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1. Introduction

Heterogeneous deployment support is an important feature of LTE-A, as more explicitly stated in the revised LTE-A study item description [1]. Such network is typically characterized as a macro cellular deployment with an overlay of many lower-power nodes such as pico, hotzone, femto, and relays. TR36.814 [2] current defines three types of heterogeneous nodes for system simulation: RRH/Hotzone, Femto, and Relay. Three macro-cell environments are also defined: Case 1, Case 3, and IMT.EVAL Rural/High Speed. So the three types of heterogeneous nodes can be overlaid in either Case 1, or Case 3, or rural/high speed scenarios.  
In TR36.814, the large-scale fading models are defined for various links to and from heterogeneous nodes. For example, RRH/Hotzone and relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto path loss is based on ITU-R M1225 single floor indoor office model. However, the small-scale channel model for fast fading is not clearly defined in TR36.814, expect for the statement: “If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.”
In this contribution we discuss the need of modeling fast fading in heterogeneous networks, especially the frequency and spatial selectivity of the desired and interference links. We propose a possible approach for consideration, which is to simply by adopting IMT.EVAL models (both long and short term) with slight modification/simplification. By simply replacing Case 1 with UMa, Case 3 with RMa, Hotzone with UMi, and Femto with InH, we observed in this document that the system characteristics (e.g., SINR CDFs, UE attachment probability, etc.) under the models currently defined in TR36.814 match well with results obtained under the proposed IMT.EVAL based models. The benefit of the proposed approach is consistency between the generation of both short and long term parameters, as well as their correlations, as opposed to the approach of adding a small-scale model that is decoupled from the large-scale model. The challenge of increased complexity in a heterogeneous network simulator is anticipated due to the significant increase in the number of interfering links to be modeled in a heterogeneous deployment. IMT.EVAL channel models for different links are certainly more sophisticated due to the random behavior of clusters (their numbers, delays, AOAs and AODs, AS at both ends, powers, phases, etc.). Therefore, some further simplifications based on this general proposal can be very helpful. 
2. Importance of Fast Fading Modeling in Heterogeneous Deployment and Modeling Approaches
One of the most important aspects of heterogeneous deployments is the study of the nature of the interference under various scenarios and any mitigation techniques. Even though users in typical use cases are at low mobility or static, thus not undergoing a “fast” fading process, the fact that a fast fading model can model frequency selectivity can be very important for investigating the frequency selectiveness of interference. In fact, it is also stated in TR36.814 that inter-cell interference should be explicitly modeled which may include the frequency-selective nature of the interference. The interference observed at a victim UE may indeed be stable enough so that a simple technique that can exploit frequency-selective transmission can be effective.

Similarly, the spatial domain of the channel may also be exploited in potential interference mitigation schemes to be studied in LTE-A in heterogeneous context. In TR36.814, the antenna configuration of the heterogeneous nodes is either 2x2 or 4x4, so it is expected that some implementations may have the capability of spatial interference mitigation. For example, CoMP between heterogeneous nodes could be effective even with loose coordination in a stable interference environment. In fact, CoMP-based interference mitigation can be critical to the perceived user experience since the victim UE, if located at a position that suffers from interference, is unlikely to get out of the interference for a long time given its limited chance to move around. 
2.1. Frequency Selective Interference 
Frequency-selectivity of interference can be exploited to mitigate interference. To see the point, we can first investigate wideband average SINR versus sub-band SINR. 

Given we don’t have a fast fading channel from UE to heterogeneous nodes in TR36.814, we simulate the case when 4 UMi hotzones are overlaid on top of UMa (57 sectors with wrap-around and 3D antenna pattern), denoted as “UMa/UMi” scenario. The wideband SINR (50 PRB) and per-band SINR (5 PRB) is plotted in Figure 1. We can see:

· With overlay, both wideband and per-band SINR get slightly worse compared to macro-only (i.e., without overlay). This is due to the fact that UEs that can benefit from hotzone is relatively few. But the presence of hotzones increased the interference seen at some macro UEs.

· Mean of per-band SINR seems to be worse than that of wideband SINR. This is due to dB plotting, i.e., the mean of per-band SINR in linear domain is the same as mean of wideband SINR, but the mean per-band SINR in dB is not the same as the mean wideband SINR. 
[image: image1.emf]-10 -5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR (dB)

CDF

SINR

 

 

Per band SINR

Per band SINR, macro only

Wide band SINR

Wide band SINR, macro only


Figure 1: CDF of SINR for all UEs: wideband (50 PRB) vs. per-band (5 PRB)

If we focus on wideband SINR around 0dB (i.e., only UEs under significant interference from hotzone or macro), we can see that per-band SINR has a much bigger range than wideband SINR (Figure 2). Clearly, the selectivity of sub-band interference can be exploited for interference mitigation. 
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Figure 2: CDF of wideband and per-band SINR for near-0dB UEs

In Figure 3, we further look into SINRs of UEs attached to hotzone (left plot) and UEs attached to macro but has the most significant interferer being a hotzone eNB (right plot). “macro-only” denotes the SINRs of the same UE positions when the hotzone eNB is not present. It can be seen that frequency-selective interference model is important to investigate potential interference mitigation schemes.
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Figure 3: CDF of wideband and per-band SINR for UEs attached to hotzone (left plot) and UEs attached to macro but has the most significant interferer being a hotzone eNB (right plot)

2.2. Two General Modeling Approaches
Given the need of modeling frequency-selective spatial channels for both the serving and interfering nodes, and the fact that current models in TR36.814 only reflect the large-scale channel behaviors, there may be two general approaches to add any small-scale channel models:

1. Add a TDL model with fixed-delay taps, PDP, and per-tap (cluster) AOA, AOD, ASD, ASA, by removing any correlation between large-scale and small-scale parameter generation as defined in current SCM or IMT.EVAL models. For example, since RRH/Hotzone pathloss model is based on UMi NLOS, we can use the corresponding CDL. However, since the femto-UE path loss model is based on ITU-R M1225 single floor indoor office model, it is unclear what will be the corresponding CDL model in IMT.EVAL even though indoor CDL might be a reasonable choice.

2. Adopt the IMT.EVAL channel models for both large-scale and small-scale. This means that the current path loss model will have to be changed, for example, using UMi for RRH/hotzone to UE link and InH for femto-UE link.

There are pros and cons for each of the two approaches. The advantages of approach-1 are:

· No need of changing current path loss models when adding fast fading models
· CDL model is simple and well-defined with no dependency on other large-scale random parameters, so it may facilitate faster simulation with quicker result convergence

The main disadvantages of approach-1 is inconsistency due to decoupled path-loss modeling and fast fading modeling, given they are typically correlated in reality. For example, the femto-UE link currently adopts the ITU-R M1225 single floor indoor office model for pathloss, but the fast fading model uses, let’s assume, InH CDL from IMT.EVAL. At the same time, macro-UE link currently adopts the SCM (case-1 or 3) pathloss model, which may adopt SCM for fast fading models as well. The mix-up between different large-scale models (SCM, ITU-R M1225, and IMT.EVAL) and small-scale models (SCM and IMT.EVAL) creates consistency issues. For example, SCM assumes the shadow fading from the same UE location to different sites as correlated random processes, which are assumed independent in IMT.EVAL (note that shadowing also correlates with other small-scale parameters such as DS and AS in both SCM and IMT.EVAL), but SCM does not model the correlation of shadow fading among UE positions in close proximity, which IMT.EVAL does.  The inconsistency modeling among multiple links will lead to interference observations not reflecting practice. 
On the other hand, the advantage of approach-2 is the consistency between large-scale and small-scale parameter generation and their correlations. The disadvantage is mainly on the complexity of the IMT.EVAL model that will increase the run time of the simulator and/or require a very large amount of memory. Hence some simplifications are desirable. Some examples could be considered are:
· For large-scale modeling, use NLOS as the main scenario
.
· For small-scale modeling, use CDL to facilitate faster execution and quicker result convergence

With possible simplification in mind, approach-2 might be preferred. After some comparisons of the current models defined in TR36.814 and the proposed IMT.EVAL based models, we show in the next section that the long term system characteristics (e.g., SINR CDFs, attachment probability, etc.) are indeed very similar.
3. Comparison of Current Models and IMT.EVAL Models   
We investigate the difference in system characteristics (e.g., SINR CDFs, attachment probability, etc.) between existing heterogeneous modeling and the proposed IMT.EVAL based modeling where we, 
· Replace Case 1 with UMa (both with 3D antenna pattern)
· Replace Case 3 with RMa (both with 3D antenna pattern)

· Replace Hotzone with UMi (both with 2D omni antenna pattern) 

· Replace Femto with InH (both with 2D omni antenna pattern)
Notice that only the channel models are proposed to be replaced, all the other parameters (e.g. BS TX Power, antenna gain) are still based on the definitions in TR36.814. Also it is reasonable to focus on a UE speed of 3kmph.
3.1. Case1/Hotzone vs. UMa/UMi

Existing Case-1/hotzone deployment assumes UEs are indoor and hotzone and macro eNBs are outdoor, because of the 20dB penetration loss to both Case 1 and Hotzone. So we propose the following modification to UMa and UMi in order to match Case 1/Hotzone:

· Replacing O2V with a 20dB penetration loss for UMa
· Removing LOS and adding 20dB penetration loss for UMi
The wideband SINR distribution of all UEs is plotted in Figure 4. We can see:

· Replacing O2V with 20dB penetration loss seems to have negligible effect on original UMa SINR CDF (denoted as  “Original UMa Only (Ericsson)”) 
· Overlay decrease SINR for macro UEs, as expected

· CDF for UMa/UMi is similar to that of existing Case 1/Hotzone. The difference at high SINR tails is due to antenna front-to-back ratio of Am=25dB for Case 1 versus 20dB for UMa.
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Figure 4: CDF of wideband SINR for all UEs

If we look at SINR for UEs attached to hotzone (Figure 5), we can see:

· Similar attachment rate for case1/hotzone and UMa/UMi. Lower SINR gain for hotzone UEs for Case1/Hotzone may be due to Am=25dB in Case 1 versus 20dB in UMa.
· Improvement of SINR to those UEs are obvious 
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Figure 5: CDF of wideband SINR for UEs attached to hotzone

The attachment probability as a function of distance to hotzone eNB is shown in Figure 6. Both cases are very similar. 
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Figure 6: Probability of attachment to hotzone eNB as a function of distance

3.2. Case3/Hotzone vs. RMa/UMi

Existing Case 3/Hotzone deployment assumes UEs are indoor and hotzone and macro eNBs are outdoor, given the 20dB penetration loss defined in both Case 3 and Hotzone. So we propose the following modification to RMa and UMi in order to match Case 3 and Hotzone:

· Replacing O2V with a 20dB penetration loss for RMa

· Remove LOS for RMa. Use only NLOS case, since results (not reported here) showed that the high LOS probability in RMa can significantly reduce the attachment probability as compared to Case3/Hotzone.
· Removing LOS and adding 20dB penetration loss for UMi
The wideband SINR distribution of all UEs is plotted in Figure 7. We can see

· Removing LOS for RMa (shown here) degrades the SINR distribution compared to the original RMa SINR CDF (denoted as “Original RMa only (Ericsson)”). What not shown is that replacing O2V with 20dB penetration loss seems to have negligible effect.
· CDF for RMa/UMi is similar to that of existing Case3/hotzone. Difference at high SINR tails is due to Am=25dB for Case 3 versus 20dB for RMa.
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Figure 7: CDF of wideband SINR for all UEs

If we look at SINR for UEs attached to hotzone (Figure 8), we can see:

· Similar attachment rate for Case3/Hotzone and RMa/UMi. 

· Improvement of SINR to those UEs are obvious 
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Figure 8: CDF of wideband SINR for UEs attached to hotzone

The attachment probability as a function of distance to hotzone eNB is shown in Figure 9. Both cases are very similar. 
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Figure 9: Probability of attachment to hotzone eNB as a function of distance

3.3. Case1/Femto vs. UMa/InH
Case1 has a 20dB penetration loss all the time, but Femto does not include any loss regardless the distance to femto eNB. Given the pathloss expression for femto is more valid for indoor propagation, we propose
· Define a cell radius (e.g., 30m) for femto over which there is a reverse penetration (wall) loss from UE to femto, i.e. the UEs close to femto are modeled as “indoor” and UEs far away from femto are modeled as “outdoor”
· Replacing O2V pathloss for UMa with 20dB penetration loss. But when having femto/InH overlay, keeping 20dB penetration loss for indoor UEs only and remove it for outdoor UEs for both Case 1 and UMa 
With the above modification to both femto and InH models, the wideband SINR distribution of all UEs is plotted in Figure 10. We can see

· Impact to macro UEs due to femto is minimal statistically due to the 20dB wall loss assumed. With overlay, UEs sees significant improvement on SINR at high SINR region when attached to femto. 

· CDF for UMa/InH is similar to that of existing Case1/Femto. Difference is at high SINR tails for macro only due to Am=25dB for Case 1 versus 20dB for UMa.
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Figure 10: CDF of wideband SINR for all UEs

If we look at SINR for UEs attached to femto (Figure 11), we can see:

· Similar attachment rate for Case1/Femto and UMa/InH. 

· Improvement of SINR to those attached UEs are obvious 
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Figure 11: CDF of wideband SINR for UEs attached to femto

The attachment probability as a function of distance to femto eNB is shown in Figure 12. Both cases are very similar. The effect of reverse penetration from femto to outdoor UEs (i.e., beyond 30m) is evident.
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Figure 12: Probability of attachment to femto eNB as a function of distance

3.4. Case3/Femto vs. RMa/InH
Same as previous simplification to RMa and InH, we also propose the following simplification:

· Remove LOS for RMa. Use only NLOS case since results not reported here showed that the high LOS probability in RMa can significantly reduce the attachment probability as compared to case3/femto.

· Define a cell radius (e.g., 30m) for Femto and InH over which there is a reverse penetration (wall) loss from UE to femto, i.e. the UEs close to femto are modeled as indoor and UEs far away from femto are modeled as outdoor
· Replacing O2V with a 20dB penetration loss for RMa. But when having femto/InH overlay, keeping 20dB penetration loss for indoor UEs only and removing it for outdoor UEs for both Case 3 and RMa. 
With the above modification, the wideband SINR distribution of all UEs is plotted in Figure 13. We can see

· Removing LOS in RMa degrades the SINR distribution compared to the original RMa SINR CDF (denoted as “Original RMa only (Ericsson)”).What not shown is that replacing O2V with 20dB penetration loss seems to have negligible effect. 

· Overlay has little impact to macro UEs due to 20dB wall loss. 

· CDF for RMa/InH is similar to that of existing Case3/Femto. Difference is at high SINR tails for macro only due to Am=25dB for Case 3 versus 20dB for RMa.
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Figure 13: CDF of wideband SINR for all UEs

If we look at SINR for UEs attached to hotzone (Figure 14), we can see:

· Similar attachment rate for Case3/Femto and RMa/InH. They are much lower due to smaller footprint of femto cells relative to the RMa coverage area.
· Improvement of SINR to those attached UEs are significant 
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Figure 14: CDF of Wideband SINR for UEs attached to femto

The attachment probability as a function of distance to femto eNB is shown in Figure 15. Both cases are very similar. The effect of femto reverse penetration to outdoor UEs (i.e., beyond 30m) is evident.
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Figure 15: Probability of attachment to femto eNB as a function of distance

4. Conclusion

In this contribution, we propose to add frequency selective spatial channel model in the system simulation of heterogeneous networks by adopting IMT.EVAL large-scale and small-scale channel models with the following slight modification/simplification:

· Replacing Case 1 with UMa (both with 3D antenna pattern)

· Further replacing O2V with a 20dB penetration loss for UMa
· LOS may be still enabled for UMa, but can be removed if desired (i.e., only NLOS) 
· Replacing Case 3 with RMa (both with 3D antenna pattern)

· Further replacing O2V with a 20dB penetration loss for RMa

· Removing LOS for RMa. Use only NLOS case.

· Replacing Hotzone with UMi (both with 2D omni antenna pattern)
· Further limiting UMi to NLOS case only
· Adding 20dB penetration loss for UMi 

· Replacing Femto with InH (both with 2D omni antenna pattern)

· Further defining a Femto/InH cell radius (e.g., 30m) over which there is a 20dB reverse penetration (wall) loss from UE to femto, i.e., “outdoor” UEs
· When overlaying InH over macro cell (i.e., UMa or RMa), removing 20dB penetration loss from outdoor UEs to macro 
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�Question: Why do we use NLOS as the main scenario? My guess is we want to match Case1/3 behavior, is that correct? 
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