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1   Background
In RAN#76 meeting, new WI proposal: LTE CRS-IM performance requirements for single Rx chain UEs was approved [1]. As described in the WID, the work item has two phases:
· Phase I:

· Investigate the general impact of CRS-IM on power consumption, complexity and throughput gain for the UEs equipped with 1Rx chain 
· Investigate the feasibility of CRS-IM receivers for the UEs equipped with 1 RX chain

· Identify target scenarios including deployment scenarios, interference models, and others. 
· Reuse Rel-13/14 CRS-IM assumptions as the starting point.
· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled interference cell(s)
· Evaluate the CRS-IM performance benefits for the Single RX chain UEs
· Phase II:

· After completion of Phase I, specify UE demodulation and CSI reporting performance requirements for the UEs equipped with 1 RX chain 

In this contribution, we focus on the phase 1 part, i.e. investigate the feasibility of CRS-IM receiver for the UEs equipped with 1Rx chains.
2   Discussion

According to the WID [1], the feasibility of CRS-IM receivers for the UEs equipped with 1Rx chain should be investigated. Since for the CRS-IM receivers equipped with 1Rx receiver, the complexity should be taken into special consideration, i.e. the number of cancelled interference cell(s) and interference levels. The methodologies provided in [2] can be used as a reference to decide the number of cancelled interferes (N) and the interference levels. For convenience, the details are also given in the Annex.
For the CRS configurations, Rel-13/14 CRS-IM assumptions can be reused as the starting point for evaluations. The final test cases need further discussion and selection.
Proposal 1: Complexity should be taken into consideration while evaluating the performance gain.
Additionally, RAN4 work for 1Rx CRS-IM should be done under the following assumptions [1]:

· Target device types

· Rel-14 Cat1bis devices

· Rel-14 FeMTC devices

· Consider both 2 and 4 CRS APs scenarios

· Focus on Non-colliding CRS scenarios
For the CRS-IM receiver structure assumptions, the different complexity levels should be considered and compared. As mentioned above, different number of cancelled interference cell(s) and interference levels should be considered.
For the performance benefits, except for the comparison with 1Rx MRC receiver, 2Rx MMSE receiver should also be compared to evaluate performance benefits for CRS-IM receiver.

Proposal 2: 2Rx MMSE receiver should also be compared to evaluate performance benefits for CRS-IM receiver.
3   Conclusion
In this contribution, we analyze the feasibility for CRS-IM receivers for UEs equipped with 1Rx chain and propose that
Proposal 1: Complexity should be taken into consideration while evaluating the performance gain.

Proposal 2: 2Rx MMSE receiver should also be compared to evaluate performance benefits for CRS-IM receiver.
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Appendix

1. Methodology to determine the number of aggress cell and interference levels for CRS-IC

To evaluate and get the number of aggress cell and interference level, the evaluation methodology should be aligned in each company, and in this section we try to give a common methodology of how to determine the number of dominant macro interference cells.

We follow the terminology in [4] and the current existing specification. On top of the method proposed in [4], we will take the serving cell SNR into account, i.e., Es/Noc2 and make some modification for simplification. According to the system simulation results, Es/Noc2 is distributed in a wide range for a given Es/Iot. 

In general, the method is divided in to four steps:

· Step 1: Assuming the maximum number of cancelled interferers, e.g., N=1, 2 or 3, choose the typical UE sets to log Es/Iot targeting different physical channel test cases, e.g., 50%-ile Pico CRE UE Es/Iot for PDSCH TM2 test.

· Step 2: Obtain the interference levels for each UE set of interest by calculating the conditional statistics of Es/Noc2, I1/Noc2, I2/Noc2, Noc1/Noc2, Noc1/Noc2 and etc. For this step, we propose two options.

· Option 1 (one typical point): select 50%-ile Es/Noc2 conditioned on the given UE set and Es/Iot, and then within the window around chosen Es/Noc2 average the interference-to-noise ratios, i.e., I1/Noc2 , I2/Noc2, and I3/Noc2 (if needed);

· Option 2 (multiple typical points): divide the statistical space of Es/Noc2 conditioned on the given UE set and Es/Iot into a number of sub-spaces equally, and then within each space average the SNR of Es/Noc2 and the interference-to-noise ratios, i.e., I1/Noc2 , I2/Noc2, and I3/Noc2 (if needed) corresponding to each calculated values of Es/Noc2.

· Step 3: For different maximum number of cancelled interferers, choose the proper MCS considering the obtained Es/Noc2 and interference levels obtained in Step2 and then run the link level simulation to check the performance gain at the desired Es/Noc2 compared with the performance of UE without CRS-cancelling.

· Step4: If the performance gain for a certain maximum interference-cancelling number of N is significant, it can be justified that cancelling N interferers for certain physical channels will be beneficial in typical FeICIC scenarios. And then at the same time the interference levels can be obtained. If Option 2 used in Step 2, the average throughput gain out of multiple points should be used as metric to decide N.

(Note: if Option 2 used, one out of multiple points should be chosen for the test in order to reduce the test cost)

The detailed examples for each step are given as follows.

· Step1, choose the typical UE sets of interest

Aligned with eICIC demodulation testing case, three typical UE sets of interest could be evaluated as a starting point, which are

· 50%-ile Pico CRE UE (for PDSCH TM-2 test cases)

· 50%-ile Pico non-CRE UE (for PDSCH rank-2 test cases)

· 5% Pico UE (for control channels)

In the following section, the case of 50%-ile Pico CRE UE with N=2 is taken for an example. For other UE of interest and N=3, the similar method will be used. 

In Figure 13, the CDF-es of Es/Iot for different UE sets of interest are given. From Figure 13, it is observed that the targeting Es/Iot = -7dB for 50%-ile Pico CRE UE.
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Figure 13 CDF of Es/Iot for different kinds of UE of interest

· Step2, Get the interference levels for each UE set

We log all the UEs falling in the window around Es/Iot = -7dB and plot the 2-D figures to show the relations between Es/Noc2 and I1/Noc2 and that between Es/Noc2 and I2/Noc2 in Figure 14. As observed the values of Es/Noc2 is distributed from 0dB to 20dB and I1/Noc2 and I2/Noc2 are also distributed widely.
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Figure 14 Distribution of I1/Noc2 and I2/Noc2 conditioned on 50%-ile Es/Iot for determining the typical interference levels

If using Option 2 where several typical UE distribution points will be chosen, we can divide the whole space into three sub-spaces with equal probability as shown in Figure 14. Then average the SNR and interference-to-noise ratio. In Table 8 we give the calculated values.

Table 8: Interference level for the case of 50%-ile Pico CRE UE and N=2 (three typical points)

	Testing case
	Signal and interference levels (dB)

	
	Es/Noc2
	I1/Noc2
	I2/Noc2

	1
	0.5
	4.8
	-2.5

	2
	4.2
	9.4
	0.9

	3
	11.7
	17.7
	4.5


If Option 1 is used, only one point will be obtained, which may approximate the test case #2.

· Step3, link level simulation 

Based on the signal and interference levels given in the Table1of Step2, we need decide the proper transmission mode and MCS accordingly. And still we suggest using [70%] relative throughput as starting point for the initial study. In Table 9, we provide the initial table in order to capture the proper transmission modes and MCS for each potential test case, assuming Option 2 used in Step2.

Table 9: Simulation assumptions for the set of 50%-ile Pico CRE UE and N=2 (three typical points)

	Testing case
	Signal and interference levels (dB)
	TM mode
	MCS

	
	Es/Noc2
	I1/Noc2
	I2/Noc2
	
	

	1
	0.5
	4.8
	-2.5
	[TM2]
	[QPSK 1/x]

	2
	4.2
	9.4
	0.9
	[TM3]
	[16QAM 1/y]

	3
	11.7
	17.7
	4.5
	[TM3]
	[16QAM 1/z]


Run the link level simulation for each candidate test cases by using CRS-cancelling receiver, and compare the resulted throughput at desired Es/Noc2 to that of normal receiver and calculating the throughput gain for CRS-cancelling receiver. Since Option 2 in Step2, i.e., selecting the multiple typical points, is used, the averaged throughput gain will be used as the metric.

· Step4, Determine the interference level

With the simulation results of the throughput gain of different maximum cancelled interfere number, we can compare the averaged throughput gain with respect to different maximum cancelling number of N = 1, 2, and 3. Note that the SNR and interference levels would vary with different N. If the gain for N+1 was much larger than that for N, then it would be justified that N+1was the typical number. Otherwise, N is sufficient.

· Proposals

Based on the conditional statistics from the system simulation, we propose to choose the typical case to determine the SNR and interference levels together with MCS for the FeICIC demodulation. And another way is to choose the corner case for the test, for example, choosing two strong interference levels for the requirements. The purpose would be to obtain the significant gain relative to the receiver without CRS-cancelling. But according to our simulations in [4], the gain is also significant when the interference levels as shown in Table2 are used.

In sum, we propose that each company should align their simulations to decide the maximum number of cancelled dominant macro interference cells and interference level for evaluation of the CRS-cancelling receiver, and the methodology proposed in this contribution is suggested to be adopted.
According to the analysis and simulation results in this contribution and in [4], we observe that the maximum number of cancelled dominant macro interference cells should be set to 2 for the FeICIC demodulation test cases using CRS-cancelling.

