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Discussion and decision
1. Introduction
The purpose of this email discussion was to agree on a text proposal for TR36.839 on the study RAN2 has done for the impact of eICIC on HetNet mobility performance. RAN2#78 agreed on the following high level principles in terms of what needs to be captured in the TR.

· It can be concluded that eICIC does not have a negative effect on mobility performance and may actually perform better it in certain cases 
· Will capture simulation results for CRE of 0dB and 6dB as well as perfect and imperfect coordination
· For imperfect ABS coordination the TP needs to explain what it means
· Degradation in performance in case of 6dB CRE with imperfect ABS coordination compared to the baseline performance should be captured with appropriate explanations.

· Capturing other aspects can be considered
2. Discussion
The initial TP from the rapporteur is provided in the Annex as a starting point for discussion.
· It is proposed to capture simulation results from R2-122804 for perfect and imperfect ABS coordination.

· The result indeed includes other bias than 0dB and 6dB. Is this OK? At least it shows the performance trend between 0dB and 6dB nicely in a form of comparison between perfect and imperfect ABS coordination. 

· The rapporteur was not clear what other aspects can be captured given the limited discussion in RAN2#78 (i.e. only two papers were treated).
· E.g. Simulation results with more pico cells? Capacity aspect?

	Company 
	Comment

	New Postcom
	The definition of perfect eICIC and imperfect eICIC may need to be further clarified. Per our understanding, it is assumed “perfect cancellation” of the CRS from macro cell, even in the “imperfect eICIC” scenario. This clarification is important as no CRS cancellation is assumed for Rel-10 UE. The results without CRS cancellation may be useful to examine the performance.

Moreover, we see some other important aspects that are desirable to be presented for the sake of observing the whole view:

a)     In order to capture a more confident observation, it is desirable to capture the results with relative performance metrics, i.e. the handover failure rate. Although the number of HOF/RLF seems to be higher than that in macro only network, the total number of handover is also increased in the HetNet, thus it may not be able to directly compare the performance between the “perfect eICIC” in HetNet and the macro only network without looking at the handover failure rate. 
b)     Secondly, it may not be sufficient to only capture results of one pico cell. The results of more pico cells per macro cell would be definitely beneficial to conclude the handover performance.

c)     Moreover, in addition to the RLF and HOF, the short ToS is also an important aspect of mobility performance that needs to be examined. Therefore, we add our results of the short ToS in the TP in order to provide a whole view on the mobility performance of eICIC in HetNet scenarios.

	Alcatel-Lucent
	We also agree that the assumption of perfect and imperfect eICIC should be clearly explained. 

Intel current results don’t have relative HoF% and short ToS. It would be better to have them for mobility performance evaluation. Maybe Intel could update their results with additional metrics?

We support Ericsson’s suggestion to include a note in the TR that the cost of ABS is high, in many cases ABS may not be available in HetNet. In Jeju meeting, several companies already raised the point which was captured in the Chairman’s meeting notes.

Since the simulation results to be adopted with very specific assumptions, we propose to add the following notes in the TR:

1. The imperfect ABS assumption used in the current simulation is just a special case. Other different options on ABS synchronization and CRS collision modelling are not represented by the results.

2. In current simulations, the CRS interference cancelation is not modelled

As discussed in last meeting, it is confusion to state that “imperfect ABS will make the mobility performance worse with large CRE”. In fact, it is the CRE causing the performance degradation. With the same CRE, even imperfect ABS should still improve the performance. This point should also be captured in TR.



	Renesas Mobile Europe Ltd.
	We agree that the definitions of the “perfect” and “imperfect” eICIC notation should be clarified. If possible, we would prefer to completely do away with the terms “perfect” or “imperfect”, which seem to suggest that there is a single way to make eICIC perfect, which seems a rather bold statement to us. Hence, we would prefer to align the text to talk about “ideal/non-ideal ABS coordination” instead, as that makes the case clearer. We do understand that the section in the text explaining those terms is intended to cover exactly that, and we have also made some suggestions to make that text clearer if it’s not agreeable to change the notation in the figures.
We would also like to capture some comments that are not made explicit otherwise:

· According to Intel explanation, CRS interference was not modelled at all, which leads us to think the results for the eICIC may even be better than what is assumed of the Rel-10 baseline (no CRS cancellation is assumed for the Rel-10 baseline receiver). Hence, Note3 seems a bit misleading, it might be better to say that since the throughput performance is not considered in the results, effects of CRS interference are not considered. We modified Note3 slightly to say that CRS cancellation was not explicitly modelled, which seems to be the simplest modification.
· Similarly to previous comment, the RLM modelling has been done assuming no CRS collision between macro and pico cells. The full load assumption takes care that in case of non-ideal ABS coordination, there is interference to the RLM procedure from the other macro cells. This has also been added to the case descriptions.
· The results in our paper R2-122685 were done with imperfect ABS coordination and multiple pico cells (at random locations), but the results were rather similar to the Intel ones. Further, we noted in the HO failure classification that as seen with other Hetnet mobility simulations, the pico-to-macro HOFs were the largest problem case. We agree with others that showing results from multiple sources might make the document less clear, so we think it could just be captured with a note that the eICIC results show similar trends for HOFs as do the other results: The pico-macro HOFs are still the largest problem cases, even with eICIC usage. We have added one sentence about this in the conclusions.
· The table is a bit confusing for pico placement: Intel said that they only used a single cell, but the table now captures that multiple cells were used? This seemed to be captured by the rapporteur, but I didn’t find the e-mail showing where this was stated – hence, I propose to simply state one cell was used. Perhaps Intel could clarify whether the current text is correct (since it is different from the original contribution text)
· We agree with others it would be good to capture that no DRX was used in these simulations. We have proposed wording for Note 4 to capture this assumption.

	Samsung
	We support the comment from Renesas that “the RLM modelling has been done assuming no CRS collision between macro and pico cells” for the perfect eICIC..
Since Intel has provided the results for HO failure rate and it is clear that with ideal ABS coordination the mobility performance in Hetnet is not as good as macro only network. Hence we have proposed this to be added in the conclusion. 

	Nokia/Nokia Siemens
	First, the definition of perfect eICIC and imperfect eICIC in the text proposal is still unclear to me. The use of the term “ABS patterns are synchronized” “ABS patterns are not synchronized” is unclear as to whether it refers to use of different patterns at different macros (but macros still have perfect time alignment) or if there is no time alignment among macros. Also, the term “appropriate ABS pattern coordination” in conclusion part of the text proposal is unclear to me. What is “appropriate” mean? Is this still referring the perfect and imperfect eICIC?

Regarding conclusion 1, I assume this is only true under perfect eICIC or imperfect eICIC but without CRE. I suggest the conclusion 1 clearly states those conditions.

Then, regarding conclusion 2, 2a, 2b, my understanding of the agreement shown below is to only capture the fact that HetNet mobility performance may be better under certain cases but not that eICIC is improving the performance of HetNet mobility.

=>  It can be concluded that eICIC does not have a negative effect on mobility performance and may actually perform better it in certain cases

But if we must have the conclusion as it is currently stated then we must also state explicitly what “under certain cases” are. The text under 2a and 2b does not really seem to be elaborating what “certain cases” are.

We must also clearly capture that the assumptions and conclusions are when no DRX is used. 

Lastly, I support the Samsung proposal viz. “Also in the conclusion section it would be important to note that even with perfect eICIC the mobility performance in Hetnet is not as good as macro only network”

	Renesas Mobile Europe Ltd.
	After some thinking, we it might be best to just capture the following in Note 3:

NOTE 3:
In the simulations, the CRS interference from the macro cell during ABS was not modelled.

This is because based on the Intel explanation, ABS were not explicitly modelled but their effect was just removed in the interference calculation. Also, as the descriptions in the ideal and non-ideal case descriptions state, this means the CRS interference is not considered in the RLM, either. So I tend to think that the above sentence might be, strictly speaking, the most correct one. If the note just talks about RLM, there is a risk that the reader of the document may think the CRS interference was taken into account otherwise (which seemed not to be the case, according to our understanding of the Intel description).


3. Conclusion
The TP in the annex A was agreed to be captured in TR36.839. In addition, the TP in the annex B was provided with revision marks to show the process of amendments during the email discussion.

Annex A: Proposed TP on eICIC study

5.5.5
Performance with eICIC
Impact of eICIC/CRE was studied through simulations. An example set of simulation results from R2-122804 [xx] was agreed to be captured in the present technical report. Simulations results from other companies have shown similar trends and were considered to provide the same observations in terms of the eICIC/CRE impact on HetNet mobility performance.
5.5.5.1 
Simulation assumptions
The basic simulation assumption used is captured in Table 5.5.5.1-1 and Table 5.5.5.1-2, which is almost in line with the basic configuration described in Table 5.2.3-1 and Table 5.2.4-1, but some specific configuration set (e.g. ISD, Pico cell placement) was selected.

Table 5.5.5.1-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table 5.5.5.1-2: RRM/RLM configurations
	Items
	Description

	Pico cell placement
	Random placement, one per sector, as per TR 36.814

	Cell loading 
	100%

	UE speed 
	30km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	160

	A3-offset [dB]
	2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Two different ABS configurations for eICIC as described below were looked at but it is to be noted that ABS patterns were not explicitly modelled in the simulation.

Ideal ABS coordination (denoted as “perfect eICIC” in the figures):
The ABS patterns of all the macro cells are synchronized in time, i.e. the ABS from all macro cells occur at the same subframes and all the macro cells are subframe-aligned. It is assumed that a UE served by a pico cell does not observe interference from any macro cell in terms of radio link monitoring (i.e. RLM pattern is assumed to be configured and no CRS collision between macro and pico cells is assumed).

Non-ideal ABS coordination (denoted as “imperfect eICIC” in the figures):
The ABS patterns of the macro cells are not synchronized in time. The ABS from the overlay macro cell is assumed to protect a pico UE from the interference of the overlay macro cell only. Thus the radio link monitoring of the pico UE is affected by interference from all other neighbour macro cells. 
5.5.5.2  
Simulation results
Simulation results for RLF events, HOF events, HOF rates, short ToS events, and short ToS rates are shown in Figure 5.5.5.2-1, 5.5.5.2-2, 5.5.5.2-3, 5.5.5.2-4, and 5.5.5.2-5 respectively.

It can be seen that in comparison to the baseline HetNet without eICIC, the eICIC with ideal ABS coordination can improve mobility performance across different CRE bias values. The performance gain increases as CRE bias becomes larger. It has been observed (e.g. in R2-122726 [xx]) that with eICIC the reduced interference from macro cells improves the pico-to-macro handover performance due to the HO command being more reliably delivered from the source pico cell. The reduced interference also improves the macro-to-pico handover performance due to the more reliable RACH process to the target pico cell. 
The eICIC with non-ideal ABS coordination can also reduce RLF and HOF events when CRE bias is smaller. However when CRE bias is larger (i.e. 4 or 6 dB), the mobility performance becomes worse than that of the baseline HetNet without eICIC. It is considered that the performance degradation is due to increased interference from macro cells that the UEs in pico cells would experience in the CRE region with large bias.
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Figure 5.5.5.2-1: RLF events
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Figure 5.5.5.2-2: HOF events
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Figure 5.5.5.2-3: HOF rate
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Figure 5.5.5.2-4: Short ToS events
[image: image5.png]Short ToS rate

20.00%
18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%

0.00% -

Macro
only

HetNets, HetNets, HetNets, HetNets, HetNets,
w/o0 elCIC elCIC bias elCIC bias elCIC bias elCIC bias
0dB 2dB 4dB 6dB

W Perfect elCIC

W Imperfect elCIC





Figure 5.5.5.2-5: Short ToS rate
5.5.5.2
Conclusions on mobility performance with eICIC

Based on the study, the following conclusions were reached on HetNet mobility performance with eICIC.

1) eICIC (Time domain resource partitioning based on ABS) with 0dB CRE bias does not cause a negative effect on mobility performance in HetNet

2) eICIC can improve mobility performance in HetNet when ideal ABS pattern coordination among macro cells is used even with a large CRE bias (e.g. 6dB)

3) Use of a large CRE bias (e.g. 6dB) with non-ideal ABS pattern coordination among macro cells can lead to mobility performance degradation
4) Even with ideal eICIC the mobility performance in HetNet is not as good as macro only network
It has been observed in general that the reduced interference from macro cells can improve the mobility performance in HetNet. However, non ideal ABS coordination among macro cells and larger CRE bias were proven to lead to increased interference from macro cells, which in turn can result in mobility performance degradation. This tradeoff needs to be considered in attempting to improve mobility performance in HetNet. It has been observed (e.g. in R2-122268 [xx]) that when a larger CRE bias value along with eICIC is applied, the total number of handovers increases accordingly with the handovers between macro and pico cells being the dominant handover types in HetNet deployment. It has also been observed (e.g. in R2-122685 [xx]) that even with eICIC and CRE, the pico-macro handover failures dominate the HOF results, i.e. the same phenomenon as observed for non-CRE and non-eICIC Hetnet mobility are observed.
NOTE 1:
The non-ideal ABS coordination assumption used in the current simulation is just a special case. Other different cases of non-ideal ABS coordination and CRS collision modeling are not represented by the results.
NOTE 2:
The simulation has been focused on mobility performance, with simplification on the modeling of load and PDCCH transmission/reception. The impact of the number of UE in the system does not get reflected in the amount of control resource required to send their PDCCH. For example, the blocking issue of PDCCH transmission is not examined with respect to the amount of ABS allocated in the simulation. In addition, the loss of throughput due to the use of ABS is not modeled either, for example 0dB CRE would result in capacity loss at macro without pico offloading gain.

NOTE 3:
In the simulations, the CRS interference from the macro cells during ABS was not modeled.
NOTE 4:
DRX was not used in these simulations.
Annex B: Proposed TP on eICIC study
5.5.5
Performance with eICIC
Impact of eICIC/CRE was studied through simulations. An example set of simulation 
results from R2-122804 [xx] was agreed to be captured in the present technical report. Simulations results from other companies have shown similar trends and were considered to provide the same observations in terms of the eICIC/CRE impact on HetNet mobility performance.

5.5.5.1 
Simulation assumptions
The basic simulation assumption used is captured in Table 5.5.5.1-1 and Table 5.5.5.1-2, which is almost in line with the basic configuration described in Table 5.2.3-1 and Table 5.2.4-1, but some specific configuration set (e.g. ISD, Pico cell placement) was selected.

Table 5.5.5.1-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table 5.5.5.1-2: RRM/RLM configurations
	Items
	Description

	Pico cell placement
	Random placement, one per sector, as per TR 36.814

	Cell loading 
	100%

	UE speed 
	30km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	160

	A3-offset [dB]
	2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Two different ABS configurations for eICIC  as described below were looked at but it is to be noted that ABS patterns were not explicitly modelled in the simulation.

Ideal ABS coordination (denoted as “perfect eICIC” in the figures):
The ABS patterns of all the macro cells are synchronized in time, i.e. 
the ABS from all macro cells occur at the same subframes and all the macro cells are subframe-aligned. It is assumed that a UE served by a pico cell does not observe interference from any macro cell in terms of radio link monitoring (i.e. RLM pattern is assumed to be configured and no CRS collision between macro and pico cells is assumed).
Non-ideal ABS coordination (denoted as “imperfect eICIC” in the figures):
The ABS patterns of the macro cells are not synchronized in time. 
The ABS from the overlay macro cell is assumed to protect a pico UE from the interference of the overlay macro cell only. Thus the radio link monitoring of the pico UE is affected by interference from all other neighbour macro cells. 
5.5.5.2  
Simulation results
Simulation results for RLF events, HOF events, HOF rates, short ToS events, and short ToS rates are shown in Figure 5.5.5.2-1, 5.5.5.2-2, 5.5.5.2-3, 5.5.5.2-4, and 5.5.5.2-5 respectively.
It can be seen that in comparison to the baseline HetNet without eICIC, the eICIC with ideal ABS coordination can improve mobility performance across different CRE bias values. The performance gain increases as CRE bias becomes larger. It has been observed (e.g. in R2-122726 [xx]) that with eICIC the reduced interference from macro cells improves the pico-to-macro handover performance due to the HO command being more reliably delivered from the source pico cell. The reduced interference also improves the macro-to-pico handover performance due to the more reliable RACH process to the target pico cell. 
The eICIC with non-ideal ABS coordination can also reduce RLF and HOF events when CRE bias is smaller. However when CRE bias is larger (i.e. 4 or 6 dB), the mobility performance becomes worse than that of the baseline HetNet without eICIC. It is considered that the performance degradation is due to increased interference from macro cells that the UEs in pico cells would experience in the CRE region with large bias.
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Figure 5.5.5.2-1: RLF events

[image: image7.png]HOF/UE/s

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0

i

w/0 elCIC elCIC bias elCIC bias elCIC bias elCIC bias

m Perfect elCIC

W Imperfect elCIC





Figure 5.5.5.2-2: HOF events
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Figure 5.5.5.2-3: HOF rate
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Figure 5.5.5.2-4: Short ToS events
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Figure 5.5.5.2-5: Short ToS rate
5.5.5.2
Conclusions on mobility performance with eICIC
Based on the study, the following conclusions were reached on HetNet mobility performance with eICIC.
5) eICIC (Time domain resource partitioning based on ABS) with 0dB CRE bias 
does not cause a negative effect on mobility performance in HetNet
6) eICIC can improve mobility performance in HetNet when ideal ABS pattern coordination among macro cells is used even with a large CRE bias (e.g. 6dB)
7) 
8) 

9) Use of a large CRE bias (e.g. 6dB) with non-ideal ABS pattern coordination among macro cells can lead to mobility performance degradation
10) Even with ideal eICIC the mobility performance in HetNet is not as good as macro only network

It has been observed in general that the reduced interference from macro cells can improve the mobility performance in HetNet. However, non ideal ABS coordination among macro cells and larger CRE bias were proven to lead to increased interference from macro cells, which in turn can result in mobility performance degradation. This tradeoff needs to be considered in attempting to improve mobility performance in HetNet. It has been observed (e.g. in R2-122268 [xx]) that when a larger CRE bias value along with eICIC is applied, the total number of handovers increases accordingly with the handovers between macro and pico cells being the dominant handover types in HetNet deployment. It has also been observed (e.g. in R2-122685 [xx]) that even with eICIC and CRE, the pico-macro handover failures dominate the HOF results, i.e. the same phenomenon as observed for non-CRE and non-eICIC Hetnet mobility are observed.
NOTE 1:
The non-ideal ABS coordination assumption used in the current simulation is just a special case. Other different cases of non-ideal ABS coordination and CRS collision modeling are not represented by the results.
NOTE 2:
The simulation has been focused on mobility performance, with simplification on the modeling of load and PDCCH transmission/reception. The impact of the number of UE in the system does not get reflected in the amount of control resource required to send their PDCCH. For example, the blocking issue of PDCCH transmission is not examined with respect to the amount of ABS allocated in the simulation. In addition, the loss of throughput due to the use of ABS is not modeled either, for example 0dB CRE would result in capacity loss at macro without pico offloading gain.
NOTE 3:
In the simulations, the CRS interference from the macro cells during ABS was not modeled.

NOTE 4:
DRX was not used in these simulations.
�I wonder if this implies that the UE in the simulation used an advanced interference cancellation receiver then? Maybe it is better not to add this part of the note.


�But this is same as conclusion 1 but stating in an opposite way. So in my opinion this can be deleted completely.


�“Exemplary” typically means something that really is the best of the class and should be emulated by all others. While we agree the results are good, we have suggested a bit more neutral wording, which we think was the original intention.


�If the simulation assumptions and configurations are the same as for the calibration then we don’t need to copy the tables again. Just state the assumptions are the same as calibration.


�This is different to the Intel paper - should be clarified what is the right configuration used in the below results-


�To me this part of the text is not necessary since we seem to explicitly define what ideal ABS coordination is. I suggest to delete this part.


�Same as above. Delete it.


�I see from the results that for 2dB CRE already the trend is a degradation of mobility performance and is not much different from the baseline scenario for the non-ideal ABS pattern coordination case. So I think we should not include the 2dB CRE here. With my proposed change it should cover both idea and non-ideal ABS coordination.


�But this is same as conclusion 1 but stating in an opposite way. So in my opinion this can be deleted completely.


�Only reformatted the text here.


�I wonder if this implies that the UE in the simulation used an advanced interference cancellation receiver then? Maybe it is better not to add this part of the note.
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