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1 Introduction
This contribution focuses on comparing the system performance of Alamouti-space-time-block codes (STBC) and cyclic-delay-diversity (CDD) in a downlink open-loop setting.  In this comparison it is assumed that channel quality information is not available at the transmitter.  The scenarios considered for this mode of operation cover transmission to high mobility users as well as transmission on low-rate control channels.  The results presented here are in contrast to the system level results presented in [1], which considered performance with CQI feedback and frequency-dependent scheduling. Link layer results for open-loop transmit diversity schemes were presented in a companion document, [2], where it was shown that the relative differences between STBC and CDD schemes were dependent on the interference scenario of interest.  In this contribution, we quantify the impact of the differences in link performance on system level results.    
2.1 Simulation assumptions
Details related to simulation methodology are listed in the Appendix and [3].  We focus on Case 1 of the reference scenarios described in 25.814, [4].  For the open-loop comparison, users are assigned a fixed modulation and coding (MCS) scheme based on the average SINR at the subscriber.  A fading margin is added to the AWGN SINR required to achieve the target PER before MCS selection is performed.  We assume that the average SINR is available to the transmitter upon network entry or through a slow reporting mechanism.  We also use distributed sub-carrier sub-channels to maximize frequency diversity gain as fast link-adaptation and frequency-dependent scheduling gains are unavailable in the absence of instantaneous channel quality feedback.
3.1 System performance comparison of Receive-Diversity, STBC and CDD 
3.1 CDF of SINR Distributions 

Figure 1 and Figure 2 show the CDF of the exponential-effective SINR (EESM) distribution across the cell for flat and TU fading channels, when the resource blocks comprise randomly distributed sub-carriers.  The EESM is the link to system level mapping used to model link performance in a system level simulation and is also a useful metric for MCS selection (see [3]).  The EESM is computed across a resource allocation block and the values used to plot the CDF figures correspond to the SINR values for the maximum rate supported at the target packet error rate.  
From the CDF figures shown below for flat fading channels, it can be seen that the CDFs corresponding to distributed sub-carrier resource blocks behave differently when compared to those shown for the contiguous sub-carrier resource blocks in [1].  The differences occur because for distributed sub-carrier resource blocks, each block comprises a representative sample of the channel coefficients across the entire OFDM band.  All resource blocks therefore see a roughly equivalent channel sample and the variability of SINR across resource blocks is thus reduced.  The reduction in the SINR variance is more pronounced for CDD as it earlier relied on introducing a high degree of frequency selectivity across OFDMA resource blocks.  Further, the use of CDD in a “large delay” mode, maximizes frequency diversity across a resource block, which further reduces the SINR variation across the block.  It can be seen that the CDF for CDD has a steeper slope which accounts for reduced variability across the mean SINR value. 
In this contribution, we will focus on the low-SINR range for comparing CDD and STBC schemes, as this is the range in which open-loop diversity transmission techniques are likely to be used.  The tables below show the mean and variance of the lowest 10% of the SINR distribution.  The mean of the instantaneous SINR will determine the average likelihood of making a packet error, given a fixed MCS scheme chosen for transmission. Additionally, variations around the average SINR values will also determine the chances of  successful reception. If the average SINR value is such that packet errors occur with high probability for the chosen MCS scheme, then the schemes will rely on SINR variations to transmit a packet successfully.    From Table 1 it can be seen that while the variance of the 1x2 scheme is the highest, its mean is lower than STBC and CDD by over 2 dB.  CDD has improved mean SINR over STBC but its variance is lower when compared to STBC.  We also note that the mean SINR of all three schemes is lower than the SINR required to achieve 1% PER for the lowest rate MCS, which is roughly -0.5 dB for QPSK-1/3.  If we compare the SINR values which are within 2 standard deviations of the mean, it can be conjectured  that the throughput performance of STBC and CDD will be better than 1x2 RD for low-SINR users.  Similar conclusions may also be drawn using the mean and variance results for low-SINR users for the TU channels,  shown in Table 2.  
Figure 1: CDF of EESM-effective SINR distribution for scheduled users, assuming distributed sub-carrier channels. .  Reference scenario 1 for flat channels is considered.
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Figure 2: CDF of EESM-effective SINR distribution for scheduled users, assuming distributed sub-carrier channels. .  Reference scenario 1 for TU channels is considered.
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Table 1: Mean and variance of the minimum 10% of SINR values (EESM) for flat fading  channels, with MF and distributed sub-carrier channels.
	Configuration 
	Mean of SINR(EESM) values comprising 10% of the SINR CDF (dB)
	Variance of SINR(EESM) values comprising 10% of the SINR CDF (dB)

	1x2
	-5.13
	7.1

	2x2 STBC 
	-2.9
	3.43

	2x2 CDD 
	-2.5
	2.44


Table 2: Mean and variance of the minimum 10% of SINR values (EESM) for TU  channels, with MF and distributed sub-carrier channels.
	Configuration 
	Mean of SINR(EESM) values comprising 10% of the SINR CDF (dB)
	Variance of SINR(EESM) values comprising 10% of the SINR CDF (dB)

	1x2
	-1.66
	1.33

	2x2 STBC 
	-1.35
	1.11

	2x2 CDD 
	-1.22
	1.15


3.2 Spectral efficiency 
In this section we compare the average spectral efficiency performance of 1x2 RD, 2x2 STBC and CDD schemes.  These results are reported here for completeness as we are more interested in the user throughput performance for users with low SINR . It can be seen that the average spectral efficiency of all the schemes are very similar.  The per sector spectral efficiencies shown here are considerably lower than those reported in [1], as only the average SINR statistics are used to determine the transmission rate and the instantaneous channel variations are not exploited.
Table 3: Comparison of STBC and CDD schemes in flat fading channel, with round-robin scheduling and matched filter receiver
	Configuration 
	OFDMA 0.5 ms TTI

1125KHz sub-bands
(MF)
[b/s/Hz/Sector]

	1x2
	.62

	2x2 STBC 
	.68

	2x2 CDD 
	.67


Table 4: Comparison of STBC and CDD schemes in TU channel, with round-robin scheduling and matched filter receiver
	Configuration 
	OFDMA 0.5  ms TTI

1125KHz sub-bands
(MF)

 [b/s/Hz/Sector]

	1x2
	.87

	2x2 STBC 
	.89

	2x2 CDD 
	.91


3.3 User throughput
The round-robin user throughput corresponding to the 5% and 10% CDF point is compared for the flat fading and TU channel models in Table 5 and Table 6 respectively.  It can be seen that the performance of CDD and STBC schemes are similar when considering  the average user throughput of weak users.
Table 5: User throughput comparison at 5% and 10%  CDF in flat fading channels, with round-robin scheduling, with matched filtering.  0.5ms TTI and 1125 KHz distributed resource blocks are assumed.
	Configuration 
	5% CDF of user throughput

 [kbps]
	10% CDF of user throughput
[kbps]

	1x2
	158
	232

	2x2 STBC 
	205
	296

	2x2 CDD 
	240
	309


Table 6: User throughput comparison at 5% and 10% CDF in TU channels, with round-robin scheduling, with matched filtering.  0.5ms TTI and 1125 KHz distributed resource blocks are assumed.
	Configuration 
	5% CDF of user throughput

 [kbps]
	10% CDF of user throughput

[kbps]

	1x2
	263
	375

	2x2 STBC 
	307
	410

	2x2 CDD 
	325
	413


4.1 Conclusions
In this contribution we have compared the system performance of 1x2 RD, 2x2 STBC and CDD schemes with the assumption that these schemes are used in an open loop mode without the knowledge of instantaneous CQI at the transmitter.  Hence MCS selection is based on the average SINR which may be available at the transmitter upon initial network entry or slow measurement reports.  
In our comparison we focused on the performance of low rate users in the systems, as such users are most likely to benefit from open-loop transmit diversity schemes. Our average throughput results for low-SINR users show similar performance for both STBC and CDD.  Hence, we conclude that when the performance of open-loop transmit diversity schemes is compared in a system level setting, there is little difference in the performance of CDD and STBC schemes.
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6.1 Appendix
6.1 Link simulation assumptions
The following table captures the link level simulation assumptions used for generating the system simulation results shown in this document.  Further details are captured in a companion document, [3], which also specifies parameters related to the EESM link-to-system mapping. 
Link simulation parameters
	Issues
	Details

	DL Modulation and coding 
	QPSK  1/3, 2/5, ½, 3/5, 2/3, 3/4
16QAM ½, 3/5, 2/3, ¾, 4/5,7/8
64QAM  1/2, 3/4

	Coding for data channel and Mother code rate
	Turbo, 1/3

	Non-ideal receiver functions
	Ideal channel estimation 
Ideal interference estimation

	Link Mappings 
	EESM (exponential-effective-SINR)


	Cyclic delay value
	64 samples 


6.2 System simulation assumptions

Key system level simulation assumptions are summarized in following tables.  Further details are available in [3].
Macro-cell system simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Flat fading and Typical Urban (TU) with spatial extension

	Spatial channel model
	Tx/Rx correlation matrices

	Tx correlation 
	0.0

	Rx correlation
	0

	UE speed
	3km/hr

	Total BS TX power (Ptotal)
	46dBm – 10MHz carrier

	Inter-cell interference modeling
	DL: Explicit modeling of strongest B = 14 frequency selective interferers

	Macro-diversity
	Users dropped uniformly in a cell of 3R radius 

	HARQ
	None 

	Target PER
	1%

	Admission control 
	All users, including users in coverage outage are considered for scheduling opportunities

	Link adaptation 
	MCS selection based on average SINR.  A fade margin is added to the AWGN SINR required to achieve the target PER. The fade margin is 3 dB for flat fading channels and 0 dB for TU channels.

	CQI feedback 
	No fast CQI feedback.  Periodic feedback on average SINR is assumed for MCS selection.

	Scheduler
	Round-Robin 

	Traffic Models 
	None.  Full buffer queues are assumed


OFDMA simulation parameters

	Parameter
	Assumption

	Subframe duration
	0.5ms 

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Short

	Number of OFDM symbols per subframe
	6 (data) + 1 (reference/control)

	Resource block/per user
	25 subcarriers x 6 symbols

	OFDM resource block type 
	Randomly distributed sub-carriers per resource block

	Coded block/per user
	Fixed code block size of 

75 sub-carriers x 6 symbols 

	Control + Reference overhead 
	25% 
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