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1. Introduction

This paper discusses open loop configurations for MIMO DL in EUTRA and presents comparisons for localized and distributed carrier mappings for MIMO. At high speeds (say 60 - 250 km/hr), CQI and channel feedback become outdated for the next transmission – in this case gains due to scheduling are difficult to obtain. This motivates open loop schemes using multiple antennas. 

Distributed mapping of carriers provides additional frequency diversity compared to localized mappings – hence we examine whether this additional diversity provides performance gains in realistic LTE conditions. We examine the performance tradeoffs for two types of traffic scenarios: 1) delay intolerant where hybrid ARQ is not usable, 2) delay tolerant where hybrid ARQ is usable. 

Specifically, we look provide a link level evaluation of the case of 2 transmit antenna and 2 receive antenna MIMO link with vertical encoding (VE) as an example. The goal is to compare the two mappings each having the same data rates.
2. 2x2 MIMO Scheme
We assume an “open loop” transmission scenario in the DL , i.e. Per Antenna Rate Control (PARC) [2] type adaptation of the modulation and coding scheme (MCS) level is not done. Thus, the same modulation and coding scheme (MCS) is transmitted in both the streams. 
Figure 1 show the 2x2 MIMO with vertical encoding. 
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Figure 1. 2x2 MIMO spatial multiplexing with Vertical Encoding.

3. DL Numerology and simulation parameters
	Carrier frequency
	1.9 GHz

	Sampling frequency
	7.68 MHz

	Number of total OFDM sub-carriers
	512

	Sub-carrier spacing
	15 kHz

	Number of used sub-carriers (including DC)
	301

	OFDM symbol duration
	68  s

	Subframe duration
	7 OFDM symbols = 0.50 ms

	Number of carriers per subchannel/resource block
	25

	Subchannel carrier mapping
	Localized or distributed

	Total Number of subchannels
	12

	Used number of subchannels
	3 (=  75 subcarriers)

	Pilot and control 
	1st OFDM symbol only

	Channel estimation 
	Non-ideal


The OFDM parameters used are specified in the table above and are in accordance to [1]. In our simulations, we assume that the 1st OFDM symbol carriers the pilot and control data, only six OFDM symbols are available from data transmission. Channel estimation is performance using MMSE methods.
In the transmission schemes, comparison is made between localized mapping and random distributed mapping of carriers to each virtual resource block. We present simulations for two scenarios: With and without Hybrid ARQ. 

The simulation parameters are described below:
Modulation: QPSK 
One turbo code block per TTI over used subchannels (based on UTRA Release 6 specifications)
Number of subchannels used for transmission = 3
Code rate = ½ rate turbo code

Channel conditions = GSM 6-ray Typical Urban, at 60 km/hr and 250 km/hr
Receiver structure – Minimum Mean Square Error (MMSE)  

Channel estimation – MMSE based

MIMO channel model 

1.  Kronecker model, with exponentially decaying correlation parameterized by the transmit and receive parameters ρt and ρr, the channel correlation is given by 
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2. SCM Model

4. Simulation Results
The SNR is defined with respective to the total number of used subcarriers.
4.1 Without HARQ
In Figure 2, we compare PERs of SM-VE for distributed and localized carrier mapping at 60 km/hr. We observe that distributed mapping does better by 2 dB compared to localized mapping at 10e-2 PER.
To observe the behaviour for high spatial channel correlation, we simulated with ρt = 0.7 and ρr = 0.7. As expected, correlation reduces the available independent degrees of freedom in the channel and the curves shift to the right – however the difference between distributed and localized mappings increases to about 2.5 dB at 10e-2 PER.
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Figure 2. PER comparison of localised and distributed mapping for 2x2 MIMO SM-VE with 4-QAM, 60km/hr, TU channel, with i.i.d (ρt=0 and ρr=0) and high correlation (ρt=0.7 and ρr=0.7).

Figure 3 shows similar curves for 250 km/hr.
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Figure 3. PER comparison of localised and distributed mapping for 2x2 MIMO SM-VE with 4-QAM, 250km/hr, TU channel, with i.i.d (ρt=0 and ρr=0) and high correlation (ρt=0.7 and ρr=0.7).

4.2 With HARQ

Figure 4 and 5 show the spectral efficiency(SE) plots for SM-VE for localized and distributed carrier mapping with HARQ Type-II at 60 km/hr and 250 km/hr. The maximum number of re-transmissions is 3 and the delay between retransmissions is 3 subframes. In general, the distributed mapping has higher performance than the localized mapping scheme. 

For spatially i.i.d channel, note the nearly 2 dB advantage for distributed mapping to achieve the maximal SE of 2 bits/sec/Hz.

For high correlation (ρt = 0.7 and ρr = 0.7), the advantage of distributed mapping is even higher - about 3 dB advantage to achieve maximal SE.
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Figure 4. SE comparison of localised and distributed mapping for 4-QAM, 60km/hr, TU channel, with i.i.d (ρt=0 and ρr=0) and high correlation (ρt=0.7 and ρr=0.7).
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Figure 5. SE comparison of localised and distributed mapping for 4-QAM, 250km/hr, TU channel, with i.i.d (ρt=0 and ρr=0) and high correlation (ρt=0.7 and ρr=0.7).

We note that although the simulations have been presented for TU based MIMO models, similar results have been observed in preliminary simulations using the SCM models. 
5 Conclusion

We recommend the use of distributed carrier mapping for open loop MIMO and open loop transmit diversity modes which is captured in the following text proposal.
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-------------------------------------------------------------------------------------------------------------
--------------------------------Text Proposal------------------------------------------------------
7.1.1.4.2
High level principles of MIMO for unicast traffic

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 

Other high level principles  are as the followings:

· Maximum antenna configuration for evaluation is 4x4.

· Multiple codewords (including single codeword as a special case) that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated. Possible values for the maximum number of codewords per resource block transmitted by the Node B are 1, 2, 3, or 4. Possible values for the maximum number of codewords that can be received by the UE are 1, 2, 3, or 4
· In addition to the SDM, the spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency(-code) resource is supported for evaluation, which may be denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO. Note that the SDM is a special case of the SDMA.
· Use  of pre-coding as a means to convert the antenna domain MIMO signal processing into the beam domain processing should be investigated. It is FFS whether the precoding should be unitary or non-unitary. Because precoding might require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.  Any additional feedback required for precoding and any additional related computational complexity in the UE should also be taken into account..
· Rank adaptation (and/or the antenna subset selection), of which exact implementation is FFS, is supported for evaluation as a means to prevent possible performance loss from using higher number of MIMO layers than can be supported by the channel condition.
· An open loop transmit diversity should be investigated as an alternative mode of MIMO operation than the one requiring MIMO-specific feedback from the UE. Open loop MIMO and open loop transmit diversity modes should be investigated assuming distributed VRB mapping .
· Followings are identified as candidates for the UE feedback information but not limited to:
· MIMO channel state information, which may be used by the Node B to determine MIMO processing consisting of e.g., selection of the rank (and/or the antenna subset), and/or the pre-coding, etc.  
· If, for TDD operation, uplink reference signals should be transmitted to provide channel state information to support downlink MIMO transmission.

· Channel quality indicator (CQI), which may be used by the Node B to decide a MCS level(s). In addition to the CQI, another form of feedback signalling, which may be similar to the feedback information (FBI) as defined from Rel-99, should be considered as a candidate feedback signalling. 
· If multiple operation modes are defined, e.g. MIMO and open loop transmit diversity,, and an open loop MIMO are supported, it may be needed for a UE to inform the Node B of the indication of (preferred) operation mode.
--------------------------------Text Proposal------------------------------------------------------
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