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Discussion
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, we made some simple ABS with non-colliding CRS + 4x2 SU-MIMO + full buffer simulations for Configuration 4b with varying number of pico cells and CRE values of 0, 6, 12 and 18 dB. The results are summarised below in Table 1-Table 4. 

Table 1. Scenario 4b: Reference cases: CRE = 0 dB without muting and ideal muting
	Muting
	CRE
	# of Pico cells
	5% throughput [Mbps]
	50% throughput [Mbps]

	Off
	0
	1
	0.576
	1.792

	Ideal
	0
	1
	1.835
	2.825

	Off
	0
	4
	1.837
	4.749

	Ideal
	0
	4
	2.650
	6.805

	Off
	0
	10
	2.571
	4.749

	Ideal
	0
	10
	2.987
	9.232


Table 2. Scenario 4b: CRE = 6, 12, 18 dB, without muting

	CRE [dB]
	# of Pico cells
	5% throughput [Mbps]
	50% throughput [Mbps]

	6
	1
	0.291
	1.517

	12
	1
	0.133
	1.307

	18
	1
	0.018
	1.187

	6
	4
	1.042
	4.073

	12
	4
	0.564
	3.597

	18
	4
	0
	3.258

	6
	10
	1.955
	6.842

	12
	10
	1.555
	6.387

	18
	10
	1.429
	6.074


Table 3. Scenario 4b: CRE = 6, 12, 18 dB, with ideal muting

	CRE [dB]
	# of Pico cells
	5% throughput [Mbps]
	50% throughput [Mbps]

	6
	1
	1.63
	2.667

	12
	1
	1.293
	2.476

	18
	1
	1.099
	2.333

	6
	4
	2.13
	6.069

	12
	4
	2.198
	5.584

	18
	4
	1.762
	5.017

	6
	10
	2.87
	7.904

	12
	10
	2.81
	7.76

	18
	10
	2.538
	7.328


Comparing the CRE cases with and without muting, we can see that CRE gives a clear gain with muting. However, when comparing cases with muting against the CRE = 0 dB, we see that the picture is not as clear: Increasing CRE does not show immediate gains. This is partly explained by how CRE works: With the same muting pattern, CRE = 0 dB has less users/pico cell than with, say, CRE = 18 dB. The larger the CRE is the more users there are connected to pico cells, so the more the cell resources are split between users. Hence, looking at just user thoughput does not give the full picture.

Since the RAN1 should start to study the scenarios, the large CREs could be a simple extension to Rel’10 eICIC. However, when studying the CRE, the following should be considered in system level simulations:

· 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?

· 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.

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. It appears that CRE can give some gains, depending on the comparison point. More investigations into how the gains are split between cell and user throughput, and more studies would be needed.
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