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1. Introduction

Rel. 11 WI FeICIC starts in RAN1 66 and the major issue is whether large CRE RSRP bias value is beneficial to the system performance in Macro-Pico scenario. We provided simulation results for CRE without eICIC in Rel. 10 [1] and CRE with eICIC and without CRS interference from ABS in [2], respectively. In this contribution we give further system level simulation results for CRE with eICIC and with CRS interference from ABS using the agreed CRS interference modelling methods in RAN1 66 FeICIC ad hoc session [3]. 
2. Clarification of CRS interference modelling
For taking the CRS interference from ABS into account at system level, it is the most accurate for the system level simulator to literally call the link level simulator so that the loss of PHY abstraction can be avoided at the system level. However, the simulation complexity is usually not acceptable. Thus two alternatives were proposed in the FeICIC ad hoc session in RAN1 66 on how to model CRS interference on PDSCH. They are recapped here:
Alt 1: At system level, calculate SINR of each RE and use the SINR of each RE in one code block to calculate one single effective SINR of the corresponding code block in a TB.
Alt 2: For each code block, average interference level over all relevant REs and use the average as the common noise level of each RE in the calculating the effective SINR of the whole code block.
We verified both alternatives in system level simulations. Alt 1 is too optimistic since it limits the impact of the heavily polluted RE only to itself and ignores the impact to the whole code block. In contrast, Alt 2 models the channel decoding behaviour better than Alt 1 when some of the REs are heavily interfered. We use Alternative 2 in our evaluations.
3. Modelling of advanced receivers
Besides the Rel. 10 receiver, two advanced CRS receivers are listed for evaluations. However, some details are missing in order to correctly model the behaviour of such advanced CRS receiver at system level. We take the steps below to fill the gap.
Before diving into the steps, we make few general assumptions and clarifications. First, the advanced CRS receiver aims at mitigating the interference from the strong CRS interferer. Therefore, it should perform the same as the conventional receiver if there is no strong CRS interferer. Second, the CRS Geometry for each CRS interferer is computed at the system level for identifying the strong interferer and its interference level. Third, the interference scenarios are clarified as follows. Interferences are from all non-ABS subframes and the ABS subframes with the same CRS v_shift as the interfered UE. In addition, two CRS ports are assumed for all eNBs. Therefore, only three v_shift cause the interference and each CRS RE should receive a similar interference level. Finally, since we only simulate TM9, the CRS-colliding interferer has no impact on the PDSCH performance.
Step 1: Calculate the “CRS Geometry” for all CRS non-colliding interferers.
Step 2: For CRS interference canceller, calculate the residual interference by looking up the channel estimation error using the CRS Geometry.
or

Step 2: For CRS interference puncturer, calculate the increased SE using the remaining data REs and increase the BLER for the punctured code block accordingly.
Since UE may suffer from more than one strong interferer on each CRS non-colliding v_shift, it’s possible for an iterative receiver to successively cancel the interference from multiple interferers using the same CRS v_shift. However, taking the complexities of modelling and implementation into account, we only consider cancelling the strongest CRS interferer on each v_shift. Furthermore, our receiver cancels the CRS interferer if its CRS Geometry is at least 3dB. After the cancellation, the residual interference from this interferer is proportional to the channel estimation error associated with the CRS. In Step 1, we first lookup the channel estimation error (a MSE value) from a link level curve using the CRS Geometry and then uses the MSE to determine the CRS interference cancelation factor.
Puncturing the REs interfered by the CRS interference is another technique under consideration. For fair comparison between the puncturing and cancelling receivers, the triggering conditions are the same. Namely, the interferer’s CRS Geometry is at least 3 dB. Since the decoder will skip heavily polluted data REs, the strong interference on those polluted date REs don’t contribute to the average interference on the code block. Effectively, the SE for the code block after puncturing increases. It is known that the higher the SE the higher the BLER. Thus a heavily punctured code block has a much higher BLER than a clean code block.
4. Modelling of control channel errors
Since we only simulated wideband scheduling and SU-MIMO, in most cases only one UE is scheduled. Moreover, we assume eNB can always send PDCCH in a CCE without strong CRS interferences in ABS because three OFDM symbols are reserved for control region. Therefore, PDCCH decoding error should not be an issue. 
5. Results summary and conclusion
All the detailed results are provided in the appendix and we only summarize the observations below:
Observation 1: As expected in [1], the CRS to PDSCH interference will significant degrade the cell edge performance when large CRE is applied. The Rel. 10 receiver can only work for 6dB CRE RSRP bias for ITU channel model.
Observation 2: With advanced CRS receiver such as IC receiver or puncturing receiver, feasible CRE bias is increased to 12dB or even 18dB in ITU channel model. However, the system performance gain for large CRE is still missing even with advanced CRS receiver.

Observation 3: CRS IC receiver has better performance than CRS puncturing receiver for most of the cases, especially for large bias and large ABS ratio.
Observation 4: FeICIC has higher gains for TU channel than ITU channel. Since ITU channel is more realistic, we should draw conclusion from ITU channel and only use TU channel results as reference.
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7. Appendix
Table 1, SLS Simulation Assumptions
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	Hexagonal grid, 19 Macro cell sites, 3 sectors per site
4Pico/Macro cell

	Users per cell
	30

	Downlink transmission scheme
	SU MIMO

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Ideal

	CSI-RS modelling
	Ideal

	CQI reporting mode
	PUCCH 1-1 with rank adaptation between 1 and 2

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1
Rel. 10 receiver

CRS cancelling receiver

CRS puncturing receiver

	Antenna configuration
	(M, P, U) = (2, 2, 2) X at eNB and + at UE

	Control overhead
	L=3, 2 CRS ports, DMRS, CSI-RS

	Channel model
	ITU UMa to Macro and ITU UMi to Pico
3GPP Case 1 and TU channel

	PHY abstraction
	EESM, explicit model each data RE and each code block for one transport block

	Inter cell interference modelling
	Realistic, CRS interference in ABS is explicitly modelled


8. Full buffer results 
In this section we give system level results for full buffer traffic: 2 channel models × 3 receivers×2 UE dropping methods. The ABS ratio is optimized to achieve maximum cell edge SE for each CRE value and each receiver type. The cell edge SE for those empty cases listed in the table are in outage.
Table 2, Full buffer, configuration 1, ITU channel
	Throughput Reference Point
	No CRE
	6dB CRE
	12dB CRE
	18dB CRE

	5% (bps/Hz) Rel. 10
	0.026 (100%)
	0.022(86%)
	
	

	5% (bps/Hz) CRS IC
	0.026 (100%)
	0.022(86%)
	0.021(81%)
	0.019(72%)

	5% (bps/Hz) CRS puncturing
	0.026 (100%)
	0.022(86%)
	0.0195(75%)
	0.0167(64%)

	50% (bps/Hz) Rel. 10
	0.136 (100%)
	0.15(110%)
	
	

	50% (bps/Hz) CRS IC
	0.136 (100%)
	0.15(110%)
	0.13(94%)
	0.13(97%)

	50% (bps/Hz) CRS puncturing
	0.136 (100%)
	0.15(110%)
	0.125(92%)
	0.123(90%)

	95% (bps/Hz) Rel. 10
	0.65 (100%)
	0.58(89%)
	
	

	95% (bps/Hz) CRS IC
	0.65 (100%)
	0.58(89%)
	0.62(95%)
	0.61(93%)

	95% (bps/Hz) CRS puncturing
	0.65 (100%)
	0.58(89%)
	0.64(98%)
	0.56(86%)

	Cell Avg (bps/Hz) Rel. 10
	1.25(100%)
	1.22(98%)
	
	

	Cell Avg (bps/Hz) CRS IC
	1.25(100%)
	1.22(98%)
	1.2(97%)
	1.19(96%)

	Cell Avg (bps/Hz) CRS punc
	1.25(100%)
	1.22(98%)
	1.19(96%)
	1.11(90%)

	Macro Attach Ratio
	47.2%
	36.1%
	25.3%
	16.9%


Table 3, Full buffer, configuration 4b, ITU channel
	Throughput Reference Point
	No CRE
	6dB CRE
	12dB
	18dB CRE

	5% (bps/Hz) Rel. 10
	0.0382(100%)
	0.029(76%)
	
	

	5% (bps/Hz) CRS IC
	0.0382(100%)
	0.030(78%)
	0.028(73%)
	0.022(57%)

	5% (bps/Hz) CRS puncturing
	0.0382(100%)
	0.030(77%)
	0.028(72%)
	0.022(59%)

	50% (bps/Hz) Rel. 10
	0.215(100%)
	0.219(102%)
	
	

	50% (bps/Hz) CRS IC
	0.215(100%)
	0.207(96%)
	0.2(92%)
	0.185(86%)

	50% (bps/Hz) CRS puncturing
	0.215(100%)
	0.203(94%)
	0.2(93%)
	0.184(86%)

	95% (bps/Hz) Rel. 10
	0.77(100%)
	0.74(97%)
	
	

	95% (bps/Hz) CRS IC
	0.77(100%)
	0.78(101%)
	0.78(101%)
	0.65(85%)

	95% (bps/Hz) CRS puncturing
	0.77(100%)
	0.78(101%)
	0.75(97%)
	0.64(83%)

	Cell Avg (bps/Hz) Rel. 10
	1.74(100%)
	1.71(98%)
	
	

	Cell Avg (bps/Hz) CRS IC
	1.74(100%)
	1.70(98%)
	1.65(95%)
	1.45(83%)

	Cell Avg (bps/Hz) CRS punc
	1.74(100%)
	1.70(97%)
	1.64(94%)
	1.44(83%)

	Macro Attach Ratio
	28.3%
	19.5%
	11.9%
	6.6%


Table 4, Full buffer, configuration 1, TU channel
	Throughput Reference Point
	No CRE
	6dB CRE
	12dB CRE
	18dB CRE

	5% (bps/Hz) Rel. 10
	0.022(100%)
	0.021(95%)
	0.016(73%)
	0.012(52%)

	5% (bps/Hz) CRS IC
	0.022(100%)
	0.0224(101%)
	0.0207(93%)
	0.019(86%)

	5% (bps/Hz) CRS puncturing
	0.022(100%)
	0.021(95%)
	0.02(93%)
	0.019(85%)

	50% (bps/Hz) Rel. 10
	0.093(100%)
	0.096(103%)
	0.095(102%)
	0.081(86%)

	50% (bps/Hz) CRS IC
	0.093(100%)
	0.097(104%)
	0.103(110%)
	0.093(99%)

	50% (bps/Hz) CRS puncturing
	0.093(100%)
	0.097(103%)
	0.103(110%)
	0.09(97%)

	95% (bps/Hz) Rel. 10
	0.452(100%)
	0.57(126%)
	0.50(111%)
	0.5(111%)

	95% (bps/Hz) CRS IC
	0.452(100%)
	0.57(126%)
	0.50(111%)
	0.52(116%)

	95% (bps/Hz) CRS puncturing
	0.452(100%)
	0.56(124%)
	0.48(106%)
	0.50(111%)

	Cell Avg (bps/Hz) Rel. 10
	0.88(100%)
	1(113%)
	0.94(106%)
	0.86(97%)

	Cell Avg (bps/Hz) CRS IC
	0.88(100%)
	1(114%)
	0.98(111%)
	0.96(108%)

	Cell Avg (bps/Hz) CRS punc
	0.88(100%)
	1(114%)
	0.97(110%)
	0.92(105%)

	Macro Attach Ratio
	47.3%
	31.1%
	16.9%
	7.1%


Table 5, Full buffer, configuration 4b, TU channel
	Throughput Reference Point
	No CRE
	6dB CRE
	12dB
	18dB CRE

	5% (bps/Hz) Rel. 10
	0.042(100%)
	0.046(106%)
	0.034(82%)
	0.028(67%)

	5% (bps/Hz) CRS IC
	0.042(100%)
	0.044(106%)
	0.04(96%)
	0.038(90%)

	5% (bps/Hz) CRS puncturing
	0.042(100%)
	0.047(112%)
	0.041(99%)
	0.037(89%)

	50% (bps/Hz) Rel. 10
	0.183(100%)
	0.212(116%)
	0.213(116%)
	0.214(117%)

	50% (bps/Hz) CRS IC
	0.183(100%)
	0.22(118%)
	0.22(121%)
	0.21(114%)

	50% (bps/Hz) CRS puncturing
	0.183(100%)
	0.21(117%)
	0.22(121%)
	0.219(119%)

	95% (bps/Hz) Rel. 10
	0.62(100%)
	0.71(115%)
	0.67(109%)
	0.68(110%)

	95% (bps/Hz) CRS IC
	0.62(100%)
	0.72(116%)
	0.68(109%)
	0.71(114%)

	95% (bps/Hz) CRS puncturing
	0.62(100%)
	0.71(114%)
	0.67(108%)
	0.7(112%)

	Cell Avg (bps/Hz) Rel. 10
	1.42(100%)
	1.64(116%)
	1.61(113%)
	1.59(112%)

	Cell Avg (bps/Hz) CRS IC
	1.42(100%)
	1.65(116%)
	1.64(116%)
	1.64(115%)

	Cell Avg (bps/Hz) CRS punc
	1.42(100%)
	1.65(116%)
	1.64(115%)
	1.63(115%)

	Macro Attach Ratio
	20%
	11.2%
	4.9%
	2.5%


