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1 Introduction

At RAN#53 a new work item on 4 branch MIMO transmission for HSDPA was agreed [1], [2]. The main aim of this work item is to increase the peak data rates for higher rank transmissions and increase the coverage for lower rank transmissions. One of the most important aspects is to decide upon how many codewords should this 4 branch MIMO system support. At RAN#67, it was decided to use two codewords as a working assumption; i.e. use maximum two HARQ processes for rank-3 and rank-4 transmissions. The main motivation for this was to reduce the associated control channel overhead. The number of HARQ process for rank-2 transmissions was not decided.

In this contribution, we propose two design choices for rank 2 transmissions. We analyze the performance with the aid of link level simulations.
2 Design Options for Number of HARQ Process for Rank-2 Transmissions
In this paper we consider two design options for 4-branch MIMO.  

· Option 1: Use two HARQ processes for rank-2 transmissions
· Option 2: Use one HARQ processes for rank-2 transmissions
Figure 1 shows the block diagram of a four branch MIMO system for rank-2 only transmissions. The adaptive controller chooses transport blocks of equal length for Option 2 or two different transport block lengths for Option 1. The transport blocks are passed through the channel encoder and the output is interleaved and modulated. For Option 1 the encoder and the modulator/interleaver  can  be different for  each layer, while for Option 2, the modulator and the interleaver are same for each layer. The output of the interleaver and modulator is passed through the baseband processing unit before passing it to the antennas ports. The baseband processing unit typically consists of layer mapper, spreading, scrambling and precoding unit.  Please note that even though we are using two encoders in both the options, the two schemes are differentiated by the feedback information.
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Figure 1 Block diagram of four branch MIMO system for rank-2 transmissions. Please note that both options use the same diagram.
The main advantage of Option 2 is the signalling overhead for Option 2 is low compared to that of Option 1.  This is because only HARQ process has to be maintained at the transmission side. Also only CQI has to be transmitted.  Another salient feature of Option 2 is that design of uplink feedback channel HS-DPCCH is easier. It was discussed during RAN#67 that HS-DPCCH design should be optimized based on the rank of the transmission. With only one codeword for rank-2 transmissions, we can choose one design for lower ranks (rank 1 and 2 transmissions) and another design for higher rank transmissions. 

3 Simulation Model

We evaluate the performance of the two design options by link level simulations. 4x4 MIMO configuration is considered with link adaptation, where the rank, PCI, modulation, coding rate and the transport block size are dynamically updated for each TTI.  The precoding codebook is based on LTE Rel-8.

In our simulations we assume perfect channel estimation and the fading correlation at both transmit and receiver side is zero.  For link adaptation, UE chooses the PCI, RI and MCS based on maximization of the Shannon capacity. The feedback is assumed to have 3 TTI delays and is assumed to be error free. Simulations are run for a UE with different geometry factors and the wireless channel is Pedestrian A channel. The velocity of the mobile is 3 Kmph.  The main simulation parameters are tabulated in Table 1.  For design Option 2, the MCS is chosen based on the minimum of the corresponding layers SINR. At the receiver side, for design option-2, UE sends only ACK when both streams pass.
	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	1 and 2

	Layer mapping
	One to one

	HS-DSCH Ec/Ior
	Variables 

	Geometry (Îor/Ioc)
	Variable

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3 (MIMO capable LMMSE) 

	Channel estimation
	Ideal

	Searcher
	Ideal

	Propagation channel types
	Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	HSDPA Scheduling Algorithm
	CQI based, ideal LA is assumed

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Chase Combining

	Target Number of H-ARQ Transmissions
	1

	Precoding codebook
	LTE- Release 8 ( TS 36.211)

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 6 ms (3 TTI)




 Table 1 Simulation parameters

4. Simulation Results and Discussion

Figure 2 shows the user throughput in Mbps as a function of geometry factor (Îor/Ioc) in dB for the two design options. Observe that the performance gap between the two design options is very minimal at all geometries. The maximum difference is less than 1.5 Mbps.
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Figure 2 User throughput as a function of geometry for Ped A channel.
Figure 3 shows the cumulative distribution function of the link adaptation spectral efficiency computed at geometry equal to 0 dB.  It can be observed that the loss in throughput is due to link adaptation. This is because the modulation and coding is chosen based on the minimum of the layer SNRs in the case of a single codeword.  If layer permutation or interleaving is applied, the difference between the two options is expected to be even smaller since the link adaptation will work on the average layer quality instead of the lowest. Further note that these simulations assume perfect channel estimation and perfect link adaptation, and by adding imperfections we expect that the performance with 2 HARQ process does not give additional gains.
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Figure 3  cdf plot for link adaptation spectral efficiency for the two options.
5. Conclusions

In this paper, we investigated the performance of two design options for number of HARQ process for rank-2 in a 4-branch MIMO system. With perfect channel estimation and ideal link adaptation, the link level performance of 1 HARQ process is close to the performance with 2 HARQ process. We expect that performance gap between the two schemes will be small with realistic channel estimation and link adaptation. The signaling overhead for 2 HARQ process is significantly larger compared to 1 HARQ process. Hence, to keep the minimum signaling overhead with acceptable performance, we would like to recommend Option 2.
Proposal: Use one HARQ processes for rank-2 transmissions
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