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1
Introduction
After Rel’10 eICIC was finalised (see [1], [2]), a new WI for Rel’11 eICIC [3] was opened in RAN#51. The goal of the WI is to consider e.g. possible further scenarios for eICIC. We discuss some possible Rel’11 scenario candidates for RAN1 work in this contribution.
2
Rel’10 Scenarios 
For Rel’10, the work focused on two scenarios: Macro-Pico and Macro-Femto. As background, we present an overview of the studies done for these.
3.1
Macro-Pico 

In the macro-pico scenario, it was assumed that each pico cell is X2-connected to a macro cell, i.e. the macro cell is aware of the pico cell and can coordinate the eICIC configuration with it, i.e. the macro eNB has control over the eICIC configuration being used.

The macro-pico scenario was extensively discussed during Rel’10, with few open items left for Rel’11. The only bigger issue left was the use of inter-frequency eICIC: Should the pico cell be operating on a different frequency, eICIC cannot be used. This may be relevant in the following case:

· Macro cell is operating on two (e.g. intra-band adjacent) carriers: f1 and f2

· Pico cells are operating on one carrier: f1

Now, assuming UE is utilizing carrier f2, the pico cell would be an inter-frequency neighbour, and eICIC measurements cannot be applied for such cells in Rel’10. This might prevent offloading to the pico cell with large CRE.
3.2
Macro-Femto 

In macro-femto scenario, the femtos need not be coordinated with the macro cell, and it is assumed eICIC configuration is done by OAM. Hence, the configuration is more static compared to the macro-pico case.

In contrast to the macro-pico scenario, the femto cell is utilizing the muting and macro is not. Hence, since obviously the impacts of the muting are limited to a smaller group of users, it is easier to have a larger muting ratio than otherwise. For example, the during the Rel’10 RAN4 discussions, muting ratios of up to 2/8 (i.e. 25%) have been discussed. 

Femto cells have not been assumed to occur in scenarios where there are picos present in Rel’10. For Rel’11, it would be natural to consider also such cases.
3.3
RAN1 work during Rel’10 
The RAN1 conclusions during RAN1#62bis [5] ended with agreement that “CRE gives gains at least for low to moderate cell association bias values”, and the group was split over the usefulness of large bias values (“In the absence of CRS interference, studies are split on usefulness of large bias values”). In the way forward document, it was stated that CRE enablers were not to be the main focus of Rel’10 work.

For Rel’11, it would hence be natural to consider also extending the possible CRE bias studies. Especially CRS interference was not fully taken into account, so considering the effects of that in system level simulations could improve the evaluation of the eICIC performance.
3
Possible Rel’11 Scenarios for eICIC
We consider two example scenarios for eICIC: Both were briefly considered in Rel’10 as well, but no definite analysis was provided. We aim to consider the basic issues in the two scenarios in light of the features already available in Rel’10 eICIC, to consider whether enhancements would be needed for these scenarios.
3.1
Macro-Pico-Femto 
The combined macro-pico-femto scenario was briefly mentioned during Rel’10, but was eventually de-prioritized out of the scope of the work in favor of the simpler Macro-Pico and Macro-Femto scenarios. However, as a natural extension to the said two basic eICIC use cases, it is a prime candidate for Rel’11 eICIC studies 

Since femto cells are assumed to be uncoordinated, it could well occur that femto cells appear in configurations where pico cells are also present. If the femto cells would appear close to pico CRE area, there could be UEs who are attached to picos due to CRE but are close to a femto cell, leading to situations where both Macro ABS and femto ABS should be used for scheduling the pico users. This would require that the ABS of femto and macro are (at least partly) overlapping.
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Figure 1. Example of Macro-Pico-Femto Scenario

Figure 1 shows an example of macro-pico-femto scenario. Considering the need for ABS, we can deduce the following:

· Macro cell: ABS used to protect pico (or femto) CRE users. Such users would use the ABS for both serving (pico) cell RLM/RRM and neighbour (macro/pico/femto) cell RRM measurements

· Femto cell: ABS used to protect macro/pico users within the femto coverage. Such users would use ABS for (at least) serving cell measurements. Additionally, 

· Pico cell: ABS could be used to protect femto users doing handovers: The pico cell signal might be strong close to the femto border. However, even if ABS is not used, the end result would likely be an additional handover from femto1 to pico to femto2. Hence, No ABS needed, unless femto CRE is to be supported. In such a case, pico ABS might be needed. However, given that femto cells would typically be well-isolated from pico cells (e.g. due to being inside apartments, no LOS to pico cell but walls between femto and pico)

Observation 1: Pico ABS do not seem necessary for the macro-pico-femto scenario.

However, there is a conundrum for the ABS patterns of femto and macro: Should they overlap, fully, partially or not at all? Given that pico CRE might be very large, it’s conceivable that this kind of scenario could occur. We make the following observations:
· Macro ABS shouldn’t overlap fully with femto ABS: Otherwise, macro users within femto cell could not be scheduled!

· Pico CRE users might face heavy interference from the femto cell: In such a case, the serving (pico) cell RLM measurements should follow the interfering macro cell, but since they should also follow femto cell ABS, there should be at least partial overlap, otherwise there is no interference-free zone.
· Assuming the macro and pico CRS are not colliding, 

Observation 2: Femto and macro ABS should overlap (at least partially) to allow macro and pico CRE users close to a femto cell function.
Hence, it would appear that the macro-pico-femto scenario can be operated with just Rel’10 basic eICIC patterns (even if perhaps not in an optimal fashion).

3.2
Scell eICIC 
Since eICIC is only used for PCell measurements in CA, there could be cases where the PCell carrier does not have a pico/femto deployment and needs not eICIC, but a configured Scell carrier does utilize eICIC due to pico/femto deployment. Figure 2 shows a simple schematic of a possible scenario with pico and femto deployment on the SCell carrier.
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Figure 2. Example of CA Scenario 3 with pico+femto deployment on Scell
Due to the nature of the CA scenario, we can easily make the following observations of eICIC at Scell:

· Extending eICIC configuration would require extending signalling of all eICIC patterns

· In case of Macro-Pico scenario with CA, not using eICIC would prevent SCell pico CRE. However, this would not affect PCell, and given that the UE would have to make a handover to the pico cell from CA situation, the situation for the user could actually become worse than if it had stayed with macro CA.

· DRX follows PCell; should eICIC be configured for SCell, there could be power consumption impacts. See [4] for some considerations of joint usage of DRX and eICIC 

· Assuming Scell is deactivated, eICIC could increase power consumption due to Scell being used for measurements more regularly than otherwise.

· In case of Macro-Femto with femto on the Scell frequency, the Scell would start to fail without eICIC. However, no RLF would be declared since only PCell can trigger RLF. Hence, as per normal SCell handling, it is up to the network to realise that SCell is failing and deactivate it.

Observation 3: Even if eICIC is not used in SCell, there should be no additional RLFs due to e.g. UE closing in on femto cell coverage.

Observation 4: If Scell has pico deployment and eICIC is not used, CRE could not be used. However, UE performance might not be affected since UE might get better service via CA than via pico offloading.

Hence, there wouldn’t appear to be a fully convincing reason for enabling eICIC for SCells, but the gains possible from pico offloading compared to macro CA could be investigated better.
3.3
Macro-Pico with large CRE
One clear scenario for Rel’11 investigations is the plain macro-pico case, just with large CRE (i.e. larger than the e.g. 6 dB that was typically considered during Rel’10). For this purpose, impact of CRE (0, 6, 12 and 18 dB) to system level performance of 4x2 R10 SU-MIMO with full buffer traffic was analyzed for Configuration 4b with varying number of pico cells (see Appendix A for more detailed simulation assumptions). The results are summarised below in Table 1 (pico 5%/50% user throughput without muting), Table 2 (macro 5%/50% user throughput without muting), Table 3 (pico user throughput with 50% muting), Table 4 (macro user throughput with 50% muting) and Table 5 (comparison of pico, macro and cell area throughputs with/without muting).
Note: that these results are for ideal muting: The effect of the CRS remaining in the ABS is not considered, i.e. ABS are not causing any interference to the victim cell.
Table 1. Scenario 4b: Pico user throughput for CRE = 0, 6, 12, 18 dB, without muting  
	CRE [dB]
	X = number of Pico cells / macro cell area
	5% throughput [Mbps]
	50% throughput [Mbps]
	Percentage of Pico UEs [%]
	Percentage of pico CRE UEs [%]

	0
	1
	0.607
	2.706
	58.7
	0

	6
	1
	0.217
	2.240
	66.2
	7.5

	12
	1
	0.056
	1.617
	74.4
	15.7

	18
	1
	0.000
	1.294
	80.9
	22.2

	0
	4
	1.453
	5.376
	69.3
	0

	6
	4
	0.826
	3.872
	78.6
	9.3

	12
	4
	0.416
	3.472
	84.6
	15.3

	18
	4
	0.000
	2.931
	91.3
	22

	0
	10
	2.507
	7.680
	79.1
	0

	6
	10
	1.757
	6.517
	85.2
	6.1

	12
	10
	0.727
	5.744
	92.9
	13.8

	18
	10
	0.210
	5.619
	96.7
	17.6


Looking at the results in Table 1, we see that without muting, CRE really only hurts the pico user throughput. This is the expected result as the pico CRE users will be suffering from heavy interference when connected to the pico cell Additionally, the amount of pico users is increasing  (up to ~97% with 10 pico cells + 18 dB CRE!), which means that the schedulable resources per user are also diminishing. The more pico cells there are, the better throughput the pico users get, for the same reason: There are more scheduling opportunities for the pico users, i.e. the load/pico cell is lower, which compensates the negative effect from the increased pico cell interference. 
Table 2. Scenario 4b: Macro user throughput for CRE = 0, 6, 12, 18 dB, without muting 
	CRE [dB]
	X = number of Pico cells / macro cell area
	5% throughput [Mbps]
	50% throughput [Mbps]
	Percentage of  Macro UEs [%]

	0
	1
	0.501
	1.691
	41.3

	6
	1
	0.791
	2.496
	33.8

	12
	1
	0.965
	3.328
	25.6

	18
	1
	1.267
	4.752
	19.1

	0
	4
	0.669
	2.061
	30.7

	6
	4
	1.322
	3.888
	21.4

	12
	4
	1.978
	6.432
	15.4

	18
	4
	2.861
	10.048
	8.7

	0
	10
	1.007
	3.168
	20.9

	6
	10
	1.871
	5.152
	14.8

	12
	10
	4.787
	11.840
	7.1

	18
	10
	5.216
	19.456
	3.3


The results in Table 2 show the macro user throughput for the CRE cases: As the amount of pico cells or CRE increases, there are fewer users in the macro cells, which causes the remaining macro users to have very good user throughput. This is occurring because of the full buffer traffic model (i.e. the macro cell is always able to schedule all of its PRBs for some user). However, as is visible already from the pico results, due to the hotspot model, the macro cells may have very few users in the end, esepcially with CRE
Table 3. Scenario 4b: Pico user throughput for CRE = 0, 6, 12, 18 dB, with 4/8 muting pattern

	CRE [dB]
	X = number of Pico cells / macro cell area
	5% throughput [Mbps]
	50% throughput [Mbps]
	Percentage of pico UEs [%]
	Percentage of pico CRE UEs [%]

	0
	1
	2.355
	2.958
	58.7
	0

	6
	1
	1.872
	2.679
	66.2
	7.5

	12
	1
	1.363
	2.343
	74.4
	15.7

	18
	1
	0.922
	2.175
	80.9
	22.2

	0
	4
	1.641
	8.000
	69.3
	0

	6
	4
	1.372
	6.544
	78.6
	9.3

	12
	4
	1.299
	6.192
	84.6
	15.3

	18
	4
	1.153
	5.368
	91.3
	22

	0
	10
	2.854
	9.408
	79.1
	0

	6
	10
	2.577
	8.459
	85.2
	6.1

	12
	10
	2.109
	7.776
	92.9
	13.8

	18
	10
	1.915
	7.275
	96.7
	17.6


Now, observing the results in Table 3 (i.e. pico throughput results with muting + CRE), we see clearly better performance when comparing the corresponding results between Table 1 and Table 3. However, perhaps surprisingly, when comparing the “0 dB CRE with muting” case against “x dB CRE with muting” case, we see that actually the CRE 0 dB case always outperforms the positive CRE cases. This is because again, as the pico cells gain more users with increased CRE, the user performance naturally drops somewhat (i.e. the same amount of resources are divided with increased amount of users). Furthermore, in terms of received signal quality CRE users are weaker than the users in the same pico cell on average, which also contributes to the loss in user-wise spectral efficiency numbers.
Figure 3. Pico user throughput with no muting and with 4/8 muting pattern


[image: image3]
Table 4. Scenario 4b: Macro user throughput for CRE = 0, 6, 12, 18 dB, with 4/8 muting pattern

	CRE [dB]
	X = number of Pico cells / macro cell area
	5% throughput [Mbps]
	50% throughput [Mbps]
	Percentage of  Macro UEs [%]

	0
	1
	0.228
	0.848
	41.3

	6
	1
	0.360
	1.216
	33.8

	12
	1
	0.484
	1.719
	25.6

	18
	1
	0.582
	2.432
	19.1

	0
	4
	0.290
	1.018
	30.7

	6
	4
	0.597
	1.952
	21.4

	12
	4
	0.957
	3.320
	15.4

	18
	4
	1.453
	5.184
	8.7

	0
	10
	0.484
	1.690
	20.9

	6
	10
	1.013
	2.648
	14.8

	12
	10
	1.907
	6.144
	7.1

	18
	10
	2.432
	9.888
	3.3


Table 4shows the results for the macro cell in case CRE is used on conjucntion with muting: Since 50% of macro resources are taken away for the cases with muting, the expected result would be that macro throughput suffers. However, given that the percentage of users in macro cells is at most ~40% and since CRE causes less users to be connected to macros, we see that in all cases, the CRE is actually increasing user throughput performance for macro This is again partly due to the full buffer traffic model, but also happening because the pico CRE also draws away some macro cell edge users with poor throughput performance. This was also seen in the results without muting, but here the gains are less because the macro cell muting pattern also reduces the macro cell scheduling resources.
Figure 4. Macro user throughput with no muting and with 4/8 muting pattern
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The previous considerations were about user performance. However, it is equally important to study the cell performance, e.g. cell throughput behavior as a function of the CRE and amount of pico cells.

Table 5. Scenario 4b: Cell throughputs for pico and macro cells. CRE = 0, 6, 12, 18 dB. Cases both without muting (i.e. 0/8 muting pattern) and with 4/8 muting pattern

	CRE [dB]
	X = number of Pico cells / macro cell area
	Muting pattern usage

	
	
	No muting
	4/8 muting pattern
	No muting
	4/8 muting pattern
	No muting
	4/8 muting pattern

	
	
	Avg Pico Cell Throughput [Mbps]
	Avg Macro Cell Throughput [Mbps]
	Sum of Avg X*Pico+Macro cell Throughput [Mbps]

	0
	1
	42.321
	54.718
	27.748
	15.282
	70.069
	70.000

	6
	1
	38.74
	53.873
	29.007
	14.977
	67.747
	68.850

	12
	1
	36.545
	53.02
	31.127
	16.012
	67.672
	69.032

	18
	1
	35.714
	52.073
	31.529
	16.164
	67.243
	68.237

	0
	4
	33.188
	42.055
	25.159
	13.007
	157.911
	181.227

	6
	4
	30.183
	40.303
	29.868
	15.347
	150.600
	176.559

	12
	4
	29.585
	40.026
	34.177
	17.495
	152.517
	177.599

	18
	4
	29.133
	39.012
	33.737
	17.169
	150.269
	173.217

	0
	10
	23.503
	27.196
	24.827
	12.710
	259.857
	284.670

	6
	10
	22.671
	26.951
	28.243
	14.332
	254.953
	283.842

	12
	10
	22.357
	27.148
	30.186
	15.412
	253.756
	286.892

	18
	10
	22.191
	26.974
	21.660
	10.951
	243.570
	280.691


Figure 5. Cell area throughput (over one macro cell), without muting and with 4/8 muting pattern
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Finally, in Table 5 and Figure 5, we consider the (average) cell throughput for pico and macro cells with and without muting. Additionally, we consider the throughput per macro cell area: Considering that a single macro cell has X (=1, 4, 10) pico cells located in its area, we can calculate the area throughput in the macro cell coverage area to be X*Avg_Pico_Cell_Tput + Avg_Macro_Cell_Tput. 

Looking the the cell throughput results, we immediately see with muting + CRE, the cell throughput remains reasonable stable compared to the no CRE case: Hence, the muting is able to mitigate the effect from the increased cell load to a reasonable degree. However, we also see that while (obviously) a “muting”-case (with fixed CRE and amount of pico cells) always overperforms the corresponding “no muting”-case. We also see that increasing the amount of picos naturally improves the area throughput (also obvious). However, it does not seem to be the case that CRE + muting would always benefit the cell throughput, either, although in some cases benefits can be obtained.
Since the RAN1 should start to study the scenarios, the large CREs could be a simple extension to Rel’10 eICIC. We have made a very simple study above of this question, and as is visible, there are several aspects to consider. For example, we consider that the following questions should be studied in RAN1 via system level simulations when considering the benefits of the large CRE:

· How much performance gain does CRE given over non-CRE, with the same muting pattern for both?

· How much performance gain does muting give over non-muting, with the same CRE for both?

· How much gain does CRE give for user throughput? 
· In the analysis of the gains from CRE we should analyse the joint impact to user coverage/average spectral efficiencies and average cell throughputs, at least.
· How is the cell throughput affected when CRE is increased?

· How sensitive are the large CREs to inter-cell interference from neighbouring picos? I.e. How much do the CRE pico UEs suffer from interference from the other picos with large CRE?

· How much does the residual CRS interference affect the performance at system level? (This was not considered during Rel’10 system level work)
Simple throughput numbers would be the starting point, but given the Rel’10 discussions, it would be good to align the comparisons and assumptions to certain cases first to have a common view of the possible gains.

Note: The results shown in this document were done with full buffer traffic model. We acknowledge that this is not a realistic traffic model for most of the cases, but as this was a simple study illustrating the possible pitfalls of analysis of the CRE/muting gains, we feel that similar observation would apply for finite buffer cases. We would consider it important to also consider finite buffer cases with the eICIC enhancements, as it is possible that the conclusions could be different for the finite buffer traffic.

4
Conclusion
We have discussed briefly the possible Rel’11 eICIC scenarios for eICIC in the RAN1 context. The presented scenarios (i.e. macro-pico-femto scenario and CA Scell with eICIC) were briefly considered. We also presented some initial simulation results for large CRE values in macro-pico case. The full buffer results presented here show that  when analysing CRE gains, some care should be taken with the comparison point.. More investigations into how the gains are split between cell and user throughput, especially for finite buffer cases, would be needed.. 
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Appendix: simulation parameters
	Parameter
	Value

	Deployment scenario
	Picos randomly dropped onto 3GPP Case1 macro-cells

	Simulated scenario
	As for deployment scenario 3 in Table A.1-1 in [6]:
ITU UMa for Macro, UMi for low power node

·  UMa
- UE speed : 3km/hr
- No outdoor in-car penetration loss
·  UMi
- Carrier Frequency : 2GHz
- 100% UE dropped outdoors

- No outdoor to indoor penetration loss
· Antenna Height: Applied for ITU UMa (Macro), ITU UMi (LPN) 

· 10m for RRH/Hotzone Node

· 25m for Macro Node

· 3D antenna tilt for calibration (for 25m) :  12 degrees 
· UE noise figure: Applicable to all the channel models 
· 9dB

· Minimum Distance: Applicable to all the channel models
· Macro – RRH/Hotzone: >75m

· Macro – UE : >35m

· RRH/Hotzone – RRH/Hotzone: >40m

· RRH/Hotzone – UE : >10m
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·  Additional Clarifications 
- ITU UMa and UMi penetration, pathloss, and shadowing generation methodology is used for Macro to UE and Pico/RRH to UE repectively

- Do not use values in TR36.814 for pathloss, penetration and shadowing


	Number of pico cell per macro base-station
	1, 4 and 10

	UE distribution within cell
	According to Configuration #1 and #4

	Traffic model
	Full Buffer

	eNB Scheduler
	Proportional fair scheduler (time and frequency scheduling)

	Carrier Frequency
	2GHz

	Fast Fading model
	ITU

	Base station antenna configuration
	4-Tx: XX; Columns with {-45,+45} deg. x-pol antennas; l/2 spacing between columns

	UE antenna configuration
	2-Tx: X with {0,90} deg. x-pol antennas


	MIMO scheme
	4x2 R10 SU-MIMO

	UE receiver
	IRC 

	Number of UEs / sector
	Configuration #4b:
Macro UEs: 10
RRH UEs = 20/5/2 per RRH for 1/4/10  RRHs

Configuration #1:
Macro UEs: 25
RRH UEs = 0 per RRH 

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	Ideal

	Reference symbol overhead
	Legacy overhead: 2Tx Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 10 ms interval

	PMI
	Wideband PMI
10 ms reporting interval
6 ms delay

	CQI
	Sub-band size 6 PRBs; 10 ms reporting interval;6 ms delay; 1 dB error and quantization

Separate CQI configured for ABS and non-ABS subframes. Scheduling decisions consider the correct CQI for the scheduled subframe.

	UE noise figure

	9 dB

	Cell range expansion
	0 dB (i.e. no CRE, reference case), 6, dB, 12 dB and 18 dB

	Muting pattern
	0/8 (i.e. no muting, reference case), 4/8 muting (i.e. 50% of macro cell subframes are ABS)
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