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1 Introduction
In the LTE standard, the UE channel coefficients change as the UE or the environment scattering objects move. As the channel condition changes, it can affect the optimal transmission rank as well as the optimal MCS for each individual UE. . In [1], we studied the effect of shadowing on rank adaptation. In this contribution, we further study this effect in interference-limited scenarios. 
2 Channel Condition Changes
In a wireless communication system, the channel coefficients variations depend on the following factors.

· Channel impulse response statistics which determines the coherence bandwidth of the channel and is usually modelled by a set of (6) independent paths from the nodeB to the UE with different and predetermined power and propagation delay. These statistics also include the nodeB and UE antenna correlation matrices.

· UE geometry which is a function of path loss. Path loss is determined by the UE distance from the serving nodeB and the path loss exponent.

· Shadowing which is determined by the obstacles around the UE. 
· Fading which its speed is determined by the Doppler spread of the channel set by the mobile speed and the environment movement and is usually modelled by Jakes’ model.

In the above list, factors represent faster variations of channel coefficients as we progress from the top to the bottom of the list. The transmission MCS and rank can be adapted based on the changes resulted by all different sources.

3 Rank adaptation Based on Shadowing

In the LTE standard, closed loop MIMO is usually assigned to slow UEs and the channel assignment is localized. The location of the assigned RBs, transmission rank, MCS and precoding matrix are optimized based on the feedback from the UE which accounts for all different factors affecting the channel coefficients. The transmission rank is set based on the instantaneous rank of the channel matrix in the assigned RBs. All these parameters are renewed in a rate determined by the Doppler spread of the channel [2].
With a moderate and high speed UE, the channel assignment is distributed and transmission mode is spatial diversity (SFBC-based) scheme or spatial multiplexing (SM) with a fixed precoding matrix. In high speed environments, the rank and MCS adaptation cannot be based on fading, because:

· Feedback becomes out-dated very fast.

· Channel assignment is distributed and the effective ranks in different parts of the band are different.

As a result, rank adaptation for mobility users is effectively based on “long term” SNR variations produced by shadowing. If the resulting SNR is above a certain threshold, then a higher rank is adopted and below this threshold, a lower rank is utilized. The number of these threshold levels and their values depend on the number of antennas in both sides and the channel statistics (above shadowing) [3]. For example, in a 2x2 uncorrelated TU channel, only rank-1 and rank-2 transmissions are supported and based on link-level and system-level simulation results, the optimal switching threshold to maximize the throughput is around 0 dB [4]. The rank-adaptation criteria follow the same rules as MCS selection criteria and the optimized value for the threshold SNR to maximize the throughput varies with different implementations and can be evaluated based on different antenna configurations including antenna correlation factors at both sides and the coherence bandwidth of the channel. 
In this contribution, we study the effect of shadowing on the received SNR at the UE in a noise-limited environment. Similar approach can be followed for interference-limited environments, where the shadowing affects the power of the interference, too. Depending on the correlation of the shadowing on the serving and interfering nodeBs, the SINR variations in an interference-limited system may increase or decrease. If the shadowing random processes from different nodeBs are highly correlated, signal and interference up-fade and down-fade (due to shadowing) simultaneously and therefore, SINR variations are limited. With low correlation between the shadowing random processes of signal and interference, the SINR variations can be twice as high as the variations in the signal itself. 
4 Rank adaptation Statistics based on Shadowing

4.1 Rank adaptation statistics
In this contribution, we use a well-known shadowing model presented in [5]. In this model the shadowing in the logarithmic (dB) domain is an additive Gaussian random process with the correlation function in the time domain of 
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 is the sampling period. Based on [2], in an urban area, the standard deviation of the shadowing process is 4.3 dB and the correlation coefficient for a distance of 10 m is 30%. Note that a UE with the speed of 120 km/h, only needs 1/3 of a second to travel 10 m and experience a relatively new and independent shadowing coefficient. Figure 1 shows an example of such shadowing process in an urban area.
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Figure 1: A shadowing example in an urban area.
Rank switching period based on the shadowing coefficient is a function of shadowing correlation function as well as the mobile speed. Figure 2 shows an example of shadowing random process experienced by a UE with 120 km/h speed and geometry average SNR of 1 dB. We assume that the UE is geared down to rank-1 when the SNR goes below 0 dB and geared up to rank-2 when the UE is above 0.5 dB. A transition zone between 0 to 0.5 dB is introduced in order to prevent the transmission rank from alternating between rank-1 and rank-2 when the received SNR is around 0-0.5 dB. The SNR reporting rate is set to every 5 msec (5 sub-frames). Figure 2 shows an example of the effective SNR based on these assumptions. 
Figure 3 shows the assigned transmission rank to the user with the received SNR depicted in Figure 2. As shown in the Figure, there are some short periods of time that the user switches to a lower or a higher rank and switches back shortly when the received SNR is fluctuating around the threshold region. For some other instances, the user maintains its rank for a long period of time because it is well above or below the threshold. In the following, we denote each period of time where the rank remains constant by a switching segment. In other words, a switching segment is the duration between switching to rank-2 (1) and returning back to rank-1 (2). 
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Figure 2: An instantiation of received SNR for a UE with 120 km/h speed.
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Figure 3: Transmission rank for the shadowing random process in Figure 2.
Figure 4 shows the CDF of the rank switching segments for the UE specified above. As it can be seen from the Figure, 50% of the segments last for 50 msec or less. Simulation results also show that on average, the transmission rank changes 7.4 times every second and the UE experiences rank-1 transmission around 39% of the time.
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Figure 4: The CDF of the switching segments for a 120 km/h UE.
4.2 Effect of Average SNR and Threshold 
In the shadowing model used in this contribution, the long term SNR consists of the average SNR plus a shadowing random process. Therefore, the rank switching segments are only a function of the difference between the average SNR and the threshold. In other words, the statistics of a system with an average SNR of 1 dB and a threshold of 0 dB is equivalent to a system with SNR average of 3 dB and a threshold of 2 dB. Therefore, we only need to study the effect of average SNR. When the SNR average is well above the threshold, the rank switching happens when only the user experiences deep shadowing and it is geared down to rank-1 (in the example provided in the previous section). On the other hand, if the threshold is well above the average SNR, then rank-2 happens rarely when the UE experiences no or little shadowing. Figure 5 shows the CDF of the switching segments of the same system as in Figure 4 when the average SNR is 4 dB.  As shown in the Figure, the number of short switching periods remains high as there are many short instances where the UE gears down to rank-1 and returns to rank-2 shortly after that. However, for such systems, the average switching rate is down to 2.85 times a second and the UE experiences rank-1 transmission only 8% of the time.
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Figure 5: The CDF of the switching segments for a 120 km/h UE and average SNR of 4 dB.
4.3 Effect of SNR reporting period
With a fast reporting period, the number of short duration switching times increases. Figures 6 and 6 show the CDF of the same system as in Figure 4 with SNR report period of every 1 and 20 msec, respectively. With SNR reporting of every 1 msec, the 50 percentile switching time reduces to 22 msec, the switching rate is up to 10.3 times every second and the UE is in rank-1 transmission 40% of the time. With SNR reporting period of every 20 msec, the 50 percentile of switching time is around 80 msec, the switching rate is 4.5 times every second and the UE uses rank-1, 38% of the time.
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Figure 6: The CDF of the switching segments for a 120 km/h UE and SNR report period of 1 msec.
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Figure 7: The CDF of the switching segments for a 120 km/h UE and SNR report period of 20 msec.
4.4 Effect of the UE speed
The shadowing factor is a function of the UE location. So, as the UE speed increases the correlation time of the shadowing process decreases. Figures 8 and 9 show the CDF of switching segments for the same system as in Figure 4 except that the UE speed is 30 and 350 km/h, respectively. The switching rates of these systems are 2.53 and 14.83 every second for 30 and 350 km/h and the 50% switching times are around 100 and 25 msec, respectively. The rank-1 transmission is used around 39% of the time for both mobile speeds.
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Figure 8: The CDF of the switching segments for a 30 km/h.
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Figure 9: The CDF of the switching segments for a 350 km/h.
4.5 Effect of the SNR threshold transition zone
When the total SNR is near the threshold, the UE may alternate back and fourth between the two transmission ranks. Introducing a threshold transition zone eliminates many of these alterations. Figures 10 and 11 show the CDF of the switching rate for the same system as in Figure 4 when the transition zone is set to 0.1 and 1 dB, respectively. In other words, the gearing down threshold is retained at 0 dB while the gearing up threshold is 0.1 and 1 dB, respectively. With a narrow transition zone of 0.1 dB, many short switching periods are introduced and the 50 percentile switching times decreases to 20 msec from its original 50 msec. The switching rate is now 10.7 times a second and the UE is using rank-1 transmission mode, 36% of the time. With a 1 dB transition zone, the 50 percentile switching time is up to 80 msec and the switching rate is down to 5.2 per second. The UE will use the rank-1 transmission for 44% of the time. 
A wider transition region results in eliminating the short duration segments. However, this may result in throughput loss due to underutilization of the channel when the SNR is in the transition region. Note that the transition zone optimization is also a function of the CQI report resolution and MCS selection step. 
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Figure 10: The CDF of the switching segments for a 30 km/h and SNR threshold transition zone of 0.1 dB.
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Figure 11: The CDF of the switching segments for a 30 km/h and SNR threshold transition zone of 1 dB.
4.6 Interference-limited Environment

In an interference-limited environment, both signal and interference are subject to shadowing. The SINR is a function of the serving and interference shadows and results in a higher or lower overall SINR variations compared to noise-limited environments. These variations depend on the correlation between the shadowing random processes corresponding to serving and interfering signals. 
Figures 12-15 show the overall SINR for an interference-limited environment where the serving SNR (not including the interference) is 10 dB and the interference is 3 dB lower than the main signal. This results in an overall SINR average of 2.2 dB. The mobile speed is set at 120 km/h and the two shadowing random processes are assumed to be identically distributed as in the urban shadowing model in [2]. The correlation factor between the two signals is assumed to be 10%, 50%, 90% and 100%. The latter represents the interference from a neighbouring sector from the same nodeB. As it can be seen from the figure, higher correlation factor means lower variations in the overall SINR.
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Figure 12: : An instantiation of received SNR for a UE with 120 km/h speed in an interference-limited environment (correlation factor = 10%).
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Figure 13: An instantiation of received SNR for a UE with 120 km/h speed in an interference-limited environment (correlation factor = 50%).
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Figure 14: An instantiation of received SNR for a UE with 120 km/h speed in an interference-limited environment (correlation factor = 90%).
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Figure 15: An instantiation of received SNR for a UE with 120 km/h speed in an interference-limited environment (correlation factor = 100%).
Figures 16-19 show the cumulative distribution of switching segments when rank report period is 5 msec. The rank switching up and down thresholds are set at 0.5 and 0 dB, respectively. Simulation results for the aforementioned scenario show that with only 10% correlation between the two random processes, the transmission rank changes 5.5 times a second and about 22% of the time, rank-1 transmission is selected. With 50% correlation, the transmission rank switches 3.72 times in a second and 16% of the time, rank-1 transmission is selected.  With 90% and 100% correlation factor, the switching rate is 0.4 and 0.03 times a second and rank-1 transmission is selected about 2.5% and 1% of time, respectively.
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Figure 16: The CDF of the switching segments for a 120 km/h UE in an interference-limited environment (correlation factor = 10%).
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Figure 17: The CDF of the switching segments for a 120 km/h UE in an interference-limited environment (correlation factor = 50%).
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Figure 18: The CDF of the switching segments for a 120 km/h UE in an interference-limited environment (correlation factor = 90%).
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Figure 19: The CDF of the switching segments for a 120 km/h UE in an interference-limited environment (correlation factor = 100%).
5 Conclusion

In this contribution, we study rank-adaptation based on shadowing for high speed UEs and distributed channel assignment. In such environment, rank-adaptation based on fading is useless, due to out-dated feedback and frequency diversity of the channel, and the only quantity for rank assignment is the “long term” SNR. Simulation results in this contribution show that for a moderate or high speed UE, the effective long term SNR may pass the threshold SNR every few msec. The switching period is determined by the UE speed, the average SNR as well as threshold SNR, the threshold transition zone and the SNR reporting period. Simulation results show that the 50 percentile of the switching segments vary between 20 to 100 msec and the rank switching rate is 2.5 to 14.8 times a second for various simulation assumptions. Therefore, we recommend shadowing-based slow rank-adaptation with SNR report of every few (2 to 10) frames.
References

[1] Nortel, R1-073296, “Discussion on Rank Adaptation Based on Shadowing for High Speed UEs,” 3GPP TSG-RAN1 WG1#50, Athens, Greece, Aug 20 – 24, 2007.
[2]
Texas Instruments, R1-072885, “Feedback rate for Rank Adaptation and Pre-coding,” 3GPP TSG-RAN1 WG1#49bis, Orlando, USA, 25-29 June 2007.
[3]
Nortel, R1-062145, “DL Adaptive MIMO Performance Evaluation,” 3GPP TSG-RAN1 WG1#46, Tallinn, Estonia, Aug 28 – Sep 1, 2006.
[4]
 Nortel, R1-073973, “System level simulation of adaptive MIMO for high speed UE,” 3GPP TSG-RAN1 WG1#50bis, Shanghai, China, Oct 8 – 12, 2007.
[5]
M. Gudmundson, “Correlation model for shadow fading in mobile radio system”, Electronic Letters, Vol. 27. pp. 2145-2146, November 1991.



























































































































































































































































































































































































































































































































PAGE  
1

_1247993761.unknown

_1247993834.unknown

_1248000874.unknown

_1247993856.unknown

_1247993814.unknown

_1247993688.unknown

_1247993722.unknown

_1247993644.unknown

