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Introduction
During RAN#53, a WI was approved whose aim is to standardise 4 antenna branch MIMO for HSPA [1]. The goals of the WI are as follows:
· Specify 4-branch MIMO transmission scheme for HSDPA, with the following considerations:

· Simultaneous transmission of up to four layers to one UE in CELL_DCH should be possible.

· It should be possible to operate 64QAM on all layers simultaneously.
· Transmission modes with two layers and single layer shall be supported.
· All layers shall be transmitted from the same HS-DSCH cell

· Re-use existing functionality unless non-re-use can be justified by clear benefits.

· Assess the benefits of supporting 4 branch MIMO in combination with multicarrier, and enable operation of 4 branch MIMO with up to 4 carriers if the benefits are deemed sufficient.

· It shall be possible to operate 4-branch MIMO in combination with a single uplink carrier if applied with downlink multi-carrier operation. 

· Minimise impacts to SIMO and 2x2 MIMO UEs

This paper discusses aspects relevant to RAN1 that should be studied and agreed as part of the work item.
Issues to study relevant to 4 branch MIMO standardisation

Performance results 

An initial view on the potential performance improvements that may be achieved by means of 4 branch MIMO was presented in [2]. The potential for performance improvements should be characterised further, in particular in the light of other design and architecture considerations 
Pre-coding design options 
4 branch transmission requires definition of a pre-coding codebook. Options for pre-coding codebook design should be evaluated, taking into account factors such as the impact on performance, on implementation complexity and interaction with PA power balancing schemes.
Pilot design options 
Demodulation of 4 antenna branch transmissions requires 4 pilot signals to be transmitted, at a minimum in parallel with data transmissions. The pilot signals may be transmitted from a single antenna or across all of the antennas. In the latter case, different pre-coding should be applied to each of the pilot signals.
In addition to demodulation, 4 pilot signals need to be transmitted at least periodically for the purposes of PCI selection, rank estimation and CQI estimation (These pilot signals may well be the same as the demodulation ones). The feedback estimation process may require less pilot SINR than demodulation.
The pilot structure should be designed to minimise additional overhead, minimise impact to SIMO and 2x2 users, provide for good demodulation performance and sufficient parameter estimation performance.

If a new, and in particular a dedicated pilot would be adopted for 4x4 transmissions, then a means of accommodating the pilot within the F-DPCH & HS-PDSCH structure would need to be defined.
Implementation of VAM/power balancing 
The existence of legacy terminals implies that 2 and single branch antenna transmission should be accommodated for backward compatibility. Dimensioning the Node B RF chains such that they could support full EIRP transmission over 4, 2 or a single antenna branch would lead to significant inefficiencies, in particular in PA dimensioning. Such inefficiencies may be overcome by means of the application of techniques such as power balancing networks. The standardisation phase of 4 branch MIMO should ensure that power balancing can be implemented without a negative impact.
Impact on legacy UE (2x2, SIMO) 
Legacy UEs could be impacted by 4 branch antenna transmission due to a number of effects, including loss of HS-PDSCH power due to additional pilot overhead, power balancing inefficiencies or additional interference between HS-DPSCH codes and pilots. Standardisation of 4x4 MIMO should be carried out to ensure minimal or no impact to SIMO and 2 antenna branch terminals.
CQI reporting
CQI reporting (including PCI indication) will need to take into account the existence of 4 streams. A method for efficient measurement and signalling should be devised. Depending on the number of codewords, additional HARQ ACK/NACK signalling may also be required.
Number of codewords 
An intention of the standardisation effort is to create the possibility of 4 layer transmission. Further investigation is required on the means to exploit the additional layers, and in particular whether to utilise more than 2 codewords.
Rank adaptation 
The gain of 4 and 2 layer transmission is dependent upon the receiver type and instantaneous SINR and channel statistics. A mechanism for adapting the transmission rank in dependency on the channel should be introduced, considering the aim of maximising commonality with dual stream MIMO operation.
Impact of MC 
The WI description includes a goal to study the implications of combining four TX branch MIMO with multicarrier operation, and to standardise operation with up to 4 carriers if the study suggests benefits. The main issue to confront for multicarrier operation will be the uplink signalling requirements for supporting all of the layer and carrier combinations.
HS-DPCCH and HS-SCCH design
4 branch transmission is likely to necessitate some modifications to physical layer signalling, including indication of modulation and coding formats, rank indication, PCI indication and in the uplink, CQI, HARQ and PCI signalling. Additional HS-SCCH orders may also be utilised for controlling 4 branch operation. Appropriate and efficient means to include such signalling should be studied as part of the work.
Impacts to Network and UE architectures
The WI should aim to standardise a solution that allows for efficient UE and network architectures, and is compatible with existing systems.

Open loop mode

It should be considered whether a 4 antenna open loop mode should be introduced. Due to backward compatibility with legacy terminals, 4 antenna open loop could not easily be operated on common channels. The benefit of open loop, rather than rank 1 MIMO on HS-PDSCH is not clear, apart from a reduction in signalling overhead.
Impacts to specifications

The WI should aim for commonality with the specifications for Rel-7 MIMO. 
25.211

· It could be discussed whether any type of open loop TX diversity involving 4 antennas should be introduced
· If a dedicated pilot would be introduced for 4x4 MIMO, the structure for such a pilot within the framework of HS-PDSCH and F-DPCH reception should be specified. Also the structure of common pilots for CQI measurement, and rules for phase reference assumption for 4x4 MIMO operation should be specified.

25.212

· In section 4.6B, the type 3 HS-SCCH will need to be extended (or a type 4 introduced) to allow for adaptation of the number of layers (and >2 transport blocks if necessary).
· The HS-DPCCH Type B structure will need to accommodate CQI reports for up to 4 layers and a mechanism for layer adaptation, and taking into account that the amount of HARQ ACK/NACK may be less than the number of layers.

· Section 4.6C on HS-SCCH orders may need updating if 4 antenna transmission related orders are introduced.

25.213

· Description of 4 antenna precoding

25.214

· Section 6A.1.1 on the UE procedure should be updated to take into account 4 stream transmission and possibly a mapping of transport blocks to layers.
· Section 6A.2.2 on CQI reporting will need to be updated to allow for 4 antenna CQI reporting.

· The PCI defitions on sections 6A.4 and 9 will need to be updated. PCIs should be defined that are compatible with power balancing techiniques such as VAM.

· Section 9 on the MIMO procedure should be updated to consider precoding for 4 layers and also transport block to layer mapping.
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