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1. Introduction
In RAN4#76, RAN4 made a way forward regarding various aspects of Rel-13 CRS-IM UE in [1]. The WF has still captured several controversial issues for testcases introductions. Simultaneously, RAN4 has had email discussions to align simulation conditions as much as possible in [2].  In this contribution we share our preferences and observations on homogenous network CRS-IM behaviours based on the WF agreements and options. 

2. Discussion on Performances Requirements
Gain tests and a robustness test discussions of the CRS-IM RX are undergoing [1]. In the last meeting, we have still observed several controversial issues on the test introduction. For the gain tests, RAN4 should discuss down-selection the test choices for moving forward to the next step and align performances results for requirement introduction. For the robustness test, RAN4 needs to clarify explicit testcase goals comparing to existed testcases. 
Regarding the gain test we have provided testcase results of TM2,TM4 and TM9 in Table 1. 
Table 1 : CRS-IM performance gain RU=20% under SNR set 10th [INR1,INR2] = [10.45, 4.6] at 70% throughput
	Load
	TM
	INR1
(dB)
	INR2
(dB)
	MCS
	2-CRS-IC
(dB)
	1-CRS-IC
(dB)
	No-CRS-IC
(dB)
	Gain
(dB)

	20%
	TM2
	10.45 
	4.6
	MCS9
	3.2 dB
	3.6dB
	5.4 dB 
	2.2 dB

	
	
	10.45 
	4.6
	MCS14
	7.3 dB
	7.7dB
	9.5 dB
	2.2 dB

	
	
	10.45 
	4.6
	MCS18
	8.7 dB
	9.0dB
	10.7 dB
	2.0 dB

	
	TM4
	10.45 
	4.6
	MCS9
	3.5 dB
	3.8dB
	5.7 dB
	2.2 dB

	
	
	10.45 
	4.6
	MCS14
	6.6 dB
	7.0dB
	8.7 dB
	2.1 dB

	
	
	10.45 
	4.6
	MCS18
	7.9 dB
	8.2dB
	9.7 dB
	1.8 dB

	
	TM9
	10.45 
	4.6
	MCS9
	4.9 dB
	5.3dB
	7.7 dB
	2.7 dB

	
	
	10.45 
	4.6
	MCS14
	8.1 dB
	8.4dB
	10.9 dB
	2.5 dB

	
	
	10.45 
	4.6
	MCS18
	9.3 dB
	9.7dB
	12.3 dB
	2.0 dB


Observation 1:  CRS-IC RX gains are observed as Table 1. It is approximately 1.8dB~2.7 SNR gain under RU=20%, [INR1,INR2] = [10.45, 4.6] interference conditions. The first CRS-IC and the second CRS-IC show less than SNR 0.5dB performance gap under the given test scenarios.

Regarding the selection of testcases in CRS-based TMs, the demodulation procedure with CRS-IM does not make difference. RAN4 has been discussing especially the down selection of the CRS TM testcases, we prefer to introduce TM2 testcases only, since TM2 will be the most common transmission in homogenous network supporting fall back modes of other advanced transmission modes. 
Proposal 1 : Introduce testcase(s) by down selection from TM2,TM3 and TM4. We propose to use TM2 for the test requirement, since TM2 is the most common transmission modes used in homogenous network supporting fall back modes of other advanced transmission modes.
Remind that this CRS-IM WI for homogenous networks are about UE behaviour extended from Rel-11 feICIC RX. As many times emphasized, the only difference is that the CRS-IM is applied without ABS/non-ABS subframe scheduling. In terms of performance, the CRS-IM performance has been verified in other WIs including robustness. To sustain good CRS-IC gain or equivalent, the UE has to evaluate channel estimate quality on the aggressor CRS REs. This UE behaviour is not different between Rel-11 and Rel-13 UEs regardless of ABS/non-ABS subframe scheduling signal. Moreover, from the INR profiles results from Rel-13 CRS-12 SI, it is not convincing how much CRS-IC robustness causes concerns with specific malfunction suspicion in despite of existed testcase from Rel-11 feICIC robustness tests.

 In order to introduce robustness tests, we point out two problems; (i) with the INR profile selected by RAN4, common CRS-IC, applying over all subframes as the gain test manner, does not cause performance concern. Intel has shared performance observations without any performance lost tested in such manner [3]. It is ambiguous what to evaluate as UE’s robustness under the condition. (ii) RAN4 cannot test robustness against unspecified malfunctions of UE behaviours or further with broad suspicion. In addition, we don’t even want to test robustness with manipulating the INR stress extremely. Of course, if giving extreme stress like tests in Ericsson contribution in [4], the UE may lose robustness, however discussions needs to be made ahead on its needs regarding homogenous networks behaviours. 
Proposal 2 : We prefer to take the Rel-11 feICIC UE robustness test for a Rel-13 CRS-IC UE robustness without a new testcase introduction.
Regarding performance requirements, there are two proposals to make it with a single CRS-IM or with two CRS-IMs as captured in [1]. The way-forward is asking a preferences between the two options as

· Option 1: Companies can provide both 1-cell CRS-IC and 2-cell CRS-IC results for alignment and decided the requirements based on the aligned results

· Option 2: Defined performance requirements based on 1-cell CRS-IC

· Other options are not precluded 

RAN4 takes the two dominant CRS-IC UE capability from Rel-11 feICIC RX. Therefore, the UE can apply up to two CRS-ICs in Rel-13. However, the Rel-13 performance requirements is not necessarily overlapped with the Rel-11 feICIC UE. Homogenous network cells imply general cell deployment unlike heterogeneous networks of the feICIC feature. Therefore, the UE requirement discusses needs to consider for the general usecase target.
To our observation under homogenous networks, the two CRS-IC does not make a significant performance improvement from the single CRS-IC results. As illustrated in figure 2, only fractional number of SNR gains are obtained from the second CRS-IC. This is a typical behaviour of the homogenous network interferences. As RAN4 studied in SI phase [7], the INR profiles show well about inherent characteristics of the homogenous network interferences. Furthermore we investigate other INR profiles that have been selected for RAN4 discussions, we don’t see different results associated with the number of CRS-IC engines as figure 2 and table 2. Similar observations are found in Qualcomm [5] and LG [6] contributions.
Proposal 3 : Based on the SI and WI discussions and study results, we propose to clarify performance requirements and measurement conditions as below :
· Rel-13 homogenous network CRS-IM test scenarios are configured with 1-serving cell and 2-aggressor cells

· The minimum performance requirement of homogenous non-TM10 networks is a single CRS-IM.

· Further RAN4 performance alignment is conducted based on the minimum requirement of a single CRS-IM.

· Under homogenous networks, a Rel-13 UE can apply up to two dominant CRS-IMs with optimization factors associated with power consumptions, cell searcher-IC, performance gain and concurrent feature combinations etc.
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Figure 1 : Rel-13 CRS-IM RX performance improvement : TM9 with (a) MCS9, (b) MCS14, (c) MCS18
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Figure 2 : Rel-13 CRS-IM RX performance improvement in other INR profiles from SI [7]  
tested with TM2 RU 10%, 20%, 30%, 40% and SNR set 1,10, 15. 
Table 2 : Rel-13 CRS-IM RX performance improvement in other INR profiles from SI [7] 

	 
	RU
	SNB
	INR1
	INR1
	MCS
	1-CRS-IC
	2-CRS-IC
	Difference

	
	
	Set
	(dB)
	(dB)
	
	Gain (%)
	Gain (%)
	(%)

	TM2
	10%
	1
	2.48
	-0.03
	MCS7
	4.35
	5.79
	1.43

	
	
	10
	11.75
	5.69
	MCS13
	26.19
	29.26
	3.07

	
	
	15
	14.71
	10.08
	MCS19
	56.51
	62.10
	5.59

	
	20%
	1
	1.69
	-0.74
	MCS7
	4.94
	5.84
	0.90

	
	
	10
	10.45
	4.57
	MCS13
	34.92
	38.11
	3.19

	
	
	15
	13.36
	9.21
	MCS19
	42.14
	47.62
	5.47

	
	30%
	1
	1.34
	-0.74
	MCS7
	3.93
	3.97
	0.04

	
	
	10
	9.69
	3.69
	MCS13
	26.75
	29.44
	2.70

	
	
	15
	12.76
	7.82
	MCS19
	29.96
	33.98
	4.02

	
	40%
	1
	0.46
	-1.67
	MCS7
	2.09
	2.69
	0.60

	
	
	10
	8.79
	2.74
	MCS13
	18.05
	19.01
	0.96

	
	
	15
	11.69
	7.12
	MCS19
	20.41
	23.07
	2.66


The table 2 is generated under the identical test scenario to the TM2 testcase used for WF [1]. INR profiles are selected from table 6.3.2-1~6.3.2.-5 in [7], performances are compared at 70% throughput SNR of two CRS-IC performance. As confirmed, the difference between 1-CRS-IC and 2-CRS-IC appears very similar.
3. Discussion on RRC and UE capability Signalling
Since Rel-13 CRS-IM has new usecses, RAN4 needed further discussions on how to define signaling associated with the usecases in the last meeting. The concurrent feature with CA also has been discussed importantly, and RAN4 has made an agreement on requirement applicability with CA in [1] as

· RAN4 requirements are defined only for non-CA case.
· Reuse “CRS-AssistanceInfo-r11” as required assistance information (triggering signaling) for CRS-IM. RAN2 could discuss the extension to Scell if needed.

The UE capability issue remains with several options. RAN4 gives three options for the UE capability report

· Option 1: Not define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability
· Option 2: Define new UE capability signaling including information on the number of supported CCs for R.13 CRS-IM UE.
· Option 3: Define new UE capability signaling indicating CRS-IM support on at least one serving cell
We are against the Option-1. First of all, Rel-11 feICIC feature is a mandatory feature, so if adopting the R.11 crs-InterfHandle for Rel-13, it means it is mandatory for the Rel-13 UE too. As mentioned above, the Rel-13 CRS-IM has more general uscases comparing to Rel-11 feICIC UE, RAN4 needs further discussion if it is necessary to turn on the CRS-IC modules under homogenous network. Secondary, it causes unclear to define IC capability when combining with other IC features. In 3GPP, there has being introduced many IC features. For example, if an UE needs to take choice among Rel-12 NAIC, Rel-13 CRS-IM and Rel-13 control channel CRS-IC, the specific UE capability report for each is necessary to indicate exact support. 

Also, the Option-2 is actually a special case of Option-3. An UE can handle CRS-IM functions like the option-2 as implementation issue. In RAN2, there are discussion to reduce the signaling load, it may not be acceptable to expand another per-CC UE capability reports. 
Proposal 4 : We prefer to Define new UE capability signaling indicating CRS-IM support on at least one serving cell (Option-3 of UE capability)
4. Conclusion
In this contribution, we share our observations and simulations of the Rel-13 CRS-IM RX.
Observation 1:  CRS-IC RX gains are observed as Table 1. It is approximately 1.8dB~2.7 SNR gain under RU=20%, [INR1,INR2] = [10.45, 4.6] interference conditions. The first CRS-IC and the second CRS-IC show less than SNR 0.5dB performance gap under the given test scenarios.

Proposal 1 : Introduce testcase(s) by down selection from TM2,TM3 and TM4. We propose to use TM2 for the test requirement, since TM2 is the most common transmission modes used in homogenous network supporting fall back modes of other advanced transmission modes.
Proposal 2 : We prefer to take the Rel-11 feICIC UE robustness test for a Rel-13 CRS-IC UE robustness without a new testcase introduction.

Proposal 3 : Based on the SI and WI discussions and study results, we propose to clarify performance requirements and measurement conditions as below :

· Rel-13 homogenous network CRS-IM test scenarios are configured with 1-serving cell and 2-aggressor cells

· The minimum performance requirement of homogenous non-TM10 networks is a single CRS-IM.

· Further RAN4 performance alignment is conducted based on the minimum requirement of a single CRS-IM.

· Under homogenous networks, a Rel-13 UE can apply up to two dominant CRS-IMs with optimization factors associated with power consumptions, cell searcher-IC, performance gain and concurrent feature combinations etc.

Proposal 4 : We prefer to Define new UE capability signaling indicating CRS-IM support on at least one serving cell (Option-3 of UE capability)
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