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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#66bis, there were some contributions discussing possible configurations for 4x4 MIMO [3] - [5]. Among them, the two configurations 4 codeword 4x4 MIMO and 2 codeword 4x4 MIMO are possibly the best options for further investigation.
In this contribution, we show link level simulation results for 4 codeword 4x4 MIMO and 2 codeword 4x4 MIMO under perfect channel estimation. Also we discuss the signaling overhead needed for both the schemes. In this contribution we used the terminology of codeword, layer etc. according to [7]. 
2 Design Options for 4-branch MIMO
In this paper we consider two design options for 4-branch MIMO.  
· Option 1: One codeword per layer (up to 4 codewords)
· Option 2: One codeword for (up to) 2 layers (up to 2 codewords)
Option 1: This is a straight forward extension of Rel-7 MIMO to 4 layers. Figure 1 shows the transmission block diagram of this approach. From the feedback information from UE (HS-DPCCH), the adaptive controller at the Node-B chooses the transport block length, modulation order and coding rate. Based on the feedback information, it also generates the precoding weight information. Note that we get feedback information for each codeword and each codeword consists of one TB, i.e. TBS, coding and modulation is done independently for each stream. The information bits from the transport blocks are passed to the channel encoder and the output is interleaved and modulated for each stream. 

[image: image1]
Figure 1 Block diagram of 4 codeword MIMO
The output of the interleaver and modulator is mapped to the space time layers by the layer mapper. Table 1 shows the layer mapping functionality for the 4 codeword MIMO, where dk(i) denotes the ith symbol at the output of the kth modulator and xj(i) denotes the ith symbol at the output of the jth layer  and  M denotes the maximum number of symbols supported per layer. Note that for Option 1 the layer mapping functionality is transparent (redundant), i.e. symbols from each codeword (encoder chain) are directly mapped to the corresponding layer. Once the layer mapping is done, the resultant symbols are spread and scrambled. Precoding is applied on the output of the spreader and scrambler and the output signal is passed to the corresponding antenna ports.
Option 2: Figure 2 shows the block diagram of this approach. Similar to Option 1, from the UE feedback information, the adaptive controller chooses the transport block length, modulation order and the coding rate. It also generates the precoding weight information. Note that in this approach we receive feedback information corresponding to max 2 codewords. Based on the rank chosen by the adaptive controller, transport blocks of equal size are bundled (for ranks 3 and 4) and passed to the channel encoder and the output is interleaved and modulated. The output of the interleaver and modulator is mapped to the space time layers by the layer mapper. For this scheme the layers are mapped according to Table 2, Where dk(i) denotes the ith symbol at the output of the kth modulator and xj(i) denotes the ith symbol at the output of the jth layer  and M denotes the maximum number of symbols supported per layer.  
	Number of   layers (Rank information)
	Number of code words
	Codeword-to-layer mapping
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Table 1 Codeword to layer mapping for Option 1

[image: image10]
Figure 2 Block diagram of 2 codeword MIMO

Please observe that in this case for ranks 1 and 2 the layer mapping is similar to that of Option 1, but for ranks 3 and 4, we map one codeword to more than one layer. Once the layer mapping is done, the resultant symbols are spread and scrambled. Precoding is applied on the output of the spreader and scrambler and the output signal is passed to the corresponding antenna ports.

	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Table 2 Codeword to Layer mapping for Option  2
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. We assume the precoding codebook based on LTE Rel-8 [6]. 
In our simulations we assume perfect channel estimation and correlation at both transmit and receiver side is zero.  For link adaptation, UE chooses the PCI, RI and MCS based on maximization of 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 assumed is Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 1. 
 For design Option 2, for ranks 3 and 4 where the transport blocks are bundled, the MCS is chosen based on the minimum of the corresponding layer SINR.
	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	4 and 2

	Layer mapping
	According to Tables 1 and 2 

	HS-DSCH Ec/Ior
	Fixed

	Geometry (Îor/Ioc)
	0 to 20 dB

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3i (MIMO capable LMMSE) 

	Channel estimation
	Ideal 

	Searcher
	Ideal

	Propagation channel types
	Baseline: Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	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 3 Simulation parameters
4 Simulation Results and Discussion
In this section we present the link level simulation results for the two design options. The objective of these simulations is to compare the user throughput gains of the two design options compared to that of 2x2 MIMO under different geometries.
Figure 3 shows the user throughput in Mbps as a function of geometry factor (Îor/Ioc) in dB for the two design options. Also plotted is the throughput for 2x2 MIMO. It can be seen that significant gains can be obtained by using 4x4 MIMO with 4 and 2 codewords as compared to 2x2 MIMO. It can also be observed that for low geometries the performance with 2 codewords is almost identical to that of 4 codewords. This is because at low geometries there is a high probability that rank is either 1 or 2. Please note that for ranks 1 and 2 both the schemes have the same layer mapping.  For higher geometries, the performance with 4 codewords is slightly better compared to that of 2 codewords. For example at geometry factor equal to 25 dB, the user throughput gain of 9% is observed for 4 codeword MIMO compared to that of 2 codeword MIMO.  Please note that these simulations assume perfect channel estimation and perfect link adaptation, and by adding imperfections we expect that the gains of 4 codeword will degrade compared to 2 codewords.
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Figure 3 User throughput as a function of geometry for the two design options for Ped A channel.
5 Signalling overhead
According to the WI proposal of 4-branch MIMO, the impact on specification should be kept at minimum and the existing functionality should be re-used. We analyze the signalling overhead for the feedback channel HS-DPCCH and the grant channel HS-SCCH and the results are summarized in [3]. The main conclusion from [3] is that the overhead increases significantly for the 4-codeword approach compared to the 2-codeword approach. Hence, in that respect significant performance gains by the 4-codeword approach should be experienced to motivate the additional overhead. The results presented herein show only marginal performance gains by the 4-codeword approach compared to the 2-codeword approach and therefore the 2-codeword approach is to prefer.
6 Conclusions
In this paper, we investigated the performance of two design options for 4-branch MIMO system. With perfect channel estimation, the link level performance of 2 codeword MIMO is almost identical with 4 codeword MIMO for low geometries. For higher geometries the performance of 2 codeword MIMO is slightly degraded with respect to 4 codeword MIMO. Under practical channel estimation, we expect that performance gap between the two schemes will be very small. Moreover, the signaling overhead for 4 codeword MIMO is significantly larger compared to 2 codeword MIMO and requires significant changes in HS-DPCCH and HS-SCCH channels. Hence, to keep the minimum signaling overhead with acceptable performance, we would like to recommend Option 2 i.e. 2 codeword for 4 branch MIMO.
Proposal: We propose to adopt a 2-codeword 4-branch MIMO solution.
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