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1. Introduction

Multi-codeword (MCW) has been decided as the basic downlink multi-stream MIMO transmission mode for 3GPP LTE [1]. In case of 2 transmit antennas, up to two independently coded streams can be transmitted. But in case of a 4x4 DL LTE system setup the number of supported codewords is not decided yet. The basic possibilities are the support of 4 codewords (a single codeword for each supported MIMO stream) as well as restricting the number of codewords to 2 also in case of 4 stream SU-MIMO for 4x4 as proposed in [2,3].  
In this contribution we will provide a comparison of 2 codeword and 4 codeword transmission for 4x4 SU-MIMO as well as a short discussion on the required system overhead. 

2. Simulation Assumptions and Results for 4x4 MIMO
The simulation assumptions are those agreed in [4] and listed again in Table A.2.1.1-1. A simple full buffer packet model was applied as traffic model. The Typical Urban channel, defined by the 3GPP in [5] was applied with appropriate bandwidth scaling. For the downlink system simulations, the EESM interface trained by the link simulations was applied in sub-carrier resolution.
Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


A 4x4 MIMO system has been simulated comparing the case of 2 codeword and 4 codeword (CW) transmission for 4 stream SU-MIMO. Basic Per-Antenna Rate Control (PARC) has been chosen as the 4 CW transmission mode whereas Per-Group Rate Control (PGRC) as used in [2,3] has been selected as the 2 codeword case for these investigations. In case of PGRC, it is assumed that eNB antennas 1&2 as well as 3&4 build one group over which one independent codeword is spatially multiplexed. Open loop link transmit diversity for 4 transmit antennas using SFBC-FSTD (e.g. used in [6]) provides the single-stream fall-back mode in case 4 stream transmission is not supported by the individual communication link. For both 4x4 MIMO schemes, PARC and PGRC, linear MMSE detection of the different streams is assumed. The feedback of Channel Quality Indication (CQI) per PRB supports the selection of modulation and channel coding for the Transport Block of independent codewords as well as frequency domain packet scheduling (FDPS). QPSK, 16QAM and 64QAM modulations are applied for AMC in the case of four-stream as well as single stream fall-back mode transmission. 

As the E-UTRA system is targeted at serving packet traffic, the performance is dependent on the packet scheduling algorithms. The Proportionally Fair (PF) scheduler has been used in the time resolution of a TTI as well as in time and frequency in case of Frequency Dependent Packet Scheduling (FDPS). The results are created in a multi-cell simulator, where statistics is collected from the cells of an eNB, located in the center of the simulation area. Both the averaged sector throughput and the sector throughput at 5% cdf were calculated from the statistics and scaled to the spectral efficiency values. 

In these simulations, an overhead of 29% has been assumed. There were in total 10 users per cell with infinite, full-buffer traffic model, uniformly distributed over the coverage area. The scheduler implementation allowed a maximum number of 6 users per TTI in case of FDPS and a single user in case of full transmission bandwidth. Scheduling is based on ideal Channel Quality Indication report with a delay of 8 sub-frames (4 ms). The neighbour cell interference was generated by full power load. 

Simulation results for full bandwidth transmission to a single user and using frequency domain packet scheduling (FDPS) with a maximum number of 6 users/TTI are presented in Table I.

Table I. LTE evaluation results with a Proportional Fair (PF) scheduler for 4x4 PARC and 4x4 PGRC.
	LTE system – Average sector throughput [kb/s/sector]

	Simulation case
	4x4 MIMO method
	Full bandwidth transmission
(PF in time) 
	Frequency Domain Packet Scheduling (FDPS with PF)

	1
	4x4 PARC (4 codewords)
	22200
	25300

	
	4x2 PGRC (2 codewords)
	21900
	25000

	3
	4x4 PARC (4 codewords)
	20800
	24400

	
	4x2 PGRC (2 codewords)
	20700
	23700

	Micro cell
	4x4 PARC (4 codewords)
	45200
	52100

	
	4x2 PGRC (2 codewords)
	43600
	50700


The results in Table I clearly show, that frequency domain packet scheduling (FDPS) provides significant gains compared to full bandwidth transmission. The results also indicate that the restriction of the number of codewords to 2 in case of a 4x4 MIMO setup has only a minor effect on the average sector throughput for MMSE receiver. This conclusion is in line with similar investigations presented in [2,3]. 
3. Further aspects of 2CW and 4 CW 4x4 MIMO
When comparing 2 codeword with 4 codeword 4x4 SU-MIMO, the required signalling overhead in uplink and downlink has to be taken into account. 
In order to allow also all possible MIMO receiver types and future possible receiver evolutions, one (full or relative) CQI per codeword as uplink feedback is needed. In [3], simple uplink overhead calculations have been presented showing a lower uplink signalling overhead of 2 codeword operation. Such calculations related to relative savings are very much dependent on the detailed underlying assumptions but in general the 2 codeword operation should result in a smaller UL feedback overhead. 
In addition to the CQI overhead in uplink also the overhead in the DL allocation table has to be taken into account. Most probably a single transport format indicator (TFI) indicating besides other information the applied modulation and coding will need to be signalled for each codeword, again resulting in a higher signalling overhead of 4 codewords compared to 2 codewords. Restricting the number of codewords to 2 would result in the same transport format indicator signalling requirement for 4 stream transmission (4x4) as for dual stream transmission (e.g. 2x2 or 4x2).  
The additional signalling overhead in UL and DL due to 4 codeword 4x4 MIMO compared to 2 codeword 4x4 MIMO should be justified with corresponding system throughput improvements. 
4. Conclusions
In this contribution, a system performance comparison of 2 codewords and 4 codeword transmission for 4x4 SU-MIMO is presented. The results show similar performance of 2 and 4 codewords 4x4 MIMO using a LMMSE receiver. Taking the lower UL and DL signalling overhead of the 2 codeword 4x4 MIMO into account, a restriction to a maximum number of 2 codewords also for 4x4 DL SU-MIMO seems to be reasonable.
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