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1. Introduction
In RAN1#66bis Zhuhai meeting, there have been several decisions on FeICIC scenarios and the relevant agreements were summarized as following [1].
· Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference 
· Optimum bias value varies depending on the evaluation scenario

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS

· Receiver-based solutions 

· PDSCH muting as described in R1-113573 [2]
· Relation with PDCCH is studied.

·  Impact on overhead should be studied.

In this contribution, a simulation was performed based on FeICIC simulation assumption that was described in [1, 3]. In the simulation, full buffer traffic model is assumed as traffic model [4] and for Rel.10 eICIC ABS of reduced (but non-zero) transmitting power is considered. Based on simulation result, scenarios for new UE performance requirements is to be discussed. 

2. Simulation Assumption
The basic simulation assumptions of two models for FeICIC simulation [3], such as ITU model and 3GPP mode 1, were set according to the latest TR 36.819 [5] and TR 36.814 [4], respectively. Additional parameters and assumptions are summarized in Appendix.
In this evaluation, we consider co-channel deployment where 4 pico nodes are randomly and uniformly placed within each macro cell geographical area. 25 UEs per macro cell are dropped according to configuration #1 (uniform placement), and 30 UEs per macro cell according to configuration #4b (clustered placement) based on the simulation methodologies in [4].
For Rel.10 eICIC, we consider time domain static resource partitioning where macro nodes reduce the transmit power in a fraction of subframes (i.e., almost blank subframe (ABS) of reduced (but non-zero) transmit power), while RRH nodes can use their own transmit power in all subframes. When ABS of reduced transmitting power is adopted, pico-UE experiences fluctuation of interference level as a subframe-by-subframe. In this case, all subframes can be divided into two groups; one with low interference (i.e., reduced power ABS set) and the other with high interference (i.e., non-reduced power ABS set). Therefore, pico-UEs’ CQI/PMI/RI are measured and reported separately depending on the group to which each subframe belongs. In addition, macro-UEs separately perform CQI/PMI/RI measurements (i.e., resource specific CSI measurement) in the reduced power ABS set and non-reduced power ABS set considering the transmit power setting of macro nodes. More detailed discussion to specification impact of reduced power ABS is provided in [6].
In addition, cell range expansion (CRE) values in the simulation are assumed to be {0, 6, 8, 10, 12} dB. In the reduced power ABS, macro node will reduce it transmit power as much as CRE value. The full buffer traffic model described in [4] is considered as a traffic model. 

There are four simulation scenarios according to adopted schemes:
· No CRS Interference Model
· A scenario that CRS interference coming from other neighbor cells is not modeled.
· CRS Interference Model
· A scenario that CRS interference coming from other neighbor cells is modeled.
· CRS Puncturing Receiver Model
· A scenario that UE punctures the interfered resource elements (REs) in case of high CRS interference coming from other neighbor cells. Here, it is assumed that UE knows the position of interfered RE.
· CRS Rate-Matching (RM) Transmitter Model
· A scenario that serving cell skips data symbol mapping onto the interfered REs in case of high CRS interference coming from other neighbor cells.
· CRS Cancelling Receiver Model
· A scenario that UE cancels CRS interference coming from other neighbor cells. Here, it is assumed that UE knows the position of interfered RE.
In addition, in order to model CRS interference, 3 sectors of macro eNB were assigned 0, 1, and 2 of Cell ID modulo 3, respectively, while pico eNB was assigned a random value among {0, 1, 2}. Here, Cell ID is a value that influences on Vshift, which determines location of the axis of frequency of CRS.
In CRS puncturing receiver model and CRS RM transmitter model, UE and serving cell perform puncturing and RM operation, respectively, only in a case that Cell ID modulo 3 is different between serving cell and neighbor cell, and a difference between the average received power from neighbor cell and the one from serving cell greater than pre-determined threshold as well. The value of threshold in the simulation is assumed to be 2dB.
And in CRS cancelling receiver model, it is assumed that partial power of pre-determined proportion from the entire power of CRS interference received from neighbor cell does exist in the form of residual CRS interference after procedures of CRS interference cancelling. In simulation, the case has been considered that the proportion of determining residual CRS interference is set to 0.1. In addition, in CRS cancelling receiver model, it is assumed that UE takes an operation of CRS interference cancelling only if a difference between the average received power from neighbor cell and the one from serving cell is greater than 2dB.

A calculation method for effective SINR of each code block (CB) was the same as what has been exploited in [7] submitted to RAN1#66bis Zhuhai meeting, and [7] is to be referred in regard to additional simulation assumption.
3. Simulation Results
In the full buffer traffic model [4], performance evaluation results as to various simulation scenarios are shown in the following tables and figures. And the optimal number of ABSs per CRE value was determined by considering overall performance of above mentioned simulation scenarios. Here, the optimal number of ABSs as to CRE values of {0, 6, 8, 10, 12} dB are set to be {0, 6, 6, 7, 7}, respectively.
Table 1. Performance Result for No CRS Interference Model
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Table 2. Performance Result for CRS Interference Model
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Table 3. Performance Result for CRS Puncturing Receiver Model
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Table 4. Performance Result for CRS RM Transmitter Model
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Table 5. Performance Result for CRS Cancelling Receiver Model
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Figure 1: Performance Result for No CRS Interference Model
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Figure 2: Performance Result for CRS Interference Model
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Figure 3: Performance Result for CRS Puncturing Receiver Model
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Figure 4: Performance Result for CRS RM Transmitter Model
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Figure 5: Performance Result for CRS Cancelling Receiver Model
In 3GPP model 1 and ITU model, as for performance evaluation results of No CRS interference model, UE performance gain compared to a case of CRE value being 0dB shows a tendency of increasing as CRE value is determined higher, but if CRE value goes higher than certain level, it is turned out that saturation phenomenon is incurred in terms of throughput performance. In the former case, higher UE performance gain in case that higher CRE value is set is due to off-loading effect. In other words, if the higher CRE value is set, the more UEs will be attached to the pico nodes and thus the remaining macro-UEs can have more resources. In addition, as an example of saturation phenomenon of latter case, it is confirmed that there is no significant difference when comparing 5% edge UE performance gain in case that CRE values are set as 10dB and 12dB, respectively, according to table 1. 
However, in CRS interference model, since CRS from other neighbor cells is considered, it shows a different result in the perspective of UE performance gain compared to No CRS interference model even if higher CRE value is set. In other words, as higher CRE value is set, throughout performance loss derived by higher CRS interference coming from other neighbor cells becomes greater than throughput performance gain obtained from off-loading effect, leading for overall UE performance gain to be reduced. The reason is that the number of UEs attached to pico eNB increases as CRE value becomes larger, while the proportion of pico-UE affected by higher CRS interferences in CRE area also increases. For example, in 3GPP model 1 and ITU model, according to Table 2 showing performance evaluation results in CRS interference model, it is confirmed that there is a reduction of 5% edge UE performance gain when CRE value is determined to be 12dB compared to values when CRE value is determined to be 10dB.
Among previously mentioned simulation scenarios, CRS puncturing receiver model, CRS RM transmitter model, and CRS cancelling receiver model are all methods to reduce throughput performance loss that is incurred due to CRS interference coming from other neighbor cells. In case of exploiting such methods in an environment where CRS interference coming from other neighbor cells exists, higher UE performance gain compared to when CRE value is determined to be 0dB can be acquired in a specific scope of CRE value as CRE value is determined to be higher. However, if CRE value is determined to be higher than a specific value, it shows a tendency of UE performance gain not increasing any more or even reduced. For example, in 3GPP model 1 and configuration #4b, according to Table 3 showing performance evaluation results of CRS Puncturing Receiver model, it is confirmed that there is a reduction of 5% edge UE performance gain when CRE value is determined to be 12dB compared to values when CRE value is determined to be 10dB. The reason of such a result is that the number of UEs affected by higher CRS interference increases as CRE value is determined to be higher, leading that a proportion of UEs with an additional operation of reducing an influence of CRS interference (i.e., puncturing, rate-matching or cancelling) in the entire system increases. Such an additional operation causes slight damages in the perspective of throughput performance, leading that there exists a limitation to acquire higher UE performance gain in proportion with an increase of CRE value.
In case that ABS of reduced (but non-zero) transmit power was adopted, as for UE performance gain obtained when higher CRE value was set than 0dB, it turned out that 3GPP model 1 was relatively higher than ITU model. For example, comparing 5% edge UE performance gains of configuration #4b of 3GPP model 1 and configuration #4b of ITU model, it was confirmed that 3GPP model 1 obtained higher gain.
In an environment where reduced power ABS was applied, UE performance gain that CRS RM transmitter model obtained over CRS Puncturing Receiver model was turned out to be higher in ITU model than 3GPP model 1. 
Overall, under an assumption that ABS of reduced transmitting power was adopted (i.e., 3GPP model 1 and ITU model), it is found that CRS RM transmitter model results in a higher 5% edge UE performance by 4.7% and 5.7% than CRS Puncturing Receiver model when the CRS value is set at 10dB and 12dB, respectively.
In addition, comparing performance evaluation results between zero power ABS [7] and reduced (but non-zero) power ABS, it turned out that throughput performance was higher in reduce power ABS. The reason of such a result is because reduced power ABS method set more optimal number of ABSs than zero power ABS method [7] and consequently total amount of interference which pico nodes is receiving from macro nodes is decreased.
4. Conclusion

In this contribution, we performed the simulation based on FeICIC simulation assumption that was described in [1, 3]. We discussed scenarios for new UE performance requirements, based on performance evaluation results, and could get the following observations.
Observation 1: According to performance evaluation results on various simulation scenarios, under an assumption that ABS of reduced transmitting power was adopted, it turned out that 3GPP model 1 was relatively higher than ITU model in terms of UE performance available to be obtained in a case that CRE value was set higher than 0dB.
Observation 2: Looking into performance evaluation results on various simulation scenarios, under an environment where reduce power ABS was applied, UE performance gain that CRS RM transmitter model obtained over CRS puncturing receiver model was turned out to be higher in ITU model than 3GPP model 1.
Observation 3: Under an assumption that ABS of reduced transmitting power was adopted (i.e., 3GPP model 1 and ITU model), it is found that CRS RM transmitter model results in a higher 5% edge UE performance by 4.7% and 5.7% than CRS puncturing receiver model when the CRS value is set at 10dB and 12dB, respectively.
Observation 4: Comparing performance evaluation results between zero power ABS [7] and reduced (but non-zero) power ABS, it turned out that throughput performance was relatively higher in reduce power ABS.
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Appendix: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Number of Picos per sector
	4

	Number of UEs per sector
	25 for configuration #1, 30 for configuration #4b

	Cell selection bias
	0, 6, 8, 10, 12 dB

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	UE speeds of interest
	3 km/h 

	Transmission mode
	Transmission mode 9 with SU-MIMO

	Channel quality report
	50RB wide-band report for CQI and PMI.
5ms CQI reports periodicity,
6ms delay total (measurement in subframe n is used in subframe n+6)
MCSs based on LTE transport formats [36.213]
LTE codebook as feedback codebook

	Antenna configuration
	2x2x2 antenna 
(# of Tx Ant. at Macro node x # of Tx Ant. at RRH node x # of Rx Ant. at UE)

Macro & low power node: Co-polarized antennas, 0.5 wavelengths separation
UE: Co-polarized antennas, 0.5 wavelengths separation

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB.   
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	Rel-10 receiver (no CRS cancelation, MMSE-option1)

CRS puncturing receiver
CRS cancelling receiver
CRS rate-matching transmitter

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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