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1. Introduction
In RAN4 #74, there was first discussion on the work scope of CRS-IM WI and following WF was agreed [1]. 

Test purpose

· To achieve MMSE-IRC+CRS-IC gain with low partial load under homogeneous scenarios.
· When the interference condition is not favorable for CRS-IC, there is no performance loss compared with MMSE-IRC when CRS assistance information is provided.
Test cases

· PDSCH demodulation test
· Evaluate tests for following transmission mode
· TM2, TM3, TM4, TM9
· The TMs may be down selected based on test purposes and evaluation results 
· FFS whether control channel test is needed
· Feasibility of CRS-IM for control channel
· Interested companies may provide some analysis on CRS-IM gain for control channel
In this contribution, we provide investigation on test framework for CRS-IM and our proposal for demodulation test framework for non-TM10 TMs. 
2. Interference modeling
2.1. CRS configuration

In homogeneous network deployment with planned cell ID layout with 3 CRS shift patterns, dominant interference cell usually has non-colliding CRS since they are coming from other sectors in the same cell site. In interference power profile study in [2], there was no distinction between colliding and non-colliding CRS interference cell. However, in link level performance evaluation in [2], RAN4 did select two non-colliding CRS interference as common test set up. Therefore, it is natural to consider two non-colliding CRS interference cells at first priority. 
Proposal 1. Consider two non-colliding CRS interference cells at first priority in CRS-IM link level performance investigation. 

On the other hand, colliding CRS interference cells can still occur with lower probability in planned PCI deployment or in deployment with non-strict PCI planning. Since CRS-IM behavior in UE receiver is quite different for colliding and non-colliding interference, it is necessary to evaluate performance also for colliding CRS interference. In order to make it easy to evaluate CRS-IM performance under colliding CRS interference, we evaluated CRS-IM performance with both interference cell with colliding CRS configuration. 
2.2. Interference profile
RAN4 work in CRS-IM WI will focus on defining link level performance requirements under interference condition obtained from system level modeling. In Rel-12 SI on CRS-IM for homogeneous deployment of LTE, RAN4 agreed to model two dominant interference cell based on system level evaluation. Based on statistical modeling for homogeneous network deployment, interference profile for 5%-tile geometry UEs were derived for different resource utilization (RU) assumption. Following the agreement in WF [1], we provide summary of interference profile to be evaluated in the link level study in table 1. Here, Ior1/Noc is serving cell geometry, Ior2/Noc is first dominant interference cell geometry and Ior3/Noc is second dominant interference cell geometry. Ior models thermal noise and all other interference cells that are not explicitly modeled. Note that 5%, 50% and 80%-tile of Ior2/Noc is taken as points of interest for different RU factors. 
Table 1. Interference profile for homogeneous network deployment

	intf level (dB)
	RU=10%
	RU=20%
	RU=30%
	RU=50%

	
	5%-tile
	50%-tile
	80%-tile
	5%-tile
	50%-tile
	80%-tile
	5%-tile
	50%-tile
	80%-tile
	5%-tile
	50%-tile
	80%-tile

	Ior2/Noc
	2.48
	11.75
	15.98
	1.69
	10.45
	14.64
	1.34
	9.69
	13.99
	0.19
	8.36
	12.53

	Ior3/Noc
	-0.03
	5.69
	11.17
	-0.74
	4.57
	9.86
	-0.74
	3.69
	9.09
	-1.63
	1.66
	8.02

	Ior1/Noc
	3.96
	10.18
	14.36
	3.25
	8.92
	13.05
	0.07
	8.18
	12.36
	1.91
	6.69
	10.96


2.3. Partial loading modeling

In SI stage, partial loading was modeled as FTP traffic with full band on/off model wherein packet arrival is modeled with Poisson distribution. FTP traffic model was useful in SI stage link performance evaluation since PDSCH throughput performance was simulated with link adaptation. However, when RAN4 defines PDSCH demodulation performance requirement with FMCS test, either FTP traffic model or per-SF random on/off model proportional to average resource utilization would provide equivalent performance. In order to make it easy to define a performance test set up, we would like to propose to use per-SF random on/off model in the test definition. 
Proposal 2. For partial loading modeling, employ per-SF random on/off model in fixed MCS performance test. 

2.4. Antenna configuration

In RAN4 #74, there was a proposal to include also 4 CRS antenna ports in the scope of WI. Regarding this proposal, we would like to point out that reference receiver for CRS-IM is combination of Rel-11 CRS-IC receiver and MMSE-IRC receiver, both of which are defined for up 2 CRS antenna ports. Thus, expanding the scope of CRS-IM beyond 2 CRS antenna ports seems to require separate study on the network deployment scenario, UE implementation complexity and potential performance benefit both in link and system level. 
Proposal 3. Preclude 4 CRS antenna ports from CRS-IM WI scope since RAN4 does not have good study for 4 CRS antenna port deployment and CRS-IC for 4 CRS antenna port. 

3.  PDSCH performance requirements
3.1. PDSCH demodulation with non-colliding CRS
Fixed MCS link level simulation was run for PDSCH demodulation performance in the presence of two non-colliding CRS interference to evaluate the performance gain of CRS-IM receiver. Figure 1-3 shows PDSCH throughput simulation results for TM2, TM3 and TM9 rank 1. From the simulation results, we can observe that
· Significant performance gain is observed with CRS-IM for all TMs when RU in interfering cell is low. 

· Performance gain is reduced as RU in interference cell increases. 

· It looks feasible to define a performance requirement of CRS-IM for both CRS TM and TM9. 

Based on these observations, we would like to propose following. 

Proposal 4. Introduce PDSCH demodulation performance requirements to verify throughput gain with CRS-IM in non-colliding CRS configuration at low interference cell resource utilization. Define one test with TM3 serving cell and one test with TM9 serving cell. 
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Figure 1. TM2 PDSCH throughput with non-colliding CRS interference

[image: image5.emf]-10 -5 0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

OCT0_UE0_TRANSMISSION_MODE=3, OCT1_UE0_TR_MODEL2_RU=0.1, 

CINR1=2.48.

G (dB)

PDSCH Throughput Mbps

 

 

MCS=14, CRS-IC disable

MCS=14, CRS-IC enable

MCS=20, CRS-IC disable

MCS=20, CRS-IC enable

MCS=5, CRS-IC disable

MCS=5, CRS-IC enable

[image: image6.emf]-10 -5 0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

OCT0_UE0_TRANSMISSION_MODE=3, OCT1_UE0_TR_MODEL2_RU=0.1, 

CINR1=11.75.

G (dB)

PDSCH Throughput Mbps

 

 

MCS=14, CRS-IC disable

MCS=14, CRS-IC enable

MCS=20, CRS-IC disable

MCS=20, CRS-IC enable

MCS=5, CRS-IC disable

MCS=5, CRS-IC enable


(a) RU=10%, 5%-tile INR1                                        (b) RU=10%, 50%-tile INR1

[image: image7.emf]-10 -5 0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

OCT0_UE0_TRANSMISSION_MODE=3, OCT1_UE0_TR_MODEL2_RU=0.5, 

CINR1=0.19.

G (dB)

PDSCH Throughput Mbps

 

 

MCS=14, CRS-IC disable

MCS=14, CRS-IC enable

MCS=20, CRS-IC disable

MCS=20, CRS-IC enable

MCS=5, CRS-IC disable

MCS=5, CRS-IC enable

[image: image8.emf]-10 -5 0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

OCT0_UE0_TRANSMISSION_MODE=3, OCT1_UE0_TR_MODEL2_RU=0.5, 

CINR1=8.36.

G (dB)

PDSCH Throughput Mbps

 

 

MCS=14, CRS-IC disable

MCS=14, CRS-IC enable

MCS=20, CRS-IC disable

MCS=20, CRS-IC enable

MCS=5, CRS-IC disable

MCS=5, CRS-IC enable


(c) RU=50%, 5%-tile INR1                                        (d) RU=50%, 50%-tile INR1

Figure 2. TM3 PDSCH throughput with non-colliding CRS interference
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Figure 3. TM9 PDSCH throughput with non-colliding CRS interference
3.2. PDSCH demodulation with colliding CRS
In order to evaluate the performance gain of CRS-IM with colliding CRS interference, fixed MCS link level simulation was run for PDSCH demodulation performance in the presence of two colliding CRS interference. Figure 4 shows PDSCH throughput simulation results with TM2. We can observe that there is negligible gain irrespective of resource utilization in interference cell and interference cell power level. 
Proposal 5. Don’t introduce PDSCH demodulation performance requirements to verify throughput gain with CRS-IM in colliding CRS configuration. 

4. PCFICH/PDCCH performance requirements

In RAN4 #74, some company proposed to also introduce control channel performance requirements for CRS-IM receiver. In order to evaluate feasibility of control channel performance, we would like to investigate several aspects of control channel demodulation with CRS-IM receiver. 
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Figure 4. TM2 PDSCH throughput with colliding CRS interference

4.1. Reference receiver for PDCCH

From Rel-8, RAN4 assumed MMSE-MRC receiver as reference receiver for PDCCH demodulation. For Rel-11 FeICIC WI, PHICH and PCFICH/PDCCH performance requirement was defined in ABS subframe with the assumption of CRS-IC for two dominant interfering cell. Note that use of CRS-IC in ABS SF is justified in FeICIC scenario since UE cannot decode DL control channel in ABS subframe without CRS-IC due to cell range expansion. 
For PDSCH demodulation for Rel-13 CRS-IM UE, MMSE-IRC + CRS-IC for two dominant interference cell is taken as reference receiver. First, we would like to point out that MMSE-IRC has never been applied for DL control channel demodulation. It is challenging to implement MMSE-IRC receiver for DL control channel since UE needs to demodulate control channel very quickly to meet tight PDSCH demodulation timeline. Therefore, RAN4 first needs to assess performance/complexity trade-off of MMSE-IRC receiver for DL control channel.  
Regarding applying CRS-IC for PDCCH, we also need to consider its impact on UE’s power consumption. Unlike ABS subframe in FeICIC scenario, UE can still demodulate PDCCH without CRS-IC in homogeneous network deployment. If CRS-IC for CRS-IM receiver is mandated, UE has to burn extra power to monitor PDCCH, which will affect power consumption of idle mode UE or connected DRX UE. Therefore, mandating CRS-IC for DL control channel needs to be justified by other benefits. 
4.2. Performance gain with CRS-IC

In order to evaluate performance gain of CRS-IC in DL control channel demodulation, we ran simulation for PCFICH/PDCCH demodulation test in non-colliding CRS interference. Figure 5 shows simulation results for PCFICH/PDCCH BLER test with and without CRS-C. It can be observed that performance gain is at most 1 dB even for high INR and low resource utilization in interface cell. When resource utilization becomes large, performance gain is reduced to 0.5dB. 

Considering increased implementation complexity, power consumption and small performance gain, we would like to propose not to mandate CRS-IM for DL control channel demodulation. 

Proposal 6. Don’t introduce PDCCH demodulation performance requirements to verify throughput gain with CRS-IM. 
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Figure 5. PCFICH/PDCCH demodulation performance non-colliding CRS interference

5. Conclusions

In this contribution, we provide investigation on test framework for CRS-IM and our proposal for demodulation test framework for non-TM10 TMs. Our proposals are
Proposal 1. Consider two non-colliding CRS interference cells at first priority in CRS-IM link level performance investigation. 

Proposal 2. For partial loading modeling, employ per-SF random on/off model in fixed MCS performance test. 

Proposal 3. Preclude 4 CRS antenna ports from CRS-IM WI scope since RAN4 does not have good study for 4 CRS antenna port deployment and CRS-IC for 4 CRS antenna port. 

Proposal 4. Introduce PDSCH demodulation performance requirements to verify throughput gain with CRS-IM in non-colliding CRS configuration at low interference cell resource utilization. Define one test with TM3 serving cell and one test with TM9 serving cell. 

Proposal 5. Don’t introduce PDSCH demodulation performance requirements to verify throughput gain with CRS-IM in colliding CRS configuration. 

Proposal 6. Don’t introduce PDCCH demodulation performance requirements to verify throughput gain with CRS-IM. 
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