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1
Introduction
In this contribution, we summarize the RAN 4 requirements defined for eICIC in Rel-10 [1] and contrast them to the areas identified for UE performance requirements as described in the Rel-11 eICIC WID “e2ICIC” [2]. 
We identify the areas for which performance requirements are not defined for Rel-10 but which are given by the Rel-11 WID and evaluate the performance benefits in those scenarios.
2
RAN 4 requirements for Rel-10 eICIC
Enhanced inter-cell interference coordination (eICIC) techniques adopted in Rel-10 to address heterogeneous network deployments relies on the utilization of almost blank subframes (ABS). 
ABSs are introduced to minimize dominant interference created by the cell bias, where the UE is associated with the strongest cell. 
There are two types of ABS: non-MBSFN and MBSFN. The first type is obtained from a regular subframe, where (for 2 Tx antennas) CRS is present in OFDM symbols 0, 4, 7 and 11. The second type is a subframe intended to carry eMBMS service that can be utilized to carry unicast traffic as well, and contains CRS only in OFDM symbol 0 (for 2 TX antennas). 

These two subframe types as they appear at the UE receiver from transmissions from a neighboring cell are illustrated in Figure 1 for one resource block.

[image: image1.emf]Slot

Subframe

R

e

s

o

u

r

c

e

 

b

l

o

c

k

Empty PDCCH/PHICH/PCFIC resource element (subcarrier)

Empty PDSCH resource element (subcarrier)

RS antenna port 1 resource element (subcarrier)

RS antenna port 2 resource element (subcarrier)

Slot

Subframe

R

e

s

o

u

r

c

e

 

b

l

o

c

k

a) Non-MBSFN ABS

b) MBSFN ABS


Figure 1: Illustration of a) non-MBSFN ABS and b) MBSFN ABS.

There are four possible scenarios of interest when ABS subframes are utilized, and they differ in terms of location of CRS resource elements and utilization of MBSFN subframes. 
In [1], RAN4 concluded that for RRM and RLM performance requirements the following guideline should be followed in addition to the default non-MBSFN-ABS and non-colliding RS configuration:

· Generic requirements are same for non-MBSFN-ABS and MBSFN-ABS 

· For link level performance
· Colliding CRS is precluded for non-MBSFN-ABS 

· Colliding CRS in ABS+MBSFN is to be investigated 
Subsequently, RRM and RLM simulation campaigns have excluded the configuration of colliding CRS with non-MBSFN-ABS.
The status of RAN 4 requirements for Rel-10 eICIC is shown in Table 1, while the four scenarios are illustrated in Figure 2 and Figure 3 for non-colliding and colliding CRS scenarios, respectively.
Table 1: RAN 4 consensus on defining requirements for Rel-10 eICIC
	Subframe type/CRS
	Non-colliding 
	Colliding 

	Non-MBSFN
	Yes
	No 

	MBSFN
	Yes
	Yes
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Figure 2: Illustration for non-colliding CRS scenario for non-MBSFN and MBSFN ABS subframes.
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Figure 3: Illustration for colliding CRS scenario for non-MBSFN and MBSFN ABS subframes.

RAN 4 requirements are not defined for colliding CRS scenario when non-MBSFN ABS subframes are utilized due to the fact that for Rel-10 eICIC, Rel-8 receiver implementation is assumed for demodulation. However, this scenario is described in the Rel-11 eICIC WID and, therefore, we propose to indicate RAN4 that performance requirements for this case need to be addressed as part of Rel-11.

Proposal: Indicate RAN4 that performance requirements for colliding CRS scenario when non-MBSFN ABS subframes are utilized in the neighbouring cell are to be defined for Rel-11 eICIC. 

Defining RAN4 requirements for the colliding CRS scenario with non-MBSFN subframes has performance benefits in terms of system throughput gain. We illustrate the gain in Section 3.
3 
System performance 
In this section, we evaluate system performance with cell range expansion (CRE), where in one scenario CRE applies only among cells with non-colliding CRS and in the other scenario where CRE applies among any cells, colliding and non-colliding CRS. CRS interference cancellation, as well as interference cancellation for the acquisitions signals and PBCH is assumed for all cases where CRE is employed. 
3.1 
Simulations assumptions 

In these simulations, we assume that the CRS planning is first performed for macro network, where CRS offset reuse of 3 (2 Tx antenna case) is utilized among macro cells (3 co-located cells have different offsets). CRS offset for a pico cell is selected in such a way so that collision with 2 strongest macro cells is avoided. Two scenarios are compared. The first scenario assumes that CRE into a neighbouring cell with the same CRS offset as the serving cell (colliding CRS case) is allowed. The second scenario assumes that it is not (only non-colliding allowed).  

We consider the following deployment scenarios with 2x2 antenna configuration and a 10MHz system bandwidth.

· Co-channel deployment without resource partitioning (RP), where there is no interference management and serving cell selection is based on 

· Best RSRP 

· Biased RSRP, with pico cell bias values of 3dB.
· CRE with local RP: Co-channel deployment where increased footprint for low power nodes is enabled and combined with enhanced interference management via resource partitioning among cells. Partitioning of resources is coordinated only between a single macro cell and picos in its coverage. The resource partitioning is:

· Semi-static: fixed over the entire simulation time, based on estimated long-term statistics of user association. 

For the resource partitioning case, the serving cell for each UE is first determined based on the best DL RSRP with a fixed bias towards the hotzone (low power) cells. A range of bias values is considered from 9 dB until 18 dB. In addition, the serving cell is guaranteed to have a geometry -18dB or higher. Therefore, if after applying the bias, UE geometry is below – 18 dB, UE remains associated with a macro eNB. Once the serving cell is selected, it is fixed and no longer changed. After that, resource partitioning algorithm is performed to coordinate inter-cell interference as described above.

In this contribution, the consider configurations  #1, and 4b [3]. Both the UEs and the hotzone cells are randomly dropped. The density of the hotzone (pico) cells is 4 hotzones/macro cell for. Other assumptions of interest:

· Scheduling: Focus on proportional fair (PF) scheduling.  

· Vertical Antenna: Vertical antenna as defined in the Appendix of TR 36.814 [3] is enabled, where the electrical antenna downtilt 
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 = 10 degrees, which we believe better reflect realistic deployments.

· Channel Model: NLOS based path loss modelling is considered.
3.2
Simulations results
Table 2 and Table 3 illustrate the association statistics for the two scenarios for configuration 1 and 4b, respectively. In both cases, it appears that approximately 9 dB larger bias values are need to achieve the same UE association with pico eNB, if CRE can not be applied among cells with colliding CRS. 
Table 2: Association statistics for configuration 1 (4 picos per macro cell).

	Cfg 1 
	Bias
	                     Full CRE
%Pico UEs                %CRE UEs 
	              CRE  for  non-colliding only
%Pico UEs                            %CRE UEs 

	Local RP
	9dB
	32%
	20%
	24%
	12%

	
	12dB
	42%
	30%
	28%
	16%

	
	15dB
	52%
	40%
	30%
	18%

	
	18dB
	57%
	45%
	32%
	20%

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Table 3: Association statistics for configuration 4b (4 picos per macro cell).

	Cfg 4b
	Bias
	                     Full CRE
%Pico UEs                  %CRE UEs  
	              CRE for non-colliding only
%Pico UEs                             %CRE UEs  

	Local RP
	9dB
	59%
	27%
	52%
	20%

	
	12dB
	68%
	36%
	56%
	24%

	
	15dB
	76%
	44%
	60%
	28%

	
	18dB
	80%
	48%
	62%
	30%

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Table 4 and Table 5, show the system throughout results for the configurations 1 and 4b, respectively. 
As it can be seen from the results, global bias significantly outperforms non-colliding CRS only bias, for both same bias values and same association statistics. 
For example, comparing system simulations results for configuration 1 in Table 4, we note that for 18 dB bias, global bias provides about 45% gain at the median compared to non-colliding only bias (86% vs 27% gain relative to the co-channel baseline). 
The gain of global bias is about 38% at cell edge (61% vs 16% gain compared to co-channel baseline). Note that global bias outperforms non-colliding CRS only bias, even when association statistics are matched.
 For example, 18 dB bias for the non-colliding CRS case results in the same fraction of UEs associated with pico eNBs (32%) as it is the case for 9 dB bias and global biasing. But, even with a lower bias value, the performance of the global bias scheme is better than the non-colliding bias (30% improvement relative to co-channel baseline vs 16% on the cell edge and 35% improvement relative to co-channel baseline vs 27% at the median).
Table 4: System throughput for configuration 1 (4 picos per macro cell).

	Cfg 1
	Bias
	%Pico UEs
	%CRE UEs
	Edge
	Median

	Macro-only
	0dB
	N/A
	0%
	0.414
	0.757

	Co-channel (baseline)
	0dB
	12%
	0%
	0.446
	0.912

	Co-channel
	3dB
	17%
	5%
	0.482(+8%)
	1.007(+10%)

	Local RP

(non-colliding only bias)
	9dB
	24%
	12%
	0.481(+8%)
	1.048(+15%)

	
	12dB
	28%
	16%
	0.502(+13%)
	1.096(+20%)

	
	15dB
	30%
	18%
	0.512(+15%)
	1.148(+26%)

	
	18dB
	32%
	20%
	0.518(+16%)
	1.162(+27%)

	Local RP

(global bias)
	9dB
	32%
	20%
	0.579(+30%)
	1.235(+35%)

	
	12dB
	42%
	30%
	0.641(+44%)
	1.444(+58%)

	
	15dB
	52%
	40%
	0.687(+54%)
	1.615(+77%)

	
	18dB
	57%
	45%
	0.717(+61%)
	1.695(+86%)


Table 5: System throughput for configuration 4b (4 picos per macro cell).

	Cfg 4b
	Bias
	%Pico UEs
	%CRE UEs
	Edge
	Median

	Macro-only
	0dB
	N/A
	0%
	0.347
	0.620

	Co-channel (baseline)
	0dB
	32%
	0%
	0.463
	1.141

	Co-channel
	3dB
	41%
	9%
	0.570(+23%)
	1.501(+32%)

	Local RP

(non-colliding only bias)
	9dB
	52%
	20%
	0.603(+30%)
	1.876(+64%)

	
	12dB
	56%
	24%
	0.609(+31%)
	2.035(+78%)

	
	15dB
	60%
	28%
	0.644(+39%)
	2.153(+89%)

	
	18dB
	62%
	30%
	0.648(+40%)
	2.208(+93%)

	Local RP

(global bias)
	9dB
	59%
	27%
	0.763(+65%)
	2.114(+85%)

	
	12dB
	68%
	36%
	0.935(+102%)
	2.432(+113%)

	
	15dB
	76%
	44%
	1.018(+120%)
	2.692(+136%)

	
	18dB
	80%
	48%
	1.041(+125%)
	2.800(+145%)


4 
Conclusions

In this contribution, we note that RAN4 requirements for non-MBSFN ABS and colliding CRS case are not defined in Rel-10. The RAN4 requirements are defined for all other scenarios. 
Non-MBSFN ABS for colliding CRS scenario is part of the Rel-11 E2ICIC WID and we illustrated with system simulations that the ability to handle colliding CRS can provide significant performance gains and, therefore, we recommend indicating RAN4 that requirements should be defined for this case in Rel-11.

Proposal: Indicate RAN4 to define requirements for colliding CRS scenario when non-MBSFN ABS subframes are utilized in the neighbouring cell for Rel-11 eICIC. 

References

[1] R4-110543, “Agreements in eICIC Ad Hoc Sessions at RAN4 #57AH”, RAN4#57AH, January 2011.

[2] RP-110420, “E2ICIC WID, March 2011. 
[3] 3GPP TR 36.814, “E-UTRA; Further advancements for E-UTRA Physical layer aspects”, March 2010.



















































PAGE  
1/9

_1374693785.vsd
Slot


Subframe


Resource block


Slot


Subframe


Resource block


Control resource element (subcarrier)


Empty resource element (subcarrier)


RS antenna port 1 resource element (subcarrier)


RS antenna port 2 resource element (subcarrier)


Non-MBSFN ABS (interfering cell)


MBSFN ABS (interfering cell)


Slot


Subframe


Regular subframe (serving cell)


Slot


Subframe


Regular subframe (serving cell)


PDSCH resource element (subcarrier)


PDCCH/PHICH/PCFICH resource element (subcarrier)



_1374693892.vsd
Slot


Subframe


Resource block


Empty PDCCH/PHICH/PCFIC resource element (subcarrier)


Empty PDSCH resource element (subcarrier)


RS antenna port 1 resource element (subcarrier)


RS antenna port 2 resource element (subcarrier)


Slot


Subframe


Resource block


a) Non-MBSFN ABS


b) MBSFN ABS



_1374694579.unknown

_1374693709.vsd
Slot


Subframe


Resource block


Slot


Subframe


Regular subframe (serving cell)


Slot


Subframe


Resource block


Control resource element (subcarrier)


Empty resource element (subcarrier)


RS antenna port 1 resource element (subcarrier)


RS antenna port 2 resource element (subcarrier)


Non-MBSFN ABS (interfering cell)


MBSFN ABS (interfering cell)


Slot


Subframe


Regular subframe (serving cell)


PDSCH resource element (subcarrier)


PDCCH/PHICH/PCFICH resource element (subcarrier)



