 2 antenna transmission has been rather limited in UTRAN deployed networks. Since from the start 2002 most of the regions have not activated 2 antenna BTS transmission. During the previous 3GPP Releases development has been done to improve the UE performance with advanced receivers such as equalizers. Investigations and tests done in currently planned 2 Tx antenna enviroments, motivated by MIMO, show that non-MIMO devices experience a performance degradation due the presence of two downlink transmit antennas. This undesired degradation seems to occur particularly with UEs having Advanced Receiver regardless of the performance requirments (minimum vs. enhanced). Even though these receivers still outperform legacy receivers, their performance degradation is still highly undesirable.
RAN#44 way forward for these discussions was: “RAN 1 should study if this issue is really problematic, and in this case they have to study a solution, possibily it has to be provided for next ran plenary. RAN 4 may be tasked to work on simulation results in the future.” [2].
2.
Background – MIMO CPICH configuration options

Specifications [3], [4], describe two different cell CPICH configurations that can be used in a MIMO cell. 

“One of the antennas will transmit the Antenna 1 modulation pattern of the P-CPICH as defined in subclause 5.3.3.1 of [TS25.211]. The other antenna will transmit either the Antenna 2 modulation pattern of the P-CPICH or the Antenna 1 modulation pattern of a S-CPICH.” [4]

2.1 Usage of P-CPICH on both antennas
When the cell is configured to transmit the P-CPICH in a diversity mode it uses the same channelization and scrambling codes, but different pre-defined bit sequence for the two antennas. [3]. This pilot configuration is possible already in 3GPP Rel’99 specifications when the cell is configured as a Tx diversity cell and also common channels are sent using Tx diversity.

In other words if the cell is confiugred to be a Tx diversity cell it uses this CPICH configuration and the MIMO UEs can directly use the same CPICH as all the other UEs. Thus from pilot configuration point of view this would appear like the logical cell configuration when MIMO is deployed. 
2.2
Usage of P-CPICH + S-CPICH
When the cell is configured to transmit the P-CPICH from antenna 1 and S-CPICH from antenna 2 both CPICH use the same modulation pattern, but different spreading codes [3]. This pilot confiugration was introduced with MIMO in order to avoid forcing the cell to be in a Tx diversity mode when MIMO is deployed.
In this cell pilot configuration the MIMO UEs would see the two CPICH from two antenans, but all non-MIMO UEs would only see the P-CPICH from antenna 1 and consider the cell as single antenna cell. The S-CPICH from antenna 2 would only be seen as additional own-cell interference that cannot be easily mitigated due to it appearing as a second radio channel.

3. Discussion

STTD was primarily designed for communication over non-frequency selective radio channels, and it is known that the usage of it over frequency selective radio channels will destroy the orthogonality of the STTD signalling. The recent real-life tests have revealed, contrary to what one might expect, that the usage of STTD on HS-PDSCH causes degradation in the achievable individual user data rates especially in high geometry multipath environment, i.e. in situations where advanced receivers such as linear equalizers would otherwise achieve considerable gain compared to less advanced receivers. Furthermore the usage of diversity P-CPICH causes additional legacy issues since the HS-channel single-antenna transmission is not completely unproblematic either. Thus it appears that activating STTD when introducing MIMO in the system is not a safe option.

The MIMO configuration option of S-CPICH from antenna 2 was purposefully designed as a solution if the usage of STTD was considered unsafe due to legacy issues. It appears that having such an option is now proving to have been good risk management and seems to provide the basis for a more safe deployment solution. The usage of S-CPICH unfortunately does not completely free us from certain tradeoffs. It doubles the cell CPICH overhead and still the harmful interference from the second antenna S-CPICH degrades the non-MIMO UE performance. Furthermore it is worth noting that if we’d assume that the two antennas are driven by two separate equally rated power amplifiers, only 50% of cell’s power is available for the non-MIMO Ues and common channels. This is not really a performance problem for a particular radio link, but can be seen as a small drawback.
Given that none of the foreseeable cell configuration options when MIMO is deployed can be seen as problem free there is a danger that a multitude of different network configurations would have to be foreseen by the UE vendors as well as all different deployment assumptions taken by the UE receiver designers would have to be addressed possibly individually by the infrastructure vendor community.

4. Conclusion and a proposed way forward

This document discussed certain tradeoffs related to deployment of MIMO in a cell with mixed MIMO/non-MIMO terminals. It is further suggested that the interested parties would discuss the issues and consider if a common reference network deployment for MIMO cells could be greed upon. This reference deployment could be later used as a basis in both MIMO and non-MIMO terminal design and the infrastructure vendors and network operators could have confidence over the UEs behaviour in this type of environment.
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