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1 Introduction

A new work item for four branch MIMO transmission in HSDPA system [1] was approved in RAN1 #53 meeting. Extending the MIMO processing from the existing 2 transmit antennas to 4 enables higher peak rates. However, in order to utilize the full spatial multiplexing space, one should also have 4 antennas in the UE. It could be beneficial if the new MIMO scheme would also efficiently work with UEs having only 2 receive antennas. This would make the MIMO scheme more appealing in the UE point of view. In this contribution, the high level views on the MIMO scheme design are discussed.  
2 Discussion on MIMO scheme
Several MIMO scheme design objectives can be identified. The new MIMO scheme should have small overhead and it should also have small legacy performance impact. It would also be beneficial to reuse existing structures as much as possible. Although the full spatial multiplexing of 4 transmit antennas means also 4 receive antennas in the UE, it would also be more appealing in the UE point of view if the 4 branch MIMO could be utilized by the 2 receive antenna UEs. This can be achieved by using precoding in the transmitter. In fact, precoded MIMO is a natural evolution from the current 2 transmit antenna MIMO scheme. Following sections discuss few design aspects in more detail.
Pilot design
Allocating common pilots for 4 transmit antennas might be a straightforward solution but it also leads to large overhead. Furthermore, the pilot channels should have relatively large transmission power in order to guarantee high enough channel estimate quality for demodulation. This could cause performance loss for the legacy UE.

Use of user specific dedicated pilots for demodulation could be considered as one solution. In this case overhead would be scaled depending on the number of allocated streams. Of course, when allocating full rank transmission there would hardly be any savings in overhead. On the other hand, full rank transmission might not occur that often in the system. Common pilot transmission from all transmit antennas is still required for the CQI and PCI measurements but since common pilots  are not used for demodulation anymore, some reduction in the transmission power could be considered reducing the legacy impact.  
The dedicated pilot approach has also some drawbacks. Overhead may be increased if code multiplexing of UEs is used since each UE should have its own pilot transmission. This can, of course, be mitigated by the scheduling. The UE design for the channel estimation requires also some changes. Furthermore, if the allocated number of streams on the HS-DSCH is signalled using the HS-SCCH, the channel estimation cannot be done before decoding the HS-SCCH channel. This may have some consequences since the channels overlap in time.

The common and dedicated pilot approach should be studied further in order to find out which approach is the best compromise.

Precoding design
As already discussed precoded MIMO transmission is a natural evolution path for the 4 branch MIMO system. As the transmit antenna number is increased the quantization of the precoding channel information (PCI) becomes more difficult. As the available space on the signalling channels is relatively costly in terms of overhead, one should make the PCI quantization as compact as possible. For example, LTE system already has a quantization scheme for 4 transmit antennas which totals 4 bits as described in section 6.3.4.2.3 in [2]. Applicability of this scheme to HSDPA could be considered. On the other hand, the assumed MIMO deployment conditions may also have impact on the PCI quantization scheme. For example, it should be discussed whether the power balancing between the transmit antennas is still required which led to the codebook subset restriction in the HSDPA system. At least in this case some new solution might be needed.
HS-SCCH and HS-DPCCH signaling
The current HS-SCCH and HS-DPCCH signalling for MIMO supports maximum of 2 simultaneous HARQ processes and CQI values. If direct expansion to 4 HARQ processes is done, the amount of signalling increases heavily. One approach would be to restrict the number of simultaneous HARQ processes to 2 also in 4 stream MIMO case. This would keep most of the signalling load the same for the new MIMO scheme as it is today. Essentially, this approach would be similar as the codeword to layer mapping in the LTE system as described in section 6.3.3.2 in [2]. In other words, one HARQ process may span over symbols in two difference beams. Naturally, some new signalling needs to be defined for increased number of PCI bits and possible number of streams transmission in the downlink etc.
3  Numerical Results
Performance of unquantized 4x2 precoded MIMO transmission is compared to the unquantized 2x2 MIMO and receive antenna diversity transmission schemes in Figure 1. The simulation setup is ideal in terms of MIMO feedback. For example no feedback errors or significant amount of delay is simulated. Furthermore, pedestrian A channel is favourable for both transmit antenna processing and receiver equalization. Further simulation parameters can be found from the appendix. 
The results demonstrate the potential beamforming gain of 4 transmit antennas. At least in the idealistic conditions the increased number of transmit antennas can improve the overall performance even if only 2 receive antennas are available in the receiver. Naturally, the feedback quantization and errors will reduce the performance level. In order to increase the peak rate of the system and in order to exploit the full spatial multiplexing space one should, of course, have 4 receive antennas.
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Figure 1. Performance of Unquantized MIMO precoding in Pedestrian A channel.
4 Conclusion
High level views on the four branch MIMO design were discussed in this contribution. It seems that continuing to develop the precoded MIMO would be appealing since this would enable utilizing four transmit antennas even though the UE would only have 2 receive antennas. On the other hand, the pilot design is one key question in making the system efficient and legacy friendly. It should be studied further whether common or dedicated pilot approach is the most sensible compromise. 
Keeping the signalling load as low as possible and exploiting the currently specified structures as much as possible should be the target. Some specified features from the LTE could be considered. For example, allowing one HARQ process to span two beams could enable keeping the HARQ related signalling at the same level as it currently is. LTE system also already has a codebook design for four transmit antennas but the applicability to the HSDPA system should be studied first before making conclusions.
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6 Appendix: Simulation parameters
	parameter
	value

	carrier frequency,                           
	2e9 Hz

	Samples per chip
	1

	fast fading model            
	Pedestrian A

	antenna correlation                            
	IID

	HS-DSCH power 
	-1 dB

	MIMO Feedback quantization
	none

	MIMO Feedback delay                     
	1 slot

	MIMO Feedback errors
	0 %

	number of HS-DSCH multi codes
	10

	Maximum modulation  
	16QAM 

	CQI adaptation             
	Table 7I  in TS25.214


