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1 Introduction
The WI of CRS-IM reached agreement in RAN 66#. From [1], we can get the objective of performance part as following:
· Specify the UE performance requirements for demodulation tests and CSI to verify that gains with the combined MMSE-IRC and CRS-IM are achieved by practical implementations. 
· Specify the baseline receiver and conformance test conditions to mitigate Cell-specific Reference signals in a synchronized homogeneous network following the conclusion of study item phase.
Based on the objective of performance part in WI and the conclusion of SI phase detailed in [2], we will share our points on multi-aspect of CRS-IM performance part in the following.
2 Background
2.1 The relationship between CRS-IM and FeICIC

It is clear that both the two work items of FeICIC in Release 11 and CRS-IM in Release 13 are studied to standard CRS-IM and specify the corresponding requirements. So it is worthwhile to clarify the relationship between two work items in the starting phase. And taking Rel-11 FeICIC requirements and tests as reference to define Rel-13 CRS-IM demodulation and CSI requirements/tests is also meaningful.
CRS-IC has been studied and the UE capability of CRS-IC has been verified at the same time in the Rel-11 Work Item on FeICIC. Due to its benefits under the condition where interference from CRS dominates but is negligible from data assuming data RE muting, the CRS-IM has been standardized under the above operation conditions for heterogeneous deployments and the corresponding requirements were specified in Release 11. At the same time, the enhanced performance requirements in homogeneous network deployment for MMSE interference rejection combining (MMSE-IRC) receiver were extensively studied and specified simultaneously in Release 11. The MMSE-IRC receiver can suppress both data and CRS interference without the need to differentiate them. In Release 13, CRS-IM aims at further studying and specifying the UE enhanced performance improved via combined MMSE-IRC and CRS-IC in homogenous deployment.
In Release 11 link level evaluations, the interference has been modelled as almost blank subframe, as defined in FeICIC WI, or full traffic, as defined in MMSE-IRC receiver. The study item has developed models for Release 13 CRS-IM in terms of their powers relative to the total other cell interference power(not including dominant interfering cell(s) which interference can be mitigated by the UE), and their resource allocation according to traffic loading levels. Based on previous contributions on FeICIC in Release 11 and CRS-IM in Release 13, we summarize our observation about the differences and similarities between FeICIC in Release 11 and CRS-IM in Release 13 as following:
Observation 1: 
The relationships between R.11 FeICIC and R.13 CRS-IM are summarized as following
a) Similarities

●
  CRS-IC receiver and assistance information:

           -   The CRS assistance information, as specified for Release 11, is also available for the UE in R.13 CRS-IM.
-
CRS-IC receiver would be applied for both R.11 FeICIC and R.13 CRS-IM.

●   only focus on the CRS interference from aggressors
-  Interference from neighbour cells’ PDSCH is not the focus of R.11 FeICIC and R.13 CRS-IM.
b) Differences:
●
 Interference model:

-   Defined with ABS pattern. The interference has been modelled as almost blank subframe (ABS) in R.11 FeICIC.
-   Defined with the Resource Utilization, i.e. RU. RU={10%,20%,30%,40%,50%} in R.13 CRS-IM.
●
 Interference level:

-   The 9dB CRE bias for FeICIC leads UE in harsh interference scenario in R.11 FeICIC. 
-  The received power spectral density from servicing cell is analogous to that from two dominant interfering cells in R.13 FeICIC.
●
 Resource allocation for useful data:

      -  Useful data is transmitted in the subframes overlapping with aggressor cells ABS in R.11 FeICIC.
-   All subframes are scheduled in R.13 CRS-IM.
●
 Baseline detector structure
      -   CRS-IC receiver as the baseline receiver in R.11 FeICIC. 
      -   MMSE-IRC receiver with CRS-IC receiver as the baseline receiver in Release 13. 

●
 Interference cancelling:

-   UE deals with CRS interference in ABS in R.11 FeICIC.

-   UE deals with CRS interference in all subframes in Release13 CRS-IM.
Regarding the differences between R.11 FeICIC and R.13 CRS-IM that the CRS-IC in Release11 solves the issue of larger interference level in ABS protected subframe, and CRS-IM in Release 13 will solve the issue of light interference level in normal suframes.  Through UE could pass through tests in R.11 FeICIC, it is uncertainly that UE could pass through test in Release 13. So it is necessary to specify demodulation and CSI tests for CRS-IM in Release 13.
2.2 Test purpose
In Rel-10, there are clearly defined test purposes for each demodulation requirement, which either verifies the specific feature/technique (e.g., the purpose is to verify the performance of transmit diversity with 2 transmitter antennas) or verifies the performance under specific scenario (e.g., for eICIC TM2 test, the test purpose is to verify the performance of transmit diversity with 2 transmit antennas if the PDSCH transmission in the serving cell takes place in subframes that overlap with ABS of the aggressor cell). 

We summarize the multiply principles used to define the test purpose in the following, and other principles are not excluded.

Principle 1: Verify the UE capability of handling CRS from interference cells, i.e. the gain deserved from cancelling CRS interference from neighbor cells. 

Principle 2: Guarantee the robustness of UE demodulation performance in practical condition. In another words, introduced test requirements shall cover the cases in real network deployment. 
Based on the discussion, we prefer to proposed 
Propose 1: Regarding the requirements for R.13 CRS-IM, the test purposes should at least 

· Verify the UE capability of handling CRS from interference cells
· Guarantee the robustness of UE demodulation performance in practical condition
In the following, we do some evaluation based on the above discussion via link level simulating. We simulate the throughput performance for different sets at different RU and different MCS. The detail sets from [2] are listed in Table1. The other corresponding assumptions agreed in [2] listed in annex. The five small circles in the figure 1 and figure 2 represent the throughput at interference level set1~set5. The upper dotted line indicates max throughput and the lower indicates 70% max throughput in each figure.
Table 1 Interference level  
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	20%

 
	1
	1.7
	-0.7
	3.2

	
	5
	7.7
	3.6
	7

	
	10
	10.4
	4.6
	8.9

	
	15
	13.4
	9.2
	12

	
	20
	30.3
	28.9
	29.4

	30%
	1
	1.3
	-0.7
	3.1

	
	5
	6.9
	3
	6.3

	
	10
	9.7
	3.7
	8.2

	
	15
	12.8
	7.8
	11.2

	
	20
	29
	27.7
	28.1

	40%
	1
	0.5
	-1.7
	2.1

	
	5
	6.1
	1.9
	5.4

	
	10
	8.8
	2.7
	7.2

	
	15
	11.7
	7.1
	10.3

	
	20
	28.8
	27.4
	27.8
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Figure 1 demodulation performance at different MCS while RU=30%
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Figure 2 demodulation performance at different MCS while RU=40%

As the mode order used for UE at cell edge could not be too high and is usually QPSK, we pay our attention on low MCS. As the figure 1 and figure 2 depicts, the throughput performance interference level set1~set5  distribute from above to below the 70% max throughput better while MCS increase from 8 to11, i.e. the throughput performance of interference level set1~set5 is becoming worse while MCS increase from 8 to11 at the same RU. The throughput exceeds 70% max throughput while the MCS changes in QPSK range while RU=30%, which is an impracticable condition.The throughput performance of interference level set1~set5 distribute around 70% max throughput at MCS=9 (QPSK range) while RU=40%, which is a practical condition. 
It is observed that the CRS-IM gain is greater in low RU than high RU based on [2]. It may be understandable for that low mode order is less sensitive to interference compared to high. So the gain achieved at MCS=9 and RU=40% should be less than higher MCS and lower RU. If our purpose is to obtain significant gain, the selected mode order/ MCS value will be higher than 9 and RU will be lower than 40%. So it is difficult to determine the RU and MCS value before test purpose is defined. 

We summarize the observation based on the evaluation
Observation 2
· The throughput performance of interference level set1~set5 distribute from above to below the 70% max throughput better while MCS increasing from 8 to11 at the same RU.
· The throughput performance of interference level set1~set5 distribute around 70% max throughput at MCS=9 (QPSK range) while RU=40%.
3 Demodulation requirements
During SI phase, most of the link-level assumptions have been agreed as summarized in chapter 7.2 of TR 36.863. In the WI phase, we can further study and specify requirements based on the agreement. With respect to the interference level and RU, the TR 36.863 gives a set of values for us to select instead of giving a specified value. And some other assumptions should also be clarified at the same time. So we should define the remaining simulating assumptions at first in this phase.
3.1 Assumptions
As for interference level we summarize two principles considered for selection in the following, others are not excluded:

(1) Based on common scenario

(2) Based on gain significant performance gain over R.11 MMSE-IRC.
With respect to the common scenario, maybe it is proper that UE’s throughput obtained by MMSE-IRC receiver with CRS-IM distributes around 70% max throughput at a specific interference level. If the performance is too good, it is not a very actual condition. And if the performance is too bad, maybe it is meaningless to study CRS-IM.
With respect to the gain, both system study and link simulation results in [2] conclude that there is significant throughput gain when the traffic load is low at the interfering cells. And RAN4 has agreed on that significant throughput gain can be obtained for cell-edge UE by CRS-IM receiver in LTE homogeneous network under low traffic loading during CRS-IM study phase.
Before formulating test cases, the specific MCS value (values) is needed to be determined. From Table 7.3-1in the chapter 7.3 of [2], we can see that for low load, when the Es/Noc, D1/Noc and D2/Noc are higher, the 2-cell CRS-IM achieve significant gain over that without no CRS-IM. The reason is that for higher Es/Noc, the corresponding MCS is higher, higher MCS is more sensitive to the CRS interference. CRS-IM has great impact on the UE performance in these cases. As higher MCS is more sensitive to the CRS interference, i.e. CRS has greater gain with higher MCS compared to lower MCS, the specific MCS could be very high. 
Based on above analysis, we propose 
Propose 2: Regarding the performance gain of CRS-IM, low RU and high MCS could be used for the purpose of simulation alignment.
3.2 Evaluation
In this section, we evaluate throughput performance at different RU, MCS and interference level. The specific interference sets are described in Table 1. The detailed parameters are listed in the annex. As figure 2 depicted, the UE’s throughput distributes around 70% max throughput at MCS=9(in QPSK range) while RU=40%, choosing MCS=9 while RU=40% to align demodulation performance seems reasonable.
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(a) MCS=9, RU=40%, Interference level set 1                       (b) MCS=9, RU=30%, Interference set 1
Figure 1 Performance comparison of MMSE-IRC and CRS-IM receiver at low MCS and high RU
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(a) MCS=17, RU=20%, interference level set 10     
(b) MCS=18, RU=20%, interference level set 10

Figure 2 Performance comparison of MMSE-IRC and CRS-IM receiver at high MCS and low RU
From Figure 3, we observed that MMSE-IRC receiver with CRS-IM achieves marginal performance gain at low MCS and high RU only. It may be understandable for that low mode order is not very sensitive to interference compared to high and significant throughput gain can be obtained under low traffic loading which was agreed during CRS-IM study phase.

From Figure4, we observed that significant throughput gain can be achieved by MMSE-IRC receiver with CRS-IM at high MCS and low RU. The gain is greater under MCS=18 than MCS=17 under the same other assumption. It is reasonable for that the high mode order is more sensitive to interference than low MCS and greater performance gain can be obtained under low traffic loading than higher.
Based on the analysis above, we conclude 
Observation 2:
· MMSE-IRC receiver with CRS-IM achieves marginal performance gain at low MCS and high RU
· Significant throughput gain can be achieved by MMSE-IRC receiver with CRS-IM at high MCS and low RU. The gain is greater under MCS=18 than MCS=17.
4 Feasibility of CSI requirements
The purpose to study CSI requirements is to get performance gain by ensuring the UE report accurate CSI. As to R.13 CRS-IM, the purpose of CSI requirements become verifying whether the UE has taken CRS-IC and MMSE-IRC gain into CQI derivation.

Before discussion the CSI requirements, we should firstly check the feasibility, in our opinion 

1) The performance gain of CRS-IM is only notable in limited scenarios, such as cell edge and low resource utilization scenarios, so it’s uncertain whether it’s worthiness to require UE capturing post-CRS-IM CQI derivation only for such limited cases.

2) As it’s hard for UE to identify whether the PDSCH interference is present or not, so it’s would be hard for UE to predict an accurate the throughput gain of CRS-IM and then take such a gain into CQI derivation. So, it’s also uncertain it’s feasible for UE to capture CRS-IM gain into CQI derivation.
As the previous SI hadn't verified the feasibility, so we think further study would be needed before introducing CQI requirements.
Propose 3: As for feasibility of CSI requirement, it is needed to be study further.
5 CRS-colliding
In the case of non-colliding CRS, the performance of mitigating interference generated by neighbor cell for PDSCH of service cell has been verified during SI phase. And the corresponding conclusions and assumptions agreed in previous meeting apply to the non-colliding CRS case. 
In the case of colliding case, mitigating CRS from interference cell could improve the performance of channel estimation undoubtedly. However, the throughput gain achieved by the enhanced channel estimation is FFS. Just as the objectives of WI for CRS-IM in RP-142263 described,  

· The case of colliding CRS should be studied, prior to decide to introduce associated requirement scenarios.
So, we prefer to evaluate the system and link level performance in the colliding case at first, and then determine whether to introduce the requirements. Base on the discussion above, we propose that 
Propose 4: Evaluating the system and link level performance gain improved in the colliding case before determining to study the performance and CSI requirements or not.
6 Conclusion
This contribution provides our observations and views in CRS-IM. We conclude all the content as following:
Observation 1: 
The relationships between R.11 FeICIC and R.13 CRS-IM are summarized as following

a) Similarities

●
  CRS-IC receiver and assistance information:

           -   The CRS assistance information, as specified for Release 11, is also available for the UE in R.13 CRS-IM.

-
CRS-IC receiver would be applied for both R.11 FeICIC and R.13 CRS-IM.

●   only focus on the CRS interference from aggressors

-  Interference from neighbour cells’ PDSCH is not the focus of R.11 FeICIC and R.13 CRS-IM.

b) Differences:
●
 Interference model:

-   Defined with ABS pattern. The interference has been modelled as almost blank subframe (ABS) in R.11 FeICIC.

-   Defined with the Resource Utilization, i.e. RU. RU={10%,20%,30%,40%,50%} in R.13 CRS-IM.

●
 Interference level:

-   The 9dB CRE bias for FeICIC leads UE in harsh interference scenario in R.11 FeICIC. 
-  The received power spectral density from servicing cell is analogous to that from two dominant interfering cells in R.13 FeICIC.
●
 Resource allocation for useful data:

      -  Useful data is transmitted in the subframes overlapping with aggressor cells ABS in R.11 FeICIC.

-   All subframes are scheduled in R.13 CRS-IM.
●
 Baseline detector structure

      -   CRS-IC receiver as the baseline receiver in R.11 FeICIC. 

      -   MMSE-IRC receiver with CRS-IC receiver as the baseline receiver in Release 13. 

●
 Interference cancelling:

-   UE deals with CRS interference in ABS in R.11 FeICIC.

-   UE deals with CRS interference in all subframes in Release13 CRS-IM.
Observation 2:
· MMSE-IRC receiver with CRS-IM achieves marginal performance gain at low MCS and high RU
· Significant throughput gain can be achieved by MMSE-IRC receiver with CRS-IM at high MCS and low RU. The gain is greater under MCS=18 than MCS=17.
Propose 1: Regarding the requirements for R.13 CRS-IM, the test purposes should at least 

· Verify the UE capability of handling CRS from interference cells
· Guarantee the robustness of UE demodulation performance in practical condition
Propose 2: Regarding the performance gain of CRS-IM, low RU and high MCS could be used for the purpose of simulation alignment.
Propose 3: As for feasibility of CSI requirement, it is needed to be study further.
Propose 4: Evaluating the system and link level performance gain improved in the colliding case before determining to study the performance and CSI requirements or not.
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Annex
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	Option A (baseline): TM2

	Transmission mode in interfering cells
	Use TM3 for TM2 serving

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of explicitly modeled interfering cells
	Option A (baseline): 2 interfering cells



	Signal level for serving cell CRS (Es/Noc)
	Range of Es/Noc: Based on Table 7.3-1

	Network synchronization in time
	All cells are synchronous

	
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	[3 us]
	[-1 us]

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	300 Hz
	-100 Hz

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between explicitly modeled serving and the first two interfering cells

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	PUCCH 1-0 for TM2 and PUCCH 1-1 for TM4

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds
	8 milliseconds

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	Rank-1

	
	MCS
	

	Interfering PDSCH parameterization
	Resource allocation
	Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells; 

ON/OFF pattern depends on the Possion distribution

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	MCS
	

	Non-full buffer interference
	Model
	Interfering PDSCH transmissions in interfering cells are randomly & independently active over the full band with an activity in time domain equal on average to the targeted resource utilization

	
	Average resource utilization
	{ 20%}

	Tx EVM
	6% in both alignment and impairment simulations








